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Amer. Micro. Soc. Proc. Proceedings of the,American Microscoi)icaI Society 
Amer. Micro. Soc. Trans. Transactions of the AmericatuMicroscopical Society 
Amer. Mineral. J. The Americ.an Mineralogical Journal • 

Amer. Min. Gaz. The American Mining Ga^tte and Gcologic.al Maga¬ 

zine 


Amer. Monthly Micro. J. 
Amer. Mus. Bull. 

Amer. Mus. Mem. 

Amer. Natur. 

Amer. Ophthalm. Soc. 

Trans. 

American Perfumer 
Amer. Phil. Soc. Proc. 

Amer. Phil. Soc. Trans. 

Amer. Phot. 

Amer. Poly. J. 

Amer. Quart. J. Agric. 
Amer. Reports State 

IJntom. 

Amer. Soc. Agr. Sci. Proc. 

Amer. Soc. Civ. Engin. 
Trans. 

’ Amer. Soc. Micro. Proc. 
Amer. Sugar. Ind. 

Am»r. Vet. Rev., N. Y. 
Amherst. Agric. Sta. Re¬ 
port 

Amici, Giorn. Toscano , 
Amiens Aoud. Sci^Mem. 


American Monthly Microscopical Journal 
ljulletin of the American Museum of Natural Histor 
Memoir#of the American Museum of Natural Historyy 
American Naturalist 

Transactions of the American Ophthaln'5ological So¬ 
ciety , 

Ameri<sip Perfumer and Essential Oil Review, The 


Proceedings of the American Philosophical Society 
hcM at Philadelphia 

Transactions of the American Philosophical Society, 
held at Philadelphia, for promoting useful knowledge 
American Photography . 

Th<? American PolytechnicjJoumal 

American Quarterly Journal of Agriculture and Science 


See Ill., Mass., Mo., N. Y. • 

Proceedings of the Society for the Fiomotion of Agri¬ 
cultural Science 

Transactions of the American Society of Civil Engineers 


Proceedings of the American Society of Microscopists 
American Sugar Industry and Beet Sugar Gazette, The 
American Veterinary Kdview, N. Y. 

Annual Report of the State Agricultural Experiment 
Stations, at Amherst, Mass. 

Giornale Toscano di Scienze medichi, fisiche e natural! 
Memoirs de PAcademie des Sciences, des Tettres et 
des Arts d’Amient 
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Ammon, Monatschr. Med. 

Ammon, Zts. Opthalm. 
Amsterdan\ 

Amsterdam, AkaS. Jaarb^ 

Amsterdam, Akad. Proc. 

Amsterdam, Akad.-Verh. 

Amsterdam, Akad. Vcrsl. 
Mededccl. 

Amsterdam, ” Akad. • Wet. 
Proc. 

Amsterdam, Ar^hief Wist;. 

Genoots. , 

Amsterdam Bijdf. Dicrk. 


Amsterdam, Bull. Congr,' 
Bot. 

Amsterdam Congr. Bot. 
Actes 

Amsterdam Genootjeh. 

“Natura Artis Magistra" 
Amsterdam Genootsch. 

Nat.-, Genees- en HeeN 
, kunde 

Amsterdam, Het Inst. 
Amsterdam, Mengelwerk 

Amsterdam,^Nieuw. Verb. 


Amsterdam, Nieuw. Wis. 
Voorstel. 


Amsterdam Nederl. Aardr. 

Genootsch, Tijdschr. ^ 
Amsterdam, Onderz. Phy% 
Lab. • ■ 

Amsterdam* Tijdschr. 

Natuurk. Wetins. 
Amsterdam, Tijdschr. Wis. 
Natuurk. Wetens. 

fl 

Amsterdam, Verb. 


Amsterdam, Verb. Ge¬ 
noots. Geneesk. 

Amsterdam, Verzam. Ber. 
* Navie. 


' t. 

Monatschrift fiir MejJecin, Augenheilkunde, und 
Chirtirgif • 

Zeitschrift Mr die Ophthalmologic 
Werken van het Genootschap ter Bevordering der 
Natuur-, Geneesen Heelkimd*. Sec Maandbl. NaV- 
jSarboek van de koningklijkc Akademi»van Weten- 
• schappen gevestigd te Amsterdam * 

Kyninklijke Akademie van wAenschappetl te Amster- 
' (lam. Proceedings of thC Section of Sciences 
Verhandlflingen der koninklijke Akadeynie vanWeten- 
schapp. ' 

Verslpgcn en Mededeelingen der Koninklijke Akademie 
van Weteuschappen. Afdeeling Naturkunde 
Processen-Verbaal van de gewone Vergaderingen der 
Koninklijke Akademie van Wetenschappen.'■'Af- 
«.deeling Natuurkunde. 

Archief uitgegeven door het Wiskundig, Genootschap 

Bijdragcn tot de Dierkunde uitgegeven door the 
(Kopincklijk Zoologisch) Genootschap Natura Artis 
Magistra, te Amsterdam 

Bulletin du Congres International de Botanique et 
d'Horticulture reuni a Amsterdam 
Actes du Congres International de Botanistes. d’Horti- 

ciilteurs.tenu a Amsterdam, en 1877 

See Aansterdani Bijdr. Dierk 

See Maandbl. Nat. 


Het Instituut 

Mengelwerk von uitgelefzenc en andere Wisen Natuur- 
kundige Verndivlelingen 

Nienwe Verhandelingen der eerste Klasse van het 
Koninklijk Nederlandsche Instituut van Weten- 
schapen, en S(^oone Kunsten te Amsterdam 
Verzanieling vaijtiieuwe wiskundige Voorstellen door 
de Leden van het Wiskundig Genootschap, onder de 
zinspreuk: Een tmermoeide arbeid komt alles te 
boven, elkander tot ondcrlingc oefening opgegeven 
Tijdschrift van Ijet (Kon.) Nederland^b. Aardrijks- 
kundig Genootschap, gevestigd te Amsterdam 
Onderzockingen gedifan in het Physiologisch Labora- 
torium van de Uoorluchtige en Klinische Scholen te 
Amsterdam 

Tijdschrift voor Natuurkundige Wetenschappen en 
Kunsten ' ,, 

Tijdschrift voor de Wis- en NAuurkundige Weten¬ 
schappen, Lctterknnde, en Schoone Kunsten te 
jkmstei'dam 

Verhandelingen der Eerste Klasse van het Koninklijk*' 
'^Nederlandsche Instituut van Wetenschappen, Let- 
‘ terkunde, en Schoone Kunsten te Amsterdam c 
VerhandelWen van het Genootschap ter Bevordering 
der Geneesen Heilkunde, en Schoone Kunsten te 
Amsterdam ^ 

Verzameling van Bcrichten over egnige onderwerpen 
des Navigatie 
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'Amsterdam Zool. Genoot- 
sch. "Natura Artis Mag- 
istra” 

Anales agroa. 

Anales fis. quim. * 
An^es inst. cAed. nacional 
Anales Mineria Mex. 


Analyst 


Anat. 

Anat. Anz. 


Anat. Hefte 


Anat. Soc. Proc. 

Anat. Studien 
Angers Acad. Sci. Mem. 

Angers, Ann. Soc. Linn 

Angers, Mem. ,Soc. Agric. 

Angers, Soc. Sci. Bull. 

Ann. 

Ann. Bot. 

Ann. Chim. 

Ann. Chim. anal. 

Ann. chim. farm. 

Ann. Chim. Phys. 

Ann. Chimica 

Ann. Conduct. Ponls et 
Chauss. 

Ann. Conserv. Arts Met. 
Ann. Dermatol. 

Ann. Ecolc norm. 

Ann. Falsir. 

Ann. Farm. Chim. 

Ann. Fis. Chim. 

Ann. G6nie Civil 
Ann. G4n. Sci. Phys., 

Ann. Geogr. 

Ann. Hydrogr. 

n. Hydrogr. Mar. Met. 

Ann.^yg. pub. 

Ann. Ind. 

Ann. Inst. Pastuer 
Ann. Landw. • 

Ann. Landif. Wochenbl. 
Ann. Mag. N^tur. Hist. 


S«e Nederl. Tijdschr. Dierk. ■ 


Anales Agronomieos 

Anales de la sociedad emanol* de fisica y quimica 
Anales del institute medico nacional 
Analts de la Minetaa Mexicans, Revista de 
j Minas •, 

The Analyst, ineluding the Proceedings of the Society 
of Public Analysts' 

Anatomic ' 

Anatomischer Anzeijer. Centralblatt ftir die Gesamte 
Wissenschaftliche Anatomic. (Amtlich^ Organ der 
Anatomischen Gesellschaft) * 

See Anat. Anz. 

Anatomische Hefte. R*!ferate und Bcitr.age (Beitrage 
und Referate) zur Anatonie und rfintwickelungs- 
geschichte. • , 

See J. Anat. Physiol. 

Anatomische Studien 

Memoires de I’Academie de%Scienccs et Belles-Lettres 
d’Angers 

Annalcs de la Soci4t6 Linneenne'du d^partement de 
Maine et Loire • 

Memoires de la Society d’Agriculture, Sciences, et 
Arts • 

Bulletin de la Society d’EtudeS Scientifiques d’Angers 
Liebig’s Annalen der Chemie • 

Annals of Botany • 

Annates de Chimie » 

.'tnnalcs de Chimie analytique applique 4 I’lndustric, 
•a I’Agrjaulture, & la Pharmacie et 4 la Biologic 
Annali di Chimica e de farmacologia 
Annales de Chimie et de Physique • 

Annali di Chimica (Medico-Farmaceutica e di Farma- 
colog^a^ 

Annalcs «es Conducteurs des Fonts et Chaussccs et 
des Gardes-Mincs 

Annates du Conservatoire des Arts et Metiers 
Annales de Dermatologic et de Sypbiligraphie 
Annales scientifiques de I’Ecolc Normale superieure 
(L. Sasteur) t 

Annalcs dcs Falsifications t ^ 

Annali di Farmacoterapia e Chimica (Biologica) 
Annali di Fisica, Chimica, etc. , 

Annales 4u G^nie Civil 

Annales gte^rales des Sciences Physitiues 

Annales de Geographic 

Annales Hydrogtaphiques ' 

Annalen der Hydrogragrfaie Wd Maritimen Meteoro- 
logie. Organ des Hydrographischen Bureaus 
(Amtes) und der Deat^ben Seewarte 
Annales d’hygiene publique 
Annales industrielles, par Fredureau, etc. 

Annales de I’Institut Pasteur , 

Annalen der Landwirthsebaft in den K. Staaten 
Annalen der Landwirtsebaft, Wochenblatt 
'Fhe Annals and Magazine of Natural History, in¬ 
cluding Zoology, Botanytand Geology • 
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Ann. Matemat. 
Ann. Mat!i. 

Ann. Med. » 
Ann. Med.*Psychol. 

Ann. Med. Surg. 


Ann. Microgr. 

Ann. Mines 

f ^ 

Ann. Musco Ind. Ital. 

Ann. Natur. Hist. 

Ann. Oculist . 

Ann. Pharm. • * 

Ann. Pharm. Louvain 
Ann. Phil. 

Ann. Phys. 

Ann. Phys. Chem. 

Ann. Ponts et Chaujs. 
Ann. R. Staz.,Chim. 

« 

Ann. Rep., U. S. Dept. 
Agric. 

Ann. sci. agron. 

Ann. Sci. Bot. Nat. * 
Ann. Sci. Lomb. Veneto 
Ann. Sci. Nat. 


Ann. Sci. Univ. Jassy 
Ann. Scott. Natur. Hist. 
Ann. Surg. 

Ann. Storia Natur. 

Ann. Telegr. 

Annab.-Buchh. Ver. Na- 
turk. Ber. 

Annab.-Buchh. Ver. Ila- 
turk. Jahr. , % 

Annaes Sci. Natur. 

Anne^ Bioj! . 

Annot. Zool. Ja0. 

Annuaire Ancienne Noj- 
mandie 

Annuaire Inst. Provinces 

Annuaire met. France 
Annuaire Mines Russie 
Anthropol. (Paris) 

Anthropol. Congr 
Anthropol. Inst. J. 


Annali di Matcmatica pura e^ applicata ’ 

Annals of* Mathematics 
Annali di ®Iedicina 

Annales medico-psychologiques; Journal de 1’ ana- 

A tomie, Physiologic, etc., du s^tcme nerveux * 
nnals of Medicine and Surgery, or R^icords of.thc 
« occurring Improvements and Discoveries in Medi- 
, ccine. Surgery, and their jpiniediately connected Arts 
and Sciences 

Annales de l^icrographie specialemcnlr consacree? a la * 
Bacteriologie, aux Protophytes et aux Protozoaires 
Annales des Mines.. .redigees et publiees sous I’Autori- 
sation du Ministre des Travaux Publics 
Annali del R. Museo Industriale Italiano 
Annals of Natural History 
Ainales d’Oeulistique et de Gynecologic 
Annals of Pharmacy • 

Annales de Pharmacie, Louvain 
Annals of Philosophy 
Annalbn der Physik 
Annalen der Physik und Chemie 
Annales des Ponts et Chaussces 
Annali della R. Stazione Chimico Agraria Sperimentale 
di Roma ' 

Annual Report of the United States Department of 
Agriculture 

Annales de la science agronomique francaise et ctran- 
gere 

Annales des Sciences Naturelles, Botanique 
Annali dellc .Scienze del Regno Lombardo-Veneto 
Annales (fos Sciences Naturelles. Botanique. Zo- 
ologie et Paliiqntolosfie, comprenant I’Anatomic, la 
Physiologic, la Classification et I'Histoirie Naturelle 
des .'Inimaux 

Annales scientifiques de l’Universit6 de Jassy 
The Annals of fijottish Hatural History 
Annals of Surgety 
Annali di Storia Njiturale 
Annales Telegraphiques 

Bericht fiber den Annabcrg-Buchholzcr Verein ffir 
Naturkunde * 

Jahrestericht des Aunabcrg-Buchholzer Vereins ffir 
Naturkunde 

Annaes de Sciencias Naturaes 
L’Anne6 Biologique. Comptes Rendus annuers des 
Travuax de Bidogie Generale 
Annotationes Zoologicae Japoq/enses, Auspiciis So- 
cietatis Zoologicae Tokyonensis seriatim editae 
Annuair* des cinq. Departements de I’Ancienne 
•Normandie, par I'Association Normandie ^ 

Annuaire de ITnstitut des Provinces, des SocieRs 
. • Savantes, et des Congres Scientifiques 
Annuaire l^eteorologique de la France 
Annuaire du Journal des Mines de Russie 
Materiaux pour lUistoire de I’Homme. Revue ' 
d’Anthropologie. Revue d’Ethnographie reunis. 

See Congr. Int. Anthrop. C. R. • * 

The Journal of the Anthropological Insytute of Great 
Britain and Ireland 
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Afathropol. Rev. 
Anthropol. Soc. Mem. 

Antwerpen, Verb. Cenoote. 

Okc. qui non. ’ 

Anvers, Ann. Selb. Med. 
Anvers, Congr. Sci. Geogr. 

Anvers, T. Pharm. 

• • 

Apoth. Ztg. 

Apothecary 
Appreturzeitung 
Apt, Aj^. Soc. Sci. 

Aquila 

Arb. Kais. Gesundhts. 

• 

Arb. pharm. Inst., D. Univ. 
Berlin 

Arcachon Soc. Sci. Stat. 

Zool. Trav. 

Arcetri Oss. Pubbl.* 
Archief Suikcrind. 

Archief Wisk. Gcnoots. 
Archit. and Eng. 

Archiv. Agriculturchem. 
Archiv. Anat. Micro. 
Archiv. Anat. Physiol. 

Archiv. Anthropol. 


Archiv. Anthropol. P^tnol. 
Archiv. Augenheilk. 
Archiv. Augen-. Ohren- 
heilk. 

Archiv. beiges m^d. mil. 
Archiv. Biol. 

Archiv. Bot. Nord. PVance 
Archiv. Chem. Mikros. 
Archiv. Cosmol. 


Archiv. Dent. 


Archiv. Elect. 

Ayth^v. P^ntwickl. Organ. 
Archiv exper. Path. 
Pharm. 

Archiv. •Farmacol. sper. 
Roma 

Atchiv. fisiol. 

Archiv. gen. Med. 

Archiv. ges. Physiol, • 

Archiv. Heilk. 


The* Anthropological Review 
Memoirs read bj^ore the Anthropological Society of 
I/mdon * 

Verhandelingen van het Genootschap: "Octidit qui 
non servat” a » 

Annales de la Societe dc Medecine d’Anvers 
Compt#Rendu du Congrts des Sciences Geographi- 
»ques, Cosmographiques^et Commcrciales 
Journal de Pharma(jie, jiubl. par la Soc. de Pharraacie 
d’Anvers , 

Apotheker Zeitung, Berlin 
Apothecary, Boston • 

Appreturzeitung , • 

Annales de la Societe litteraire, scientifique et artistique 
d’Art (Vaucluse) 

Aquila. A Magyar Ornitlfblogiai Kozpont Eolyoirata. 

Periodical of Ornithology • * ’ 

Arbeitcn aus dem kaiserlichAi Gestadheitsamte, 
. Berlin - 

Arbeitcn aus dem plnftmazeutischcn Institut der Uni- 
versitat Berlin • 

Societe Scientifique et Station Zoologiquc d’Arcachon 

• 

See Firenze R. 1st. Pubbl. (Arcetri Oss) * 

Archief Suikerindustrie in Nedcrlandscli-Indic 
Archief uitgegeven dooJ het Wiskyndig Genootschap 
Architect and Engineer 
Sec Hermbstadt ^ 

Archives d’Anatomic Microscopique 
Archiv. fiir Anatomic, Physiologic und wisscnschaft- 
liche Medicin 

Archtv. fiir «Ainthropologie... Organ der deutschen 
Gescllschaft fiir Anthropologic, Ethnologic und 
Urgcschichte * 

Archivio per I’Anthropologia e la Ktnologia 
Archiv. fiinAugenheilkunde 
Archiv. fiir Augen- und Ohrenheilkunde 

Archives beiges de medicine militaire 
Archives de Biologic 

Archives Botaniques du Nord de fa France 
Archiv.•Chemie und Mikroskopitr 
Archives cosmologiques. Revuf dae Sciences Natur- 
elles, avec leurs applications a la Medecine, a I'Agri- 
culture, aux Arts, et a I’Industrie • *. 

Archives of dentistry: A rceoid of Dental Iraowledge; 
medical, surgical, microscopical, chemical, and 
mechanical . 

Archives de I’Electncite , 

Archiv. fiir Entwicklungsiflechanik der Organismen 
Archiv. fiir cxperimentelle Pathologic und Pharmako- 
logie “ • 

Archivio di Fajmacolagia sperimentale e Scienze 
affinC Roma 
Archivio di fisiologia 
•Archives gcnerales de Medecine _ 

Archiv. fur die gesammte Physiologic des Menschen 
und der Thicre (Pfliiger) 

Archiv der Heilkunde 
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Archiv. Hyg. 

Archiv". Internal Med. 
Archiv.^intl. plfarmacodyn. 

Arehiv. Ital. 6iol. 

Archiv. Kinderheilk. 
Archiv. Math. Naturvid. • 
Archiv. Math. Phys. 
Archiv. Med. 

Archiv. Med. comparce. 
Archiv. mcd. e.xp. 

r ^ 

Archiv. Med. Navalc 
Archiv. Med. Phartn. 
Militair; 

Archiv. MilAo. Anat.' 

• t 

Archiv. Miss. Sci. 

Archiv. Naturgesch. 
Archiv. Naturk. (Dorpat) 


Archiv. Ncerland. 


Archiv. fiir Hygiene* , 

ArchivA of Internal Medicine 

Archives intemationales de pharmacodynamie et de 
thereapie 

Archives Italiennes de BiOTogic. Revues, Res<tafs 
Reproductions des Travaux Scientfiiques Itijliens 
Archiv. fiir KintKrheilkunde 
• Archiv. for Mathematilj; og Naturvidenskab 
Ajrchiv. dcr Mathematik und Physik 
Archives qf Medicine 
.See Raycr 

ASchives de medicine experimentale et d’anatomie 
pathologique 

Archives de Medecinc Navale (et Coloniale^^ 
Archives de Medecinc et dc Pharmacie Militaircs 

Archiv. fiir Mikroskopische Anatomic (un<l lint- 
wickehmgsgeschichte) 

Archives des Missions .Scientifiqnes et LilteraireS 
Arthiv. fiir Natiirgeschichtc 

Archiv. fiir die Naturkunde Liv-, Khst- und Kur- 
lands. Heraicsgegeben von der Dorpater Natur- 
forscher-Gescllschaft 

Archives Neerlandaises des Sciences Ivxactes et 
Natnrelles publiees par la Societe Ifollaiidaise des 


Archiv. Ohrenheilk. 

Archiv. Ophthalni. ^ 
Archiv. Ophthalm. Otol. 
Archiv. Otol. 

Archiv. Parasit. 

Archiv. path. Anat. 

Archiv. ^'harm. 

Archiv. Pharm. og Chemi 
Archiv. Physiol. 

Archiv. Psychiatr. 

Archiv. Sci. 

Archiv. sci. med. . 

Archiv. Sci. Phys. N^t. 

Archiv.^,Sci. Pract. Med. 
Archiv«*Slav«s Biol. 

Archiv. , Verdauungs- 
krankh. 

Archiv. Wiss. Heilk. 

Archiv. Wiss. Prakt. '^hier-* 
heilk. • 

Archiv. Zool. Anat. Pis. . • 
Archiv. Zool. Exper. 
Arcueil, Mem.^Phys. 

Argent. Inst. Geogr. Bob 
Argent. P. 

Argent. Soc. Ci. An. 

• • 


“Sciences a I larlcm 
Archiv. fiir Ohrenheilkunde 

Albrecht von Graefe’s Archiv fiir Ophthalmologie 
Archives of Opthalmology and Otology 
Archivers of Otology 
Archives de Parasitologie 

Archiv fiii«g)Sitholdgische Anatomic und Physiologic 
und fiir klinische Medizin (Virchow’s) 

Archiv. dcr Pharmacie; Archiv des Apolhekervereins 
im nordlichcn Deutschland. 

Archiv. de Blgrrmaci og Chemi, Copenhagen 
Archives de*l'hysiologie Normale et Pathologique 
Archiv. fiir Psychiatric und Nervenkrankheiten 
Archives of Science and Transactions of the Orleans 
County Society of Natural Sciences 
Archivio perles scienze medichc " ■ 

Bibliotheque Universelle. Archives des Sciences 
Physiques et Naturelles 
Archives of Scientific and Practical Medicine 
Archives Slaves de Biologic 
Archiv. fiir erdauungs-krankheiten 
* 

Archiv. des Vereins fiir gemeinschaftlichc Arbeiten 
zui P'orderung dcr wissenschaftlichen Heilkunde 
Archiv. fiir wissenschaftliche und praktische ybier- 
hcilkunde 

Archivio per la Zoologia, I'Anatomia, e la Fisiologia 
Archiv(y de Zoologie Experimentale et GeneAle 
Memoires de Physique et de Chiraie de la Societe 
d’Arcueil 

Boletin del Institute Geografico Argentino 
Argentine Patent • 

Anales de la Sociedad Cientifica Argentina 



xxxiii 


1,1ST OF ABBREVIATIONS TOfJkitERaTURB 


Ariciv. Kemi, Minerol. 

Geoi: 

Arkiv. Math. Astron. 
Fysik 

Arnwgh Nat. Hist. & Phii? 

Soc., " 

Arms and Expl. 

Arnhem, Natuurk. 

• • ^ 

Arras, Mem. Acad. 

Arras, Mem. Soc. Roy. 


Artus, Jahr. 6kon. Chemic 
Artus, Vierteljahrcischrift 


Ashmol. Soc. Proc. 

Asiat. Researohes 
Asiot. Soc. J. 

Assoc. Franc. Compt. rend. 

Assoc. Med. J. 

Assur. Mag. 

Astron. Nachr. 

Astron. Soc. Mem. 

Astron. f3oc. Month. >Jot. 

Astrophys. J. 

Atelier Phot. 

Ateneo Ital. 

Athencs Obs. Nat. Ami. 
Atlantis 

Atti. Accad. Ital. 

Atti. accad. Lincci 

Atti. Coll. Ing. Archit 
Atti. inst. incoragg. 

Atti. R. Accad. Sci. Torino 
Atti Sci. Ital. 

Atti Soc. Elvet. , 

Aube, Mem. Soc. Agric. 

Augsb. Naturhist. Ver. 


Arkiu lor Kemi, Mineralogi och Geologi 
Arkiv fSr Matheftiatik Astronomi och Fysik 
See Irish Natlist. » •» 

Arms aSd Explosives 

N|ituurkunde. Tijdschrift;* inhoudende Phijsica, 
Chemie, Pharraacip, l^atuurlijke Historie en Littera- 
tuur, uitgcge\;en van wege het Genootschap: Tol nut 
e.H vergenoegen, te Arnhem 
Memoircs dc I’Academi* d’Arras 
Menioires de la Societe Royale d’Arrag s 
The Art Journal 
The Artizan (London) 

Jahrbuch fiir okonomische Chemie, etc. 
Vierteljahresschrift fiir technisChe Chemie, Land- 
wirthschaftliche Gewerbe, FaSrickwestn und Ge- 
werbctrcilicnde iiberhaupt. 

Abstracts of the Proceedings of the Ashmolean So¬ 
ciety • 

.Asiatic Rc.scarchcs; or Transactions,of the (Bengal) 
Society t 

Journal of the Royal Asiatic Society 
Association I'Vancaise pour I’avancemcnt des Sciences. 

Comptes Rendus * ^ 

Sec Med. Assoc. Joum. 

The As.surancc Magazine (and Toumal of the Institute 
of Actuaries) 

Astronomische Nachrichten 
Memoirs of the Astronomical Society of London 
Monthly Ncgiccs of the Astronomical Society of 
London 

Astrophysical Journal 
Atelier des Photographen 
L’Ateneo Ilaliano 

Annales de T’Ohservatoire National d’Athenes 
The Atlantis, or Register of Literature and Science 
Atti dcirAccaderaia Italiana di Scienze 
.Atti della reale accademia del Lincei, rendiconti, 
classc di scienze lisichc, mathema^iche e natural! 

Atti de Gollegio degli ingegneri ed Architetti in Milano 
Atti del R. institute d’incoragfiamento di Napoli, 
Naples, Italy 

Atti della Rcale Accademia della Scienze di Torfso 
Riunione dcjli Scienziati Italiani , 

Atti della Societa Elvetica delle Scienze Naturali 
Memoires de la Societe d’Agriculture, des Sciences, et 
des Lettres du department de VAube 
Herichte des Naturhistorisciicn Vereins in Augsburg 


Auk 

Ausland • 

Aust. P. 

Asist.-Hung. P. 
Australasian Assoc. Rep. 

• . 
Australasian J. Pharm. 
Australian Med. j! 


The Auk. A Quarterly Joifrsal of Ornithology 
Das Ausland , 

Austrian Patent 
Austro-Hungarian Patent 

ileport of the... Meeting of the Australasian Associa¬ 
tion for the Advancement of Science 
Australasian Journal of Pharmacy, Melbourne 
Australian Medical Journal 
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Australia Med, Rec. 
Australian P. 

Australian Sugar J. 

Autun, Mem. goc. Eduenne 
Auvergne, Ann, Sci, * » 

Auxerre, Bull. Soc. Sci. 

•» 

Badisclien Aerat. Vcrcin. 

Mitth. 

Bah. P. 

Ballenstedt, Archiv. 

Ballot, Mag. Laodbouw. 
Baltimore Med. Phys. Re¬ 
corder 

Bamb. Naturf. Ges. Bcr. * 
Barb. P. ' * » 

Barcelona Atad. Bolt 

Barcelona Acad. Mem. 

Barrow Field Cl»b Report 


Basel, Ber. 

Batavia Genootsch* Verb. 
Batavia, Natuiu. .\rclucf. 


Medical Records of Austrajia 
Australfan P. 

Australian Sugar Journal 
Memoircs de la Societe Eduenne 
Annales Scientifiques, Eittdibires, ct Industriella* de 
I’Auvergne ♦ ^ 

Bulletin de la Societe das Sciences Historiques ct 
Naturellcs de I’Yonne 

AJittJieilungen dcs Bacuschen arztliclicn Vereins 
Bahamas latent 

Atchiv fiir die neuesten ICutdeckungcn alls dcr Xlrwclt 
Magazin voor Landbouw en Kriiidkunde 
Baltimore Medical and Physical Recorder 

• # 

Bericht der naturforschenden Gescllscliaft zu Bamberg 
Barbados Patent • 

Boletin de la Real Academia dc Ciencias y Artes de 
Barcelona 

Mtmiorias de la Real Academia de Ciencia.s Natiirales 
y Artes dc Barcelona 

Barrow Naturalists’ Field Club and Literary and 
.Scientific Association. Annual Report and Pro¬ 
ceedings 

Bericht fiber die Verhandlungen dcr Natiirforsclieiiden 
’Gcsellschaft in Basel 

Vcrhandlingen van het Bataviaasch Gcnootschap dcr 
Kunsten en Wetenschappen 
Natuur- en Geneeskundig Archief voor Nederlandsch- 
Indie 


Batavia, Natuurk. Tijdschr. 

BataviJ, Notulen 

Batavia Obs. Obsns. 

Batavia, Tijdschr. 

Batavia, Verh. Natuurk. 

Vereen. . 

Bath Micro. Soc* Mmutes 

Bath .^fatiir. Hist. Club. 
Proc. 

Bath Soc. Agric. I,etters 


Baugew. Ztg. • 

Baumgartner Zts. • 

• 

Bayer. Gewerbcztg. 

Bayer. Kunst. Gewerbebl. 

Bayer, Landw. Vcr. Erg. 


Natuufkundig Tijdschrift voor Nedcrlandsch-Indi®, 
iiitgegei^ door de Koninklijke Natiiiirkundige 
Vereeniging in Nederland.sch-Indic 
Notulen van de Allgemeene en Bcstiiiirs-Vergader- 
ingen van het Bataviaasch Gcnootschap van Kun¬ 
sten en Wqtenschappen 

Observatioifs made at the (Royal) Magnctical and 
Meteorological Observatory at Batavia 
Tijdschrift voor Indische Taal-, Land-, cn Volken- 
kundc « 

Vcrhaudlingtn der Natuiirkimdigc Vereeniging in 
Nederlandsclklndie 

Extracts from the Minutes of the Bath Microscopical 
Society 

Proceedings of the Bath Natural History and Anti¬ 
quarian Bield Club 

Letters and Papers of the IJath and-West of England 
.Society for the Encouragement of Agriculture, 
Arts, Manufactures, and Commerce 
Baugewerks-Zeitung 

Zeitschrift ffir Physik, Mathematik, und vertrifhclte 
Wissenschaften 

Bayerjpehe Gewerbezeitung • 

Kunst und Gewerbeblatt (Poletechn, Vcrcin Konigreich 
Bayern) •, 

Ergebnisse landwirthschafllichcr und agrikulturchcmis- 
cher Versuche an der Station dej General-Comite 
des Bayerischen Landwirthschaftlichen Vereines in 
Munchen ‘ 
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% 


Bayeux, Mem. Soc. Agric. 
Bd. Trade J. 

Beauvais, Soc. Acad. Mem. 
% • 
Beitr. Anat. Physiol 
Beitr.^nthropol. Baycms 


8eitr. Biol. Pfianz* 
Beitr. Geophys. 


Beitr. teyptog. Schweiz 
Beitr. Mecklenb. Aerzte 

Beitr. Morphol. 


Beitr. Naturk. Preussens 


Beitr. Paliiont. Oestcrr.- 
Ung. 

Beitr. Path. Anat. 


Beitr. Physiol. Morphol. 

Beitr. Russ Reich. 

Belfast, Clin. Soc. Trans. 

Belfast Field Club Rep. 

Belfast Natur. Hist. Soc. 
Proc. 

Belg. Horticole 
Belg. P. 

Bengal Asiat. Soc. J. 
Bengal Asiat. Soc. Proc. 
Bengal Govt. Records 

Bengal, Phot. Soc. J. 

Ber. , 

Ber. deut. bot. Ges. 

B^. pharm. Ges. 

Ber. phys. Ges. 

Ber. Sacks. Ges. Wiss. 

|lar. Veter. KOnig. Sach. 

B4rg. Hiittenirfjahr.* 
Berg. Htittenm. Ztg. 


Meipoires de la Societe d’Agriculture, Sciences, Arts, 
et Belles-Lettres de Bayeux 
Board of Trade^oumal • 

Memoires de la Societe Academiquc d’Archeologie, 
Sciences et Arts du Departmeiet de I'Oise 
See Eckhard 

Beitragc zur Anthropologie und Urgeschiehte Bayerns. 

Organ der Miincheno*. Gesellschaft fiir Anthro- 
* pologie. Ethnologic imd Urgeschiehte 
Beitrage zur Biologte der Pflanzen 
Beitrage zvi *Geophysik. Abhandlungcn aus dem 
Gcographischen Seminar der Universitat Strass- 
burg. Beitrage zur Gcophysik., Zeitscjirift fiir 
Physikalische Erdkunde 
Beitrage zur Kryptogamenflora der Schweiz 
Beitrage Mecklenburgisclftr Aerzte zur Mcdicin und 
Chirurgie * • ■ 

Beitrage zur Morphologic und Morphogenic. Unter- 
suchungen aus dem Anatomischen Institut su 
Erlangen • 

Beitrage zur Naturkunde Preussens. Hcrausgegeben 
von der Kiiniglichen Physikalisc^-Oekonomischen 
Gesellschaft zu Konigsberg • 

Beitrage zur Palaontologie Oestcrreich-Ungams und 
des Orients 

Beitrage zur Patholo|ischcn Anatomic und Physio¬ 
logic. Beirtagc zur PathologiJchen Anatomic und 
zur Allgemeinen Pathologic 
Beitrage zur Physiologic uncf Morphologic Nicderer 
Organismen. 

Beitrage zur Kenntniss des Rus.sischcn Reiches und 
der angre])*enden Lander Asiens 
Transactions of the Clinical and Pathological Society 
of Belfast • 

Annual Reports and Proceedings of the Belfast 
Natural^te' Field Club 

Proceedings* of the Belfast Natural History and 
Philosophical Society 

La Belgique Horticole. Annales de Botanique et 
d’Horticulture 
Belgian Patent 

Joumal.of the Asiatic Society of Bengal 
Proceedings of the Asiatic Sixiay qf Bengal 
Selections from the Records of the Bengal Govern¬ 
ment t 

Journal of the Photographic Society of Bengal 
Berichte der Deutschen Chemischen ’Gesellschaft, 
Berlin , 

Berichte der deutsqben botani^hen Gesellschaft 
Berichte der deutschen • pharmazeutischen Gesell¬ 
schaft . 

Berichte der deutschen ph^isikafischen Gesellschaft 
Berichte fiber djg Verhandlungen der Kbnigl. Sachs. 

Gesellschaft d» Wissenschaften zu Leipzig 
Berichte fiber das Veterinarwesen im Kbnigreich 
, Sachsen 

Berg- und hfittenmannisches Jahrbuch 
Berg- und hfittenmannische Zeitung 
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Bergens Mus. Aarb. ' Bcrgens Museums .Aarboz for,. .Afhandlinger og 

' AarsWjietning udgivnc af Bergens Museum 

Berggeist • Der Berfgeist^ 

Berghatfe, Ann. Annalen der Erd-, Volker- und Staatenkunde 

Berghaus, Zts.*Erdk.» • Zeitsehrift fiir vergleichendeSSrdkunde « 

Berlin Afrik. Ges. Mitth, Mittheilungen der Afrikanisehen Gesellsch^ft in 

Deutschland • » 

Berlin Akad. Abb. • eAbhandlungen der k. Akademie der Wissenschaften 

zu Jlerlin 

Berlin Akad. Monatsber. Monatsbeychte der k. Pre<issiscl*n Akademie d»' 
Wissenschaften zu Berlin 

Berlin Akad. Sitzber. Si%zungsberichte der Koniglich Preussischen Akademie 

I , der Wissenschaften zu Berlin 

Berlin Ann. Telegr. Annalen der Telegraphic 

Berlin Astron. Jahr. Berliner Astronomisches Jahrbuch * * 

Berlin Bot. Gartens Jahr. • Jahrbuch dcs Kduiglichen Botanischen Gartens und 
■ • • des Botanischen Museums zu Berlin 

Berlin Bot. Ohrtens Notizld. Notizblatt des Konigl. Botanischen Gartens und 
Museum.s zu Berlin 

Berlin Ent. Ges. Setf Ill. Wschr. Ent. 

Berlin Entom. Zts. • Berliner Entomologische Zeitsehrift; herausg. von 
, dem Entoinologisehen Verein in Berlin 

B,erlin Gesj»Anthrop. Verb. See Ztschr. Ethnol. 

Berlin Ges. Erdk, Verb. Verhandlungcn dcr Gescllschaft fiir Erdkunde zu 
Berlin 

Berlin Ges. Pirdk. Zfs. Sdfc Berlin Zts. Erdk. 

Berlin Ges. GeburtsTiIf. See Zts. Geburtshlf. Gyniik. 

Gyniik. 

Berlin Ges. Naturf. Frefinde Magazin der Gescllschaft Naturforschendcr Freunde 
Mag. zu Berlin, fiir die neuesten Entdeckungen in der 

gesanfmten Naturkunde 

Berlin Ges, Naturf, Freunde Ncue Schgiften derGcsellschaft Naturforschendcr 
N. Schr. Freunde in Berlin 

Berliners.Naturf.Freunde Verhandluugen der Gesellschaft Naturforschendcr 
Verb. Freunde zu Berlin 

Berlin Ges. Psychiatr. Sec Arch. Pijjchiatr. 

BerlinGesundheitsamt Biol. Arbciten aul der Biologischen Abtheilung fiir Land- 
Abth. Arb. und F'orstwijthschaft am Kaiserlichen Gesund- 

heitsamte 

Berlin Ind. Ztg. Industrie Zeitung, Berlin 

Berlin Jahr. PharnL Berlinischcs Jahrbuch fiir die Pharmacie und fiir die 

' damit verbundenen Wissenschaften 

Berlin Klin. Woebens^hr. Berliner klinische Wochenschrift 

Berlin Mem, Acad. Memoires de I’Academie Royale des Sciences de 

,* • Berlin 

Berlin Mittlj. Ges. Naturf. Mittheilungin aus den Verhandlimgen der Gesell¬ 
schaft Naturforschendcr Eteunde za Berlin 
Berlin Mongtsber. Monatsberichte der K. Preuss. Akademie dcr Wissen- 

j sefeaften zu Berlin 

Berlin Monatsber. Ges.« Monatsberichte fiber die Verhandlungcn der Gesell- 
Erdk. ( schaft fiir Erdkunde zu Berlin • ^ 

Berlin Naturf. Freuwle Sitzungs-Berichte der Gesellschaft Naturforschendcr 
Sitzber. Freimdc zu Berlin 

Berlin Neue Zts. Geburtsk. Neue ^itschriit fiir Geburtskunde 
Berlin Physiol. Ges. Verb. See Arch. Anat, Physiol 

Berlin Physik. Reichsanst. Wissenschaftliche Abhagidlungen der Physikaliscb 
Abh. Technischen Reichsanstalt < • 

Beilin Verb. Med. Ges. Verhandlungcn der Berliner medicinischen Gesell- 
• < schaft 
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• 

Berlin Zool. Mns. Mitth. Mittheilungen au^ der Zoologischen Samiiilimg dcs 
Museums fur lAturkunde in Berlin • 

Berlin Zts. Erdk. Zeitsehrift der Gesellscbaft fiir Erdkundc zu BWlin 

BertiK Mitth. • Mittheilungen der Naturfonschen^en Gesellscbaft in 

Bern 

Berwick* Natur. Club Hist. History *f the Berwickshire Naturalists’ Club 
Berz. Jahr. Chem. Berzelius Jahresberichte dan Chemie 

Besancon, Mem. Soc. Emul. Met^ires et Comptgs ^endus de la .Societc (bibre) 
• * a d’Emulation (|^u Doubs 

Besancon, Seances Publ. Seances publiques de I’Academic des Sciences, Arts, 
et Belles-Lettres de Btsancon 

Beton Eisen Beton und Eisen , • 

Betterave Betteiavc 

Beziers sSc. Sci. Bidl. Bulletin de la Soci6t6 d’lCtude des Sciences Naturelles 
de Beziers • 

Bianconi, Rep Ital.« Repertorio Italiano Per la Storia t^aturalc* ■ 

Bibl. Anat. Bibliographic Anatouliquc. Revifc des Travatix cii 

languc francaise. Anatomic, Histologic. Embryo- 
ologie. Anthropologie* 

Bibl. Bot. Bibliotheca Botanica. Abhaadlungen aus dem 

Gesammtgebiete dcr Botanik < 

Bibl. Brit. Bibliotheque Britannique, on Recucil extrait de^ 

Ouvrages Anglais periodiques et autres; partie des 
Sciences et Arts 

Bibl. Ital. Giomale dell' I. R. Istituto Lon^gardo di Scienze, 

Lettere cd Arti, e Bihlioleca Itatiana 

Bibl. Math. Bibliotheca Mathematica. Zeitsehrift fiir Geschichte 

der Mathematik. Journal d^istoire dcs Mathe- 
matiques. Bibliotheca Mathematica. Zeitsehrift 
fOr Geschichte der mathematischen Wissenschaften 
Bibl. Univ. Bibliotheque yiiiverselle des Sciences, Archives des 

Sciences Physiques et Naturelles 
Bibl. Zool. Bibliotheca Zoologica 

Bied. Zentr. Biedermann’s Zentralbiatt fiir Agrikulturchcmic und 

rationellen,]»andwirtschafts-Betriob 
Bierbrauer Der Bierbraue* 

Bijdr. tot de Dierkunde Bijdragen tot de Dierkunde 

Biochem. Bull. Bioebemiem Bulletin 

^iochem. J. The Bio-Chemical Joiunal 

Biochem. Zentr. Biochemisches Zentralbiatt, Leipzig . 

Biochem. Zts. Biochemisehe Zeitsehrift * 

Biol. Bull. Biological Bulletin 

Biol. Zentr. Biologisches Zentralbiatt 

Biophys. Zentr. Biophysikalischcs Zentralbiatt, Leipzig 

Birmingham Natur. Hist. & See Midland Uatlist Trans. 

Micro. Six. Trans. 

Birmingham Phil. Soc. Proc. Proceedings of the Birmingham Philosophical Sexiely 
Blankenburg, Ber. Berichte des NaturwissenschafUjchcn Vereins des 

Harzes zu Blankenburg • 

Blat<?r^lech-Arb. Deutsche Blatter fiir Blecharheiter 

Blatter Kunstgew. Blatter fiir Kunstgewerbe • , 

Blotter Zuakerrilb. Blatter fiir Zuckerr^benbau 

Bleekrode, Nieuw Tijd- Nieuw Tijdschrift gewijd aan alle takkeu van Volk- 

Sphrift svlijt, Nijverheid, Landbouw, Mijnwezen, Handel, 

^poorwegen, Telegraphie en &heepvaart 
Blois, Mem. Sex. Bci. • Memoires de la Socifiti des Sciences et des Lettres 
de Blois 

Blois, Soc. Loir et Cher Memoires de la Sexiito des Sciences et Lettfes de 
Mem. . Loir et Cher , 
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Boerllaave Boerhftave 

Bohm.^Ges. A'oh. Abhanilungen der Kiiniglich Bohmisclien Gescll- 

schaft der Wissenschaften 

Bohm. Ges. Wiss. jAhr. • Jahresbericht der konigl^ bohm. Gesellschal^ dcr 
Wissenschaften 

Bohm. Monatschr. Ges. Mopatschrift dts Gesell^chaft des Vaterliilidischcn 
Mus. • • Museums in Biihmen 

Bol. P. Jloljvia Patent * 

Boll. chim. farm. Bolletiny chimico farmaceutico, jdilan • f 

Boll, estac. agr. Ciudad Boletin de la cstacion agricola experimental de Ciudad 
Juarez « Juarez 

Boll, itrgen. . Boletin de ingenieros 

Boll. Natur, Siena BoUettino del Naturalista Collettore, Allevatore, 

Coltivatore •• 

Bologna Accad. Sci. Mertl Memorie della (R.) Aceademi delle Seienze dell’ 
* ' Istituto di Bologna . 

Bologna, Mem. Init. Naz. Memorie dell’Istituto Nazionale Italiano 
Ital. 

Bologna, Mem. Soc. Med. Memorie della Societa Medica di Bologna 

Bologna, Mem. Soc. »Med. Memorie della .Societa Medico-chimrgica di Bologna 
Chir. • 

,Bologna,'Nov. Comment. Novi Commentarii Academiae Scientiarum Instituti 
Bononiensis 

Bologna, Opusc. Opuscoli della Societa Medico-chirurgica di Bologna 

Bologna, Opusc. ^i. Vipuscoli Scientifici 

Bologna, Opusc. Sci. N. Coll. Nuova collezionc d’Opuscoli Scientifici 
Bologna Rend. ^ Rendiconto delle Session! dell’ Accademia Rcale delle 

Seienze dell’ Istituto di Bologna 

Bombay, Agric. Hort. Soc. Proceedings of the Agricultural and Horticultural 
Proc. Soctety of Western India 

Bombay Govt. Records Selectioiftrfrom the Records of the Bombay Govern¬ 
ment 

BomBay, Med. Phys. Soc. Transactions of the Medical and Physical Society of 
Trans. Bombay 

Bombay Natur. Hist. Soc. The Jour*^ of the Bombay Natural History .Society 
J- « 

Bombay, Roy. Asiat. Soc. The Journal,of the Bombay Branch of the Royal 
J. Asiatic Society 

Bone, Acad. Hippone Bull. Bulletin de I’Acadcmie d'Hippone , 

Bonn, Corresp. ^latt Nat. Correspondenzblatt des Naturhistprischen Vercins fiir 

Hist. Ver. Rheinland und Westphalen 

Boiin, Niederrhein. Ges. Sitzungsberichte der Niederrheinischen Gesellschaft 
Sitzber. fur Natur- und Heilkunde zu Bonn 

Bonn, Uiftersuch. Physiol. Untersuchungen aus dem physiologischen Labora- 
Lab. , toriumwu Bonn 

Bonn, Verb. Naturhist. Vcrhandlungen des Naturjiistoriscjien Vereins der 
Ver. . Preussischen Rheinlande und Westphalens 

Bonplandia , Banplandia 

Bordeaux, Acad. Ski. Seances publiques de I’Academie Royale des Sciences, 
Seances Publ. . Belles-Lettres, et Arts de Bordeaux e * 

Bordeaux, ActesAcadr Sci. Recueil des Actes de I’Academie des Sciences, Belles- 

Lqf.tres, et Arts de Bordeaux v 

Bordeaux, J. Med. Journal de Medecine de Bordeaux 

Bordeaux, J. Med. Prat. Journal de Medecine pratique, ou Recueil des Trqv^ux 
de la Soci6t4 de Medecine de Bordeaux 
Bordeaux, Mem. Soc. Med. Memoires et Bulletins de la. Soci^ii Medico- 
CWr. Chirurgicale des Hopitaux et Hospices de Bordeaux 

Bordeaux, Mem. .Siic. Sci. Memoires de la Society des Sciences Physiques et 
•Phys. Naturelles de Bordeaux 

9 
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• 

Bordeaux, Soc. Linn, Actes 
Bordeaux, Soc. Linn. Bull. 

Bordeaux, ,Soc. Med. Mem. 

■% • 

Bordeaux, Soc. Sci. P.-V. 

Bomemann, Dor Ingcnicur 
Boston J. Phil, 
ioston J. Natur. Hist. 
Boston Med. Surg. J. 
Boston, Mem. Amer. Acad. 

Boston, Mem. Natur. 
Hist.^oc. 

Boston Pap. Soc. Natur. 
Hist. 

Boston, Proc. Natur. Hist. 
Soc. 

Boston Soc. Med. Sci. J. 
Bot. Centr. 

Bot. Centr. Beihefte 
Bot. Cong. Proc. 

Bot. Gaz. 

Bot, Jahr. (Engler) 

Bot. Mag., Tokyo 
Bot. Notiser 
Bot. Tidsskr. 

Bot. Untersuch. 


Bot. Untersuch. (Brcfcld’s) 

Bot. Ver. Gesamtthuringen 
Botan. Ztg. 

Bot. Zentr. 

Botaniste 

Bouchardat, Archiv. 

Boue, J. Geol. 

Boulogne, Mem. Soc. Agric. 

Bourse cuirs Liege 
Brandcnb. Bot. Ver. Verh. 

Brass World 
Braunk. 

BraSnschw. Ver. Naturwiss, 
Jahr. 

Braz. Bl 
Bremen Abh. 

• • 

Brenn. Ztg. , 

Brera, Giom. Med. Qrat. 
Brera, Nuoyi Comment. 
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Actes de la Society Linneenne 4e Bordeaux 
Bulletin d’Histoije Naturelle de la Soci4t^ IJmieenne 
Bordeaux • 

Memoires et Bulletins de la Soci6t4 Sc Medpeine et 
de Chinirgie de Bordeaux 

Proccs-Verbaux des Seance? de la .Societ4 des Sciences 
Physiques et Naturellcs de Bordeaux 
Der Ingenicur ' 

'fhe Boston Journal of Pnilosophy and the Arts 
Boston Journal of Nattiral History 
Boston Medicdl and Surgical Journal 
Memoirs of the American Academy of Arts and 
Sciences 

Memoirs read before the Boston Society of Natural 
History 

Occasional papers of the,Boston Society of Natural 
History ,. 

Proceedings of the Boston Sociejy of Ns^tural History 

Journal of the BostoUiSociety of Medical Sciences 
Botanisches Ccntralblatt. Refjrircndes Organ ftir das 
Gesammtgebiet der Botanik des In- und Auslandes 
Beihefte zum Botanischen CcntralblStt 
The International Horticultural ExhibitiSn and • 
Botanical Congress: Report of Proceedings 
The Botanical Gazette 
Botanischc Jahrbiicher, Engler, Leipzig 
The Botanical Magazine, Tokyo 
Botaniska Notiser • ' 

Botanisk Tidsskrift udgivet af den Botaniske Eorening 
i Kjobenhavn 

Botanische Jlntersuchungen aus dem Physiologischen 
I<aboratormm der landwirthschaftlichcn I,ehranstalt 
in Berlin , 

Untcrsuchung^ aus dem Gesammtgcbiete der 
Mykol(wi^ 

See Jena Gsogr. Ges. Mitth. 

Botanische Zeitung 
Botanisdhes Zentralblatt 
Le Botaniste 

Archives de Physiologic, de Therapeutique, et 
d’Hygiene > 

Jounial de Geologic » 

Memoires de la Socift6 d’Agrfculture, etc., de 
Boulognc-sur-Mer 

Bourse au:^cuirs de Liege, bulletin heb^omadhire 
Verhandlungch des b^nischen Verwns fiir die 
Provinz Brandenburg 
Brass World and Raters Guide, The • 

Braunkohle , • 

Jahresbericht des Vereins fiir Naturwissenschaft zu 
Braunschweig ,* 

Brazilian Patent * 

Abhandlungcn Htrausgegeben vom Naturwissenschaft- 
lichen Verein zu Bremen 
Brennerei Zeitung 
Giomale di Medicina Pratica 
Nuovi Commentari di Medicina 



xl LIST OF ABBri AVIATIONS TO LITBRATURE . 


Brescia, Comment. Ateneo Commentarj della Accademja di Scienze, I/Cttre, 6d 
<■ deir Ateneo di Brescia 

Breslau, Ann. Klin. Inst. Annalen ’des Klinisch-chirurgischen Instituts auf der 
Universitat zu Breslau 

Breslau, Bot. GartenArb. Arbeiten aus dera Kbnigl.* Botanisclien Garteir zu 
Breslau 


Breslau, Gewerbebl. Breslauer Gewerbsblatt a 

Breslau, Jahr. Schles. Ver.- Jahrbuch dcs Schlesischen Vereins fiir Berg- und 
Berg. . Hiittenwesen 

Breslau, Schles. Ges. Jabresbericht des Akademischen Naturwissenschaft 
Jahr. lichen Vereins zu Breslau 

Breslau, Studien Physiol. Stjdien des Physiologischen Instituts zu Breslau 
Inst. , 

Breslau, Zts. Klin. Med. Zeitschrift fiir Klinische Medicin ^ 

Brest Soc. Acad. Bull. Bulletin de la Societ6 Academique de Brest 

Brewers J. (Lon.) Brewers Journal and Hop and Malt Trades Review, 

The (London) 

Brewers J., M Y. .! Brewers Journal, New York 
Brick Brick 

Brick J. Briok, Pottery and Glass Journal 

Brick and Clay Record ,. Brick and Clay Record 

Brighton, Proc. Natur. Reports and Abstracts of the Proceedings of the 
Hist. ‘ Brighton and Sussex Natural History Society 

Blistol Proc. Nat. Soc. Proceedings of the Bristol Naturalists’ Society 
Brit. Assoc. Rep. Report of the Meetings of the British Association for 

the Advancement of Science 
Brit. Clay Worker British Clay Worker, The 

Brit. Food J. British Food Journal 

Brit. For. Med. Chir. Rev. British and foreign Medico-Chirurgical Review 
Brit. Inst. Publ. Health Sec J. State Med. 

Brit. J. Almanac British Jbumal of Photography Almanac 

British J. Dent. Sci. The Britishtjioumal of Dental Science 

Brit. J. Phot. British Journal’of Photography 

Brit. Med, J. British Medical Journal 

Brit. Mycol. Soc. Trans. The British Mycological Society. Transactions 
Brit. Pharm. Confer. Proc. Proceedings jhe British Pharmaceutical Conference 
Brit. Pharm. Confer. Trans. Year Book of Pharmacy, comprizing Abstracts of 
Papers. With the Transactions of the British 
Pharmaceutical Conference 

Brit. Colon. Drug. British and Colonial Druggist, London 

Brit. Guiana Agr. Soc. See Timehri ■ 

Brit. Guiana P. ' British Guiana Patent 

Brit. Hond. P. , ' British Honduras Patent 

Brooklyn Entom. Soc. Bulletin of the Brooklyn Entomological Society 
Bull. , 

Brosche* Zts. Zeitschrift fii* Natur- und Heilkunde 

Broussais, Anh. Annales des la Medicine Physiologique ’> 

Brown-Sequard, J. Physiol. Journal de la Physiologie de I’Homme et des Animaux 
Brugnatelli, Giorn. Giomqje di Fisica, Chimica, e Storia Naturale 

Brunn Verb. * .Verhandlungen des Naturforschenden Vereines^ /fi 

, Briinn 

Brux. Acad. Bull. , .Bulletins de I’Academic Royale des Sciences, etc., de 

Belgique , * . . 

Brux. Acad. Cent. Anniv. Centieme Anniversaire de Foundation de I’Academie 
Royale de Belgique • c 

Brux. Acad. Med. Bclg. Bulletin de I’Academie Royale de Medecine Belgique 

Bull. r . . a 

Brux, Acad. Sci. Mem. Nouveaux memoires de I’Academie Royale, des 
s « Sciences et Belles-lettres de Bruxelles 
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Bhix. Actes Soc. Med. Act^ de la Soci^U Medicate de.Bruxelles 
Brux. Ann. Soc. Entom. Annales de la So«i£t£ Entomologique Beige • 

B^e • , 

Brux. Ann. Soc. Malacol. Annales de la SociH£ Malacologique de Belgique 

BtHK. Ann. Trav. Pub. - Annales des Travaux Pub|^ de^Belgique 
Brux. ^n. Univ. Belg. Annales des Universites de Belgique 

Brux. Bull. Beige Phot. Bulletin Beige de la Photographic 

Brux. Bull. Soc. Bot. Bulletins de la Sociit^a ^oyale de Botanique de 

* Belgique , 

Brux. Congr. Botrict. Actes du Coijgres de* Botanique horticole reuni a 
Bruxelles 

Brux. Congr. Bot. (C. R.) Congres de Botanique at d’Horticulture de 1880 tenu a 
Bruxelles , 

Brux. Med. Journal de Medecinc, de Chirurgieret de Pharma¬ 

cologic 

Brux. J". Soc. Centr. Agric. Journal de la Soci4t6 sCentrale d’AgricuIture de 

• Bel^que a • ■ 

Brux. Mem. Couronn. Memoires Couronnes et Mesnoires des Savants 
Entrangers 

Brux. Mus. Congo Ann. Etat Independant dw Congo. Annales du Musee du 
Congo, publiees par ordre du Secretaire d’Etat 
Brux. Mus. Hist. Natur. Annales du Musee Royal d'HistOfie Naturclle de 
Ann. Bel^que , 

Brux. Mas. Hist. Natur. Bulletin du Musee Royal d’Histoire Naturellc tie 
Bull. Belgique 

Brux. Mus. Hist. Natur. Memoires du Musee ‘Royal d’Histoire Naturelle de 
Mem. Belgique * 

Brux. Soc. Agric. Joum. Journal de la Soci4t6 Centrale d'AgricuIture de 

Belgique • 

Brux. Soc. Beige Micro. Annales dc la SocMt4 Beige de Microscopic 
Arm. 

Brux. Soc. Beige Micro. Bulletin (d^ Seances) de la Soci4t4 Beige de 

Bull. Microscopic 

Brux. Soc. Entom. Ann. Annales de la Soci4t4 Entomologique de Belgique 
Brux. Soc. Entom. Mem. Memoires de la Soci4t4 Entomologique de Belgique 
Brux. Soc. Liim. Buil. Bulletin de ja Soci4t4 Einneenne de Bruxelles 
Brux. Soc. Sci. See Rev. Quest. Sci. 

Brux. Soc. Sci. Ann. Annales de la Soci4t4 Scientifique de Bruxelles 

Bucarest. Acad. Rom. Anal. Analele Academiei Romane 

Bucarest Soc. Sci. Bui. Buletinul Societatii de Sciintc (Fizice, Fixica, Chimia si 
Mineralogia) din Bucturesci-Romania. Bulletin de 
la Soci6t4 des Sciences, BucarSst-Roumanie 
Buchbolz See Annab.-Buchh. Ver. Nat. jber, 

Buda, Evkdnyvei A’- Magyar Tudos Tarsasag’ Evkdnyvei (Year Books 

of the Hungarian Scientific AssociatioR) 

Buda, Palyamunkak. Termeszettitdomanyi Palyammikak * 

Buda, Tudomanytar. Tudoman 3 rtar K6zre boesatja a’ Mdgyar Tudos 
Tarsasag 

Buffalo Bull. Bulletin of the Buffalo Society of Natural Sciences 

Byilder The Builder • * 

Buhxnzorg Inst. Bot. Bull, ’s Lands Plantentuin. Bul|ptin de I'lnstitut Botanique 
de Buitenzorg • , 

BuitenzBrg Jard. Bot. Ann. Annales du Jarto Botanique de Buitenzorg 
Bull. Acad. Med, Bulletin of the Academy of Medicine 

(Bull. Acad. rpy. Belg. Academie royale de Belgique; Biilletin de la Classes 
• des Sciences 

Bull. Acad. Set, Craoow. Bulletin international de I’Academie des Sciences de 
Cracovie 
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Bull, Acad Sci., PetroKrad Bulletin de I’Academie Imperiale des Sciences de 
• Petrc*rad 

Bull. Amer Inst. Min. Bulletin^American Institute of Mining Engineers 

Bull. Amer. I'Batm. Atssoc , Bulletin of the American Pfiarrnaceutical Associrfiion 
Bull, assoc, chim. suer. Bulletin de I'assocfation des chemists de sjicrerie 
dist. distillerie de FrSnee » 

Bull. Bur. Agric • r.Bulletiu of the Bureau qi Agricultural Intelligence and 

^f plant Diseases 

Bull. Bur. Chem, U. S. Bulletins, .Bureau of Chemistry, U.»S. Department di 
Dept. Agric. Agriculture 

Bull. Bur, Mines Bftreau of Mines Bulletin, Department of the Interior 

Bull. Bun Standards Bulletin of tiic Bureau of Standards 

Bull. Col. School Mines Bulletin of the Colorado School of Mines ,, 

Bull. Dept. Agric. Jamaica Bidletin of the Department of Agriculture, Jamaica 
Bull. Dept. Agric. Trinidad ' Bulletin of Agricultural Information, De])artment of 
■' , Agriculture, Trinidad • 

Bull. Geol. •Inst. Univ. Bulletin of the Geological Institute of the University 
Upsala of Upsala 

Bull. Geol. Soc. Amer. BuKetin of the Geological Society of America 
Bull. Hyg. Lab. « Bulletins of the Hygienic Laboratory, United .States 

, Public Health and Marine Hospital Service 

Bull. Imp. Inst. Bulletin of the Imperial Institute, London 

Bull. Iron Assoc. Bulletin of the American Iron and Steel Association 

Bull. Johns Hopkins Hosp. Bulletin of Johns Hopkins Hospital 
Bull. Mass. Inst. Tech. Bidletin of the Massachusetts Institute of Technology 
Bull. Med. Beige. ' Bulletin Medical Beige. 

Bull. Musee Bulletin du Musee de I’industricllc dc Belgique 

Bull. Pharmacie *' Bulletin de Pharmacie 

Bull. Pharmacy Bulletin of Pharmacy 

Bull. Pharm. Sud-est Bulletin de Pharmacie du .Sud-est, Montpellier 

Bull. Sci. Prance Belg. Bulletin Sci^njitique dc la Prance et de la Belgique 

Bull. Sci. Nord Bulletin Scientifique, Historique et Litteraire du 

«• Department du Nord et des pays voisins 

Bull. ScLpharmacolog. Bulletin des Sciences pharmacologiques 

Bull. Soc. Bot. France Bulletin de U .Societc Botanique dc Prance 

Bull. Soc. Bot. Belg. Bulletin de laSSociete Royalc de Botanique de Belgique 

Bull. Soc. Chim. Bulletin dc la Sqciet6 Chimique de Prance 

Bull. Soc. Chim. Belg. Bulletin de la Soci^t6 Chimique de Belgique 

Bull. Soc. Encourag. Bulletin dc la Soci^t^ d’Encouragement 

Bull. Soc. franc. Mineral. Bulletin dc Id Society Francaisc de "Mineralogic 

Bull. Soc. franc. Phot. Bulletin de la Society Francaisc de Photographic 

Bull. .Soc. geol. France* Bulletin de la Soci6t6 gcologique dc France 

Bull. Soc. Ind. Amiens Bulletin de la .soci^t^ industrielle d'Amiens 

Bull. Sqc. Ind. Marseille Bulletin de la .Societe industrielle de Marseille 

Bull. Soc. Ind. Minerale Bulletin de 1* societe de I’industric mineralc 

Bull. Soc. In3, Mulh. Bulletin dc la societe industrielle de Mulhouse 

Bull. Soc. Injl. Nord Bulletin niensucl de la societe industrielle du Nord 

Bull. Soc. Ind. Rouen , Bulletin de la soci^t^ industrielle de Rouen 

Bull. Soc. intematl. elect. •Bulletin de la .Society Internationale des electrifi«jis 

Bull. Med. Amiens , Bulletin des Travaux de la Soei6t6 Medicale d’Amiens 
Bull. Soc. med. Gand . • Bulletin de la Soci^t6 de Medecine de Gand 

Bull. Soc. Mycol. Bullctin^e la Soci^ti Mycologique de Franc® 

Bull. Soc. pharm. Bord. Bulletin de la soci^t^ pharmacie de Bordeaux 

Bull. Soc. phot. Belg. Bulletin dc la Society photographique de Belgique • • 

Bull. Soc. Romane Stiin. Buletinul societatii Rornane de Stiinto 
Bull. Soc. roy. pharm. Bulletin dc la societe de pharmasie de Bruxelles royale 

Bull. Soc. sci. med. Rennes Bulletin de la- soci^t£ scientifique et medicale de 

« « I’ouest, Rennes 
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Bull. Soc. vaudoise ■ 

Bull. Torrey Bot. Club 
Bull. Vulc. Ital. , . 

% ' • 

C.A., 

Cabanis, J. OrnithoL 
Cadiz, Period. Mens. Cien. 

Caen, Acad, Mem. 

• • 

Caen, Bull. Soc. Linn. 

Normandie • 

Caen, Mem. Soc. Linn. Memoires dc la Soci^te Linneennc dj Norniandic 
Normandie 
Caen, Travaux 
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Bullptin de la Soci6t6 vaudois^dcs Ingenieurs et des 
Architects • * 

Bulletin of the Yorrey Botanical Club, New York 
Bullettino del Vulcanismo Italiano (e di Oeoditiamica 
generale) • • 

Chemical Abstracts 
Joum!ll fiir Omithologie 

Periodico mensual de Cic»aias matcmaticas y fisicas 
Memoires de I’Acajjenjie des Sciences, Belles Lettres, 
*■ et Arts de Cjien 

Bulletin de la Soci6t4 Linneene de Normandie 


Calcutta, J. Natui. Hist. 
Calcutta, Quart. J. 

Calcutta Roy. Bot. Card. 
Ann. 

Calcutta. Trans. Med. 

Phys. Soc. 

Cal. Acad. Bull. 

Cal. Acad. Mem. 

Cal. Acad. Natur. Sci. 
Proc. 

Cal. Acad. Pap. 

Cal. Min. Bur. Bull. 

Cal. Min. Bur. Rep, 

Calvados, Mem. Soc. Linn. 
Cambrai, Mem. Soc. Emul. 
Cambridge Mem. Analyt. 
Soc. 

Cambridge Mus. Comp. 
Zool. Bull. 

Cambr. Omith. Club Bull. 

Cambridge Phil. Soc. Proc. 
Cambridge Phil. Soc. 
Trans. 

Cambridge, Studies Physiol. 
Labor 

Camera Oscura 
Can. 

Can., Bot. Soc. Ann. 

Can. Chem. J. 

Drug. 

Can* Eng. 

Can. Entom. 

Can. Efltom. Soc. Rep. 

Ean. Inst. Proc. 

• 

Can. Inst. Trans. 

Can. J. 


Precis des Travaux de la Soci6t4 d’Agriculture, &c. de 
Caen • 

The Calcutta Journal of Natur^ History- 
Quarterly Journal of the Medi«)-Phy.si«al Society 
Annals of the Royal Botanic Garden, Calcutta 
• 

Transactions of the Medical and Physical Society of 
Calcutta , 

Bulletin of the California Academy of Sciences 
Memoirs of the California Academy of Sciences ' 
Proceedings of the Californian Academy of Natural 
Sciences * 

Occasional Papers of the California Academy of 
Sciences 

California State Mining Burelu. Bulletin 
(California State Mining Bureau). Report of the 
State Mineralogist 

Memoires (i:*la SocR-t^ Linneetme du Calvados 
Memoires de la Society d'Emulation de Cambrai 
Memoirs of the Cambridge Analytical Society 

Proceedings of the Museum of Comparative Zoology 
at Harvard College, Cambridge, Mass. 

Bulletin, of the Nuttall Ornithological Club. A 
Quarterly Journal of Ornithology 
Proceedings of the Cambridge Philosophical Society 
Transactions of the Cambridge Philosophical Society 

Studies from the Physiological Laboratory in the 
University of Cambridge 

La Camera Oscura: rivista periodica imivcrgale dei 
progressirdella Fotogratia 
Canadian—Canada * 

Annals of the Botanical Society of Cangda 
The Canadian Chemical Journal 
Canadian Druggist • 

Canadian Engineer, The , 

The Canadian Entomologist 

First Annual Report on the Noxious Insects of the 
Province of (^tario 

Proceedings of the Canadian Institute (Toronto, 
being a continuation of "The Canadian Journal 
of Science, Literature and History”) 

Transactions of the Canadian Institute 

The Canadian Journal of Industry, Science, und .^rt 
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Can. Naturalist The Canadian Naturalist and Geologist, and For- 

. ' ceedyigs of the Natural History Society of Montreal 

Can. P. Canadian Patent 

Can. Pft. Off. Rec. ' Canadian Patent Office Record 

Can. Phann.J. ^ Canadian Pharmaceutical t Journal and Pharmacal 
Gazette 

Can. Rec. Sci. The Canadian Record of Science, including the Pro- 

, ^ ceedings of the NaturaT History Society of Mont¬ 
real, and replacing tke Canadian Naturalist 
Can. Roy. Soc. Proc. Pvocfcedings and Transactions of ,the Royal SocieV' 
Trans. of CanSda 

Canestrini See Archivio Zool. 

Canestrini, Archiv. Archivio per la Zoologia, I'Anatomia, e la Fisiologia 

Cannes feoe. MSm. Memoires de la Socitti des Sciences Naturelles (et 

Historiques), des I,ettres et des Beaux^Arts de 
, Cannes, et de I’arrondissement de Grasse 
Cantu, Crbvaca Cronaca , 

Caout. Guttp-p. / Caoutchouc et la Gutta-percha 

Caradoc Field Club Trans. Transactions of the Caradoc and Severn Valley 

Field Club 

Cardiff Natur. Soc. Trs^ns. Cardiff Naturalists’ Society. Report and Transac¬ 
tions 

Carinthia ' See Kamten 

Garl, Rep.'Physik. Repertorium fur Experimental-Physik., etc. (Rep. 

der Physik) 

Carlsbcrg Lab. See under Kiobenh. 

Carlsruhe See Karlsruhe 

Carlsruhe, Verb. Naturwiss. Verhandlungen des Naturwissenschaftlichen Vereins 

Ver. . 

Carloinisches Medico-Chir- See under Stockh. Physiol. Lab. Mitth. 
urgisches Institut. 

Cams, Zool. Anzeiger Zoologischv Anzieger 

Casopis Casopis pro* Pestovani Mathematiky a Fysiky. 

, (Jorunal for the Advancement of Mathematics and 

Physica) 

Casopis Cesketho Lekam. Casopis Cesketho Lekamitura 

Casper Vierteljahrssch. Vierteljahrs4:Iirift fiir gerichtlichc und bffentliclie 

Medicin 

Casper Wochcnsch. Wochenschrift fur die gesammte Heilkunde 

Casscl Jahr. Jahresbericht, dann Bericht, fiber die Thatigkeit des , 

Vereins fu^ Natiukunde in Cassel 
Cas.sier’s Mag. ' Cassiers's Magazine 

Castings • Castings 

Catania Atti Aced'd. Gioen. Atti dell’Accademia Gioenia di Scienze Natural! di 
Catania 

Catania Boll. Accad. Gioen. Bollettino delle Sedute della Accademia Gioenia 
Cattaneo Bibl. di Farm. Biblioteca oi Farmacia, Chimica, etc,, 

Cattaneo Giom. Farm. Giomale di Farmacia 

Cell. Ind. * Die Celluloid Industrie 

Cellule • , La clllule 

Cement Cement 

Cement Age *, Cement Age 

Cement Eng. News ‘ Cement and Engineering News 

Cement Record Cemenf Record 

Centr. Agrifc. Chem. Central-Blatt ffir Agrikulturchemie und rationell^n 

Wirthschafts-Betrieb. Referirendes Organ ffir 
naturwissenschaftUche ’Forschungea in ihrer 
Anwendung auf die Landwirtnschaft 
■ Centr. 411s- Path. , Centralblatt ffir allgemeine Pathologie 
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Cratr. Bakt. 

Centf. Med. Wiss. 

Centr. Mineral. 

Ceiftr. Papierfabr. * 

Centr. J’ath. 

Centr. Physiol. 

Centr. Text. Ind. 

(Sentr. Zuckerind. • 
Centrztg. Optik. 

Ceramique 

Cette St^t. Maritime 

Cey. P. 

Chamb. Comm. J. 
Chambery Mem.* Acad. 
Savoie. 

Charentc-Inf. Soc. Sci. 

Ann. 

Charfcoff. 

Charleston Med. Joum. 
Charleston South J. Med. 
Chem. Age 
Chem. Centr. 

Chem. Coll. Reports 

Chem. Drug. 

Chem. Drug. Australasia 
Chem. Eng. 

Chem. Gaz. 

Chem. Ind. 

Chem. Listy 
Chem. News 

Chem. Pharm. Centr. 
Blatt. 

Chem. Rev. 

Chem. Rev. Fett-Harz-Ind. 
Chem. Tech. Mitth. 

Chem. Tech. Rep. 

Chem. Tech. Neuzeit 
Chem. Tech. tJbers. 

Chem. Tech. Ztg. 

Chem. Trade J. 

Chem. Weekbl. 

Chem. World 
Chem. Zentr. 

CJ^. Ztg. 

Chem. Ztg. Rep. 

Chem. Zts. 

Chemistf 
Chemnitz Ber. 

• • 

Cherbourg, Mem. Soc. 

Acad. * • 

Cherbourg, Mem. Soc. 

Sci. 


Centralblatt fdr Bacteriologie und Parasitenkunde 
Centxalblatt fur die medicinisclien Wissenschaften 
Centralblatt ftir’Mineralogie, Geologi* und Palaeon- 
tologie • 

Centralblatt ftir Papierfabrjjcatioit 
Centralblatt fur Allgemeine Pathologic und Patholo- 
giseW Anatomic 
Centralblatt ftir Physiologja 
Centralblatt fur die.Tejtil-Industrie 
Centralblatt fiif die Zuckerindustrie 
Central-Zeitung fiir Optik und Mechanik (Elektro- 
technik und verwantRe Berufszweige) 

Ceramique, La ,, . 

See Montpellier Inst. Zool. Trav. 

Ceylon Patent 

Chamber of Commerce jOTmal 

Memoires de la Societe Acaden^que de Savoie. 

• 

Academic de la Rochelle. Societe des Sciences 
Naturellcs de la Charente-Inferieure. Annales 
See Kharkov. • 

Charleston Medical Journal and Regiew 
The Southern Journal of Medicine 
Chemical Age 

Chemisches Centralblatt (1830-1906). 

Reports of the Royal College of Chemistry, and Re¬ 
searches conducted in the Laboratories 
Chemist and Druggist, London 
Chemist and Druggist of Austfalasia 
Chemical Engineer 
Chemical Gazette, The 
Chemische Laflustrie 
Chemicke Listy 
Chemical News 

Chcmisch-pharmaceutisches Ceiitral-Blatt 

• • 

The Chemical Review 

Chemiseffe Revue fiber die Fett-und Harz-Industrie 
Eisner’s Chemisch-Tcchnische Mittheilungen 
Chemisch-Tcchnisches Repertorium (Jacobsen 1863- 
1901) 

Chemische Technologic der Neuzeit 
Chemisch-Technische Obersicht (suaplement to Chem. 
Ztg.) 

Chemiker-und Techniker-Zeitung • , 

Chemical 'liia_de Journal and Chemical Engineer 
Chemisch We^blad * 

Chemical World, The , 

Chemisches Zentralblatt (1907-) 

Chemiker-Zeitung • 

Repertorium der Chemiker^eitung 
Chemische Zeitschrift • , 

The Chemist 

BericEt der Namrwissenschaftlichcn Gesellschaft zu 
Chemnitz 

• Memoires de la Soci£t4 Academique de Cherbourg 

Memoires de la Soci£t£ Imperialc des Science 
Naturelles de Cherbourg • 
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Cherbourg Soc. Sci. Natl. 

Metti. \ 

Chester Soc. Sci. Proc. 

i. 

4 . 

Chicago Acad. ,Sci. Bull. 
Chicago Ac3d. Sci.* Bull'. 

Nat. Hist. Surv. 

Chicago Acad. Sci. Trans. 
Chicago Entoin. Soc. Mem. 

Chicago Field Cohimb. 

Mus. Publ. 

Chile, Analcs Univ. 

Chile P.‘ 

Chili Soc. Sci. Act. 

Chim. et InJ. 

Chimiste * 

Christiania, Forh. 
Christiania, Norsk Mag. 
Christiania Skr. (Math.- 
Nat. Kl.) 

Christiania, Univ'ers. Lab. 

« 

Chron. ind. 

Chur, Jahresbor. Naturf. 


Memoires de la Soci4t4 Nationale des Scienaes 
Naturelles et Mathcmatiques de Cherbourg 
Proceedings of the Chester Society of Natural Science 
(and Literature) 

Bulletin of the Chicago Acldeniy of Sciences ^ 
The Chicago Academy of Sciences. Bulletin... of the 
Natural Historji Survey ‘ 

Transactions of the Chicdfeo Academy of Sciences 
‘ Occasional Memoirs <// the Chicago Entomological 
‘Sotiety , r 

Publications of the Field Columbian Museum 

Anales de la Universidad de Chile 
Chilean Patent 

Actes de la ,Soci£t4 Scientifique du Chili (AcRft de la 
, Sociedad Cicntifica de Chile) 

Chimie et Industrie , 

Chimiste, Le 

Forhandlinger i Videnskabs-Selskabet i Christiania 

Nqrsk Magazin for Laegevidenskaben 

Skrifter udgivne af Videnskabsselskabet i Christiania. 

Mathematisk-naturvidenskabelig Klasse 
Das chemische Laboratorium dcr Universitiit Chris¬ 
tiania 

Chronique de I'industrie 

' Jajiresbericht dcr Naturfor.schenden Ocsellschaft von 


Gesell. 

Ciment 

Cincin. Soc. Natur. H'st. 

Cistula Entom. 

Civil Eng. Inst. Trans. 
Civil Eng. J. 

Civilingfiiieur 
Clay Worker 

Clermont, Mem. Acad. 
Sci 

Cleveland Med. J. 

Clin. Soc. Trans. 

Coblentz, Jahr. bot. Ver. 

Cohn, Beitr. Biol. Pflanz. 
Coimbra, Inst. 

Coimbra, Soc. Brdtcr. Bol. 
Col. P. 

Colleghim 

Colliery Guardian 

Colmar Soc. Hist. Natur. 
Bull. 

Colombia, Contrib. 
Colombo 

Colorado Sci. Soc. Proc. 
Comment. Fauna &c. Ven. 
Trent. 

Compt. rend. 


Graubiindten in Chur 
Ciment, Le 

The Journal of the Cincinnati Society of Natural 
History 

Cistula Entomologica 

Transactions of the Institution of Civil Engineers 
The Civil Ehgineer and Architect's Journal, etc. 

Dcr Civilingenieur 
Clay Worker, The 

Memoires de I’Acadcmie des Sciences, Belles Lettres, 
Arts de Ctelmont-Ferrand 
Cleveland hledical Journal 
Transactions of “the Clinical Society of London 
Jahresbericht des botanischen Vereines am Mitten 
und Niedcrrheine, mit botanischen Abhandlungen 
Beitrage zur'Biologic der Pflanzen ' 

O Institute, journal scientifico et lettcrario 
Sociedadc Broteriana. Bolctim Anual 
Colombian Patent 

Collegium (&icntific technical supplement to Lcder- 
markt) 

Colliery Guardian and Journal of the Iron and Coal 
Trades 

Bulletin de la Soci4t4 d'Histoirc Naturclle de Colmar 

• • 

Contribuciones de Colombia a las Cicncias i a las 
Artes 

See Cej4on 

Proceedings of the Colorado Scientific Society ,, 
Commentario della Fauna, Flora e Gea del Veneto e 
Trentino * . • 

Comptes rendus hebdomadaires des Seances de 
I’Academie des Sciences 
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Compt. rend. Assoc. Franc. 

Compt. rend, mincrale 
Compt. rend. Soc. biol. ^ 

Compt. rend. trav. lab. 
Carlsberg 

Concrete , 

Concrete Age 
•Concrete Constr.«Eng. 
Concrete Eng. 

Conegliano Scuola Vit. Knol. 
Aiyi. 

Conegliano Scuola Vit. 

Enol. N. Rassegna 
Conegliano Scuola Vit. 
Enol. Riv. 

Cong. P. 

Congr. Anthropol. Compt. 
Rend. 

Congr. Bot. Crittog. .Atti 

Congr. Bot. Int. Atti 
Congr. Int. Bot. Bull. 

Congr. Intcmatl. Ilortic. 
Bull. 

Congr. Intcmatl. Med. 
Atti 

Congr. Interaatl. Med. C. R, 

Congr. Intcmatl. Sci. Med. 
C. R. 

Congr. Intcmatl. Zool. 

(C. R.) 

Connecticut, Acad. Mem. 

Connecticut Acad. Trans. 

Contrib. Biol. Veg. 
Copenhagen 
Copenhagen 
Copenhague, R^sum^ 

Cordoba, Acad. Bol. 

Cordoba Acad. Ci. Act. 

Com Trade J. 

Cornwall, J. Roy. Inst. 
Cornwall Poly. Soc. Rep. 
ComwaM, Poly. Soc. 
Trans. 

^orresp. Blatt. Schweiz. 

Aerzte • 

Corresp. Blatt^ahn.. 
Cosmos 


Association Francaise pour Sciences. 

Compte Reqjfh de la R (-12«) Session; 1872-83 
Comptes rendus de la Socikd de rin(fustric miiierale 
Coraptes rendus des seances et memoircs dc la Soci4t6 
de biologic, Paris • • 

Comptes rendus du travaux du laboratoire de Carls- 

bei^ 

^Concrete • • 

’Concrete Age > , 

Concrete and Constmctional Engineering 
Concrete Engineering (no longer published separately. 

Combined with Cefiicnt Age) 

Annali della R. Scuola di Viticolttira e di Enologia 
in Conegliano 

Nuova Rassegna di Vil^oltura de Enologia della R. 
Scuola di Conegliano ' 

La Rivista. Periodico (quindicinale, OVgano) della 
R. Scuola di Viticoltura c di Enologia*(c del Comizio 
Agrario) di Conegliano 
Congo Free .State Phtent 

Congres international d’Anthfopologic et d’Archeologie 
prehistoriques. Comptes Rendus 
Societa Crittogamologica Italiana. Atti dfel Congrasso 
Nazion,ale di Botanica Crittogamica in Parma 
Atti del Congresso Iqtemazionale di Genova 
Bulletin du Congres International de Botanique et 
d’Horticulture reuni a St. Petersbourg... 

Bulletin du Congres Interpptional d’Horticulturc a 
Bmxelles 

Atti deir XI. Congresso Medico Intemazionale 

. Comptes-Rfndus du XII Congres International de 
Medecine ^ 

Congres Periodique International des Sciences Medi- 
cales. Corapte-Rendu 
Congres International de Zoologie 
• 

Memoiis of the Connecticut Academy of Arts and 
Sciences 

Transactions of the Connecticut Academy of Arts and 
Sciences 

Contribuzioni alia Biologia Vegetale 
See Kjobenhavn. • 

See Congr. Int. Sci. Med. C. R., 1884 
Resume du Bulletin de la Soci^t^ Royaft Danoise des 
Sciences • 

Boletin dc la Academia Nacional de Ciencias Exactas 
existentc en la Universidad de Cordoba 
Actas de la Acadenna Nacional dc Ciencias cn Cordoba 
Cora Trade Journal * 

Journal of the Royal Institution of Cornwall 
Royal Cornwall Polytechflie Society, Annual Report 
Reports and Tjginsactions of the Royal Geological 
Society of Cornwall 

Correspondenz-Blatt fiir Schweizer Aerzte 

Correspondenzblatt fiir Zahnarzte 

Cosmos: Revue Encyclopedi^uc hebdoma^airc 
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Costa, Oorrisp. Zool. ' Corrispoijdenza Zoologica, dcstinata a diffondere nel 
regno delle Due Sicilie tutto cio che si va discuop- 
lendo entro e fuori Europa (e vice-versa), ris 
^ guardante la Zoologia in gosierale 

Cotteswold Club Proc. '^Proceedings of the Cotteswold Naturalists’ Fi?Id 
Club .. • 

Cracovie Acad. Sci. Bull , bulletin International de I’^cademie des Sciences de 
Cracovie o 

Cracow ' See*Krtikow 

Crell. Ann. Chemische Annalen fur die Freund? der Naturlehre,* 

etc. 

Crichton, Puss. Samnilung. Russische SammUmg ftir Naturwissenschaft und 
Heilkunst 

Cron. med. mex. Cronica medica mexicana, Mexico •• 

Croydon Micro. Club Proc. 7’roceedings and Transactions of the Croydon Micro¬ 
scopical and Natural History Club 

Croydon Micro. Club ^ep. ' ■. Report and Abstract of Proceedings of the Croydon 
Microscopical (and Natural History) Club 
Cuba P. Cuban Patent 

Cuba, Rep. Fis. Nat. , Repertorio fisico-naturale de la isla de Cuba 
Cuir Cuir, I.e 

Cumberland. Assoc! Trans. Transactions of the Cumberland and Westmorland 
' Association for the Advancement of Literature and 

Science 

Cuyper, Rev. Univ. Revue Universelle des Mines, de la Metallurgie, &c. 

D’Alton u. Burm. Ztg. Zeitung fiir Zoologie, Zootomie, und Palaeozoologie 
Zool. 

Dan. Biol. Stat. Rep. ' Report of the Danish Biological Station to the Home 
Department (Board of Agriculture) 

Dan. P. Danish Patent 

Danzig, Neu. Schrift. Neucste Schiriften der Naturforschenden Gesellschaft 

in Danzig * 

Danzig, Schrift. .Schriften der Naturforschenden Gesellschaft in Danzig 

Darmst. Beitr. Gcol. Beitrage zur Geologic des Grossherzogthums Hessen 

und der angrenzenden Gegenden 

Darmst. Ver. Erdk. Notiz. Notizblatt d(f‘Vereins fiir Erdkunde zu Darmstadt 
und des Mittelrheinischen Geologischen Vereins 
Davenport Acad. Proc. Proceedings of Wie Davenport Academy of Natural 
Sciences 

Dax Soc. Borda Bull. (Bulletin de la) Soci4t^ de Borda, Dax (Landes) 

Delft Ecole Poly. Ann. Annalcs de I’Ecole Polytechnique d? Delft 

Delhi, Med. J. Quarterly Medical and Surgical Journal for the North- 

West Provinces 

Denison Uniy. Sci. Lab. Bulletin of (the Scientific Laboratories of) Denison 
Bull.* University ^ 

Dent. Cosmos Dental Cosmos, Philadelphia 

Dent. Digest The Dental Digest, Chicago 

Dent. Rev. ' The Dental Review 

Deut. Amer. Apoth. Zt^. .Deutsih-Amerikanische Apotheker Zeitung, New York 
Dcut. Amer. Gewerbeztg. Illustrierte Deutsch-Amerikanische Gewerbe un(^ In- 
*, dustrie-Zeitung (Newark, N. J.) 

Deut. Arch. Klin. Med. * Deutsches Archiv. fiir Klinische Medizin , 

Deut. Bot. Ges. Ber. BerichteWer Dcutschen Botanischen Gesellschaft 

Deut. Bot. Monats. Deutsche Botanische Monatsschrift 

Deut. Buchdr. Ztg. Deutsche Buchdruker-Zeitung * • 

Deut. Eisenbahn Ztg. Zeitung des Vereins Defltscher Eisenbahn-Verwalt- 
ungen 

See Zts. Elektroch. 


Deut. Elaktro. Ges. 



U3T OF 


Deut. Entom. Zts. 

Deut. Geol. Ges. Zts. 

, Deut. Gerber Ztg. 

Q(Ut. Ind. Ztg. 

Deut. Klinik 
Deuf Meehan. Ztg. 

Deut. med. Wochenschr. 
Deut. Monats. 

(Deut. Naturf. B^. 

Deut. Naturf. Festschr. 

Deut. Naturf. Tagebl. 

• • 

Deut. Naturf. Versamml. 

Ber. . 

Deut. Poly. Ztg. 

Deut. Phys. Ges. Verh. 

Deut. Tech. Ztg. 

Deut. TOpfer Ziegl. Ztg. 
Deut. Vierteljahrschr. Oeff. 

Gesundh. 

Deut. Zool. Ges. 

Deut. Zool. Ges. Verh. 

Deut. Zts. Chirurg. 

Deut. Zts. Thiermed. 

Deut. Zuckerind. 

Devon. Assoc. Trans. 

Devon & Cornwall Hatur. 

Hist. Soc. 

Diamant Ztg. 

Dietet. Hyg. Gaz. 

Dijon, Acad. Sci. Mem. 

Dijon, J. Agric. 

Dijon, Seances Acad. 

Dinant, Soc. Natur. Bull. 
Dingl. Poly. 

Bonders, Archiv 

Dorpat, Archiv, 

Dorpat, Biol. IJaturk. 
Dorpat, Naturf. Ges. 
Dbifiat, Naturwiss. Abh. 
Dorpat Pharm. Inst. Arb. 
Dorpat<6itzber. 

fPorpat Schr. 

Dorset Field eiub Proc. 


ABBREVIATIONS «0*I,rfERATURB xlix 

Dmtsche Entomologische Zeitschrift (formerly Ber¬ 
liner EnUmoltgische ZeilschHft) * 

Zeitschrift der*Dcutschcn Geologischen Gesellscliaft 
Deutsche Gerber Zeitung * 

Deutsche Industrie Zeituyg • 

Deutsche Klinik 
Dcutiche Mechaniker-Zeitung 
Deutsche mcdizinische ll^ochenschrift 
•Deutrehe Monatsjjef^e 

Amtlieher Bericht der.. .Versammliiiig Deiitsclier 
Naturforsener und Aerzte 

Festschrift fiir die*59. Versammiung Dcutscher 
Naturforscher und Aerzte j t 

Tageblatt der. Versammiung Deutscher Naturfor- 
■ scher und Aerzte 

Bericht iiber die VcrsanSnlung der Deutschen Natiir- 
forschcr und Aerzte , •• 

Allgemeine Deutsche Polyte*nische* Zeituiig (II. 
Grothe) 

Verhandlungen der Ocutschen Physikalischen Gescll- 
schaft... • 

Deutsche Techniker Zeitung • 

Deutsche Tdpfer und Ziegler Zeitung < ^ 

Deutsche Vierteljahrsschrift ftir Gesundheitspflege 

See Zool. Anz. * 

Verhandlungen der Deutschen Zoologischcn Gcscll- 
schaft 

Deutsche Zeitschrift fur Chifcrgie 
Deutsche Zeitschrift fiir Thiermedicin und verglcicli- 
ende Pathologic 
Deutsche 2iil;kcrindustrie 

Transactions of the Devonshire Association for tlie 
Advancement of Science, Literature and ftrt 
See Plymouth Inst. Trans. 

Diamant,* £las-Industric Zeitung 
Dietetic^ and Hygienic Gazette, The 
Memoircs de I’Academie des lienees, .Arts et Be llos- 
Lettres de Dijon 

Journal d’Agriculture de la Cote d’Or. 

Seances publiques de I'Academie des Sciences, Arts, 
et Belles-Lettres de Dijon • 

Bulletin de la Soci£t£ des Naturalistes Dinantais 
Dinglcrs Polytechnisches Journal • . 

Archiv fiir (die Hollandischeu Beitrage zur Natur- und 
Heilkunde 

Archiv fiir die Naturkunde Liv-, Esth-, pnd Kurlands 
Biologische Naturkind. , 

See Arch. Nat. (Dorpat) • 

Naturwissenschaftiiche Abhandlungen aus Dorpat 
Arbeiten des Pharmakolo^sdhen Institutes zu Dorpat 
Sitzungsberichte der Naturforscher-Gesellschaft bei 
der Universitat (Jurjew) Dorpat 
Schriften herausgegeben von der Naturforscher 
, Gesellschaft bei der Universitat Ourjew) Dorpat 
Proceedings of the Dorset Natural History and Anti¬ 
quarian Field Club 
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list; op iiBliRlJVlATIONS TO LITERATURE 


Douai NJem. Soc. Agric. 
Doubs Soc. Emul. Mem. 
Dove Rep. Physik. • 

Dresden Ausz. Protokol. 

Dresden Denkschr. Natur- 
wiss. Ges. Isis. 

Dresden Entom. Ver. “Iris’ 
Corrcspf-Bl. «. 

Dresden Isis Festschr. 

Dresden Isis Sitzbcr. 

' » 

« 

Dresden, JaEr. NStur. 
Heilk. 

Dresden, Mitth. Poly. 

Schule ■ 

Dresden, Schr.* Ges. 
Mineral. * 

Dresden, Sitzber. Natur. 

Heilk. 

D. R. P. 

Drug. Circ. 

Drug Topics 
Dublin, Geol. Soc. J. 
Dublin, Hosp. Gaz. 

Dublin J. Med. Chcm. 
Sci. 

Dublin L Med. Sci. 

Dublin Med. Trans. 

Dublin Micro. Club 
Dublin, Natur. Hist. Soc. 
Proc. 

Dublin Natur. Field Club 
Dublin, Pathol. Soc. Proc. 
Dublin Quart. J. 

Dublin Quart. J. Med. 
Dublin, Roy. Soc. J. 

Dublin Soc. J., Dublin Soc. 
Trans. 

Dublin»Soc. 3ci. Proc. 

Dublin Soc. Sci. Trans. 

Dublin, Zool. Bot. Aisoc. 
Proc. 

Dudley, Geol. Soc. Proc. • 
Dumfr. Gallow. Soc. Trans. 


Dunkerque, Mem. Soc. 
Encour. 

Durham_Univ. Phil. Soc. 
Proc. • 


Memoires de la Soci6t^ d’Agriculture, de Sciences, et 
d’Arts,*{,cant a Douai 

Memoires de la Soci^t^ d’Emulation du Departement 
du Doubs _ 

• Repertorium der Physik. Entnaltend eine vollstandigfe 

ZusammenstclluiK der ncuern Fortschritte (licser 
Wissenschaft * » 

'i'.uszuge aus den Prot(jkollen dcr Gesellschaft fiir 
Natwr- und Heilkunde in Dresden 
Denkschriften der Naturwissenscbaftlichen Gesell-* 
schaft Isis zu Dresden 

’ S^e Iris 

Festschrift der Naturwissenschaftlichen Geseyjchaft 
« Isis in Dresden 

sitzungsberichte und Abhandlungen dcr Naturwissen¬ 
schaftlichen Gesellschaft Isis in Dresden 
Jahrcsberichte fiir 18.')S-60 v. d. Gesellschaft fur 
Natur- und Heilkunde in Dresden 
Mitfheilungen der K. Sachs. Polytechnischen Schule 

Auswahl aus den Schriften der unter Werner's Mit- 
wirkung gestifteten Gesellschaft fiir Mineralogie 
Sitzungsberichtc der Gesellschaft fiir Natur- und 
IJcilkunde 

German Patent (Deutsches Reichs-Patent) 

Dniggist's Circular 

Drug Topics, New York 

Journal of the Geological Society of Dublin 

Dublin Hospital Gazette 

Dublin J'ou^al of Medical and Chemical Science 

The Dublin Journal of Medical Science 
Dublin Medical Transactions 
See Irish Natur. 

Proceedings of #-hc Natural History Society of Dublin 

f 

Sec Irish Natur., 

Proceedings of the Pathological Society of Dublin 
The Dublin Quarterly Journal of Science 
Dublin Quarterly Journal of Medical Science 
Journal of the Royal Dublin Society 
Transactions and Journal of the Dublin Society 

The Scientific Proceedings of the Royal Dublin 
Society • 

The Scientific Transactions of the ’Royal Dublin 
Society 

Proceedings of the Dublin University Zoological and 

* Botanical Association ,, 

Transactions of the Dudley and Midland Geoldfeical 

‘ and .Scientific Society 

The Tr^sactions and Journal of Proceeding of the 
Dumfriesshire and Galloway Natural History and 
Antiquarian Society •» 

Memoires de la Society* Dunkerquoise pour I’En- 
couragement dcs Sciences, des Eettra, et des Arts 
Proceedings of the University of Durham Philosophical 
Society 
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i>yer, Calico Ptr. 

Dzondi, Aeskulap 
IJ^tbourne Natur. Hilt. 

50 C. Papers (& Traps.) 
Eastbourne Natur. Hist. 
Soc. Proc. 

Eastbourne Natur. Hist. 
- Soc. Trans, 
lichange • 

Eckhard, Beitr. 

Eclairage Elect. 

• • 

Eclect. Med. J., Cinciii. 
Econ. Geol. 

Ecu. P. 

Edinb. Bot. Soc. Proc. 

Edinb. Bot. Soc. Trans. 
Edinb. Field Club Trans. 

Edinb,, Fish. Bd. Kep. 
Edinb. J. Med. Sci. 

Edinb. J. Natur. Gcogr. 
Sci. 

Edinb. J. Sci. 

Edinb. Med. Chir. Soc. 
Trans. 

Edin. Med. J. 

Edinb. Mem. Wem. Soc. 
Edinb. Monthly J. Med. 
Sci. 

Edinb. Natur. Soc. Trans. 


Edinb. N. Phil. J. 

Edinb. Phil. J. 

Edinb. Plin. Soc. Trans. 
Edinb. Proc. Phys. Soc. 

Edinb. Roy. Coll. Physns. 
Lab. Rep. 

Edinb. Roy. Soc. Proc. 
Edinb. Roy. Soc. Trans. 
Edinb. Trans. Scot. Soc. 
Arts 

Eisen Ztg. 

Ekaterinburg 
EllKifeld Naturwiss, Ver. 

Elec. R(^. 

Elec. Soc. Trans. 

€lee. Telegr. Rev. 

Elec. World « 

Electrician 

Electricite 

Electrochem. Met. Ind, 


Dyer, Calico Prater, Bleacher, Finisher, and* Textile 
Review • 

Aeskulap * • 

Papers (Transactions) of the Eastbourne Natural 
History Society * 

The fjjxth Annual Report of the Eastbourne Natural 
History Society , 

8'ransactions of the I^stboume Natural History 
Society • ♦ 

I’Echange. .Ofgane (Mensuel) des Naturalistcs de la 
Region Lyonnaise..« 

Bcitrage zur Anatomic und Physiologic 
TEclairage Klcctrique. Revue (hendoma3airc) 
d(el)’Elcctricitc 

Eclectic Medical Jouma% Cincinnati 
Economic Geology 

Ecuador Patent ^ . 

Proceedings of the Botanical Society of Edinburgh 
for the years 185A^ 

Transactions of the Botanical Society of Edinburgh 
Transactions of the Edinburgh Naturalists’ Field 
Club 

Annual Report of the Fishery Board for Gotland * 
Edinburgh Journal of Medical Science 
The Edinburgh Journal of Natural and Geographical 
Science 

The Edinburgh Journal of Science 
Transactions of the MedicoaChirurgical Society of 
.. Edinburgh 
Edinburgh Medieval Journal 
Memoirs of the Wernerian Natural History Society 
Edinburgh Monthly Journal of Medical Science 

• 

Transactions of the Edinburgh Field Naturalists’ and 
Microscopical Society, instituted as the Edinburgh 
Naturalfejs’ Field Club 
The Edinburgh New Philosophical Journal 
The Edinburgh Philosophical Journal 
Traasactions of the Plinian Society 
Proceedings of the Royal Physical Society of Edin¬ 
burgh 

Reports from the Laboratory of thj Royal College of 
Physicians, Edinburgh 

Proceedings of the Royal Society of Edinburgh 
Transactioi^ of the Royal Society of Edinburgh 
Transactions of the Royal Scottish Society of Arts 

Eisen Zeitung " 

See lekaterinenb. * , * 

Jahres-Bericht des Naturwissenschaltlichen Vereins in 
Elberfcld .* 

The Electrical Review * 

The Transactioifc and Proceedings of the London 
Electrical Society 
The Electric Telegraph Review 
•Electrical World 
The Electrician 

l^lectricite , • 

Electrochemical and Metallurgical Industry 
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Elektroshcm. Zts. 
Elektroteeh. Zts, 

Elliott Soc. J. 

Elliott Soc. Proc, , 
Eisner, Mitth. 

Emden Naturf. Ges. Jahr. 

Emden Naturf. Ges. Schr. 

Eng. 

Eng. Contr. 

Eng. Digest 
Eng. Mag. 

Eng. Mining J. (Eng. Min. 

J.) 

Eng. News . ^ 

Eng. Record i 

Engineer 
Engineers' J. 

Engineers 5oc. Trans. 

E'agl. Mech. 

ISngler, Bot. Jahr. 

Engrais, W 
Entom. Annual 
P^ntom. Mag. - 

Entom. Medd. (Kjobenh.) 

Entom. Month. Mag. 
Entom. Nachr. 

Entom. sRecord 
Entom. Soc. Trans. 

Entom. Tidskr. 

Entomologica Amer. 
Entomologist 
E. P. 

Epicure 

Epidem. Soc. Trans. 

Epinal (Vosges) Ann. 
Erdel. Muz.*Egyl. Ertek. 


P)rdmann, Sveriges Ccol. 
Undersdk. 

EMurt, Abh. Akad. Wiss.^*, 
Erfurt, Akad. Jahr. 

Erfurt, Denkschr. 

Erfurt, Nova Acta 


Elektrocjiemische Zeitschrift. 

Electroteehnische Zeitschrift 
Journal of the Elliott Society of Natural History 
Proceedings of the Elliott S«:iety of Natural Histoi^f 
' See Chem. Tech. Mitth. 

... Jahresbericht ^er Naturforschenden Gescllschaft 
^ in Emden “ 

'kleine Schriftcn der Naturf orschenden Gesellschaft in 
Emden 
Engineering 

Engineering and Contracting 
Engineering Digest 
Engineering Magazine, The 
Engineering and Mining Journal, The 

Engineering News 

Enginering Record, Building Record and Sanitary 
Engineer 
Engineer, The 

The Engineers’ Journal and Railway Gazette of India 
and the Colonies 

Society of Engineers. Transactions 
English Mechanic 

Botauische Jahrbiicher fiir Systematik, Pflanzenge- 
schichte und Pflanzengeographie 
Engrais, L’ 

The Entomologist’s Annual 
The Entomological Magazine 

Entomologiske Meddelelser udgivne af Entomologisk 
Forening 

The Entomologist’s Monthly Magazine 
Entomologische Naehrichten 

The Entomologist’s Record and Journal of Variation 
The Transactions of the Entomoiogical Society of 
London 

Entomoiogis^ Tidskrift pa Fdranstaltande af Entomo- 
logiska Foreningen i Stockholm 
Entomologica Americana 
The Entomologist 
English (Britjsh) Patent 
Epicure, The 

Transactions of the Epidemiological Society of Lon¬ 
don 

Aimales de la Soci^t^ d’Emulation du departement des 
Vosges 

Az Erdelyi Huzeum-Egylet Kiadvanyai Ertekezesek. 
(Publications of the 'TransylvaniairMuseum Asso¬ 
ciation. Memoirs) 

, Sverites geologiska Undersokning, pa offentlig 
bekostnad, utfdrd tmder Ledning af A. Erdmanni 
Abhandlungeu der Kurfiirstlich Mainzer Akaaemie 
niitzlicher Wissenschaften zu Erfurt 
JahrbuSher de>- koniglichen Akademie gememniitziger 
Wissenschaften zu Erfurt 

Denkschrift der Akademie gemeinniitziger Wisseiw 
schaften in Erfurt • « 

Nova Acta Academiae Btectoralis Moguntinae 
Scientiarum utilium quae Erfurti est. 
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Efgeb. Physiol. 

Erlangen, Abb. 

Erlangen Anat. Inst. • 
Efftngen, Mitth. Phys. 
Me^ Soc. 

Erlangen Phys. Med. Soc. 

Sitzber. 

grythea 

Essex Field Club Proc. 
Essex Field Club Spec. 
Mem. 

Essex Field Club Trans. 
Essex Inst. Bull. 

Essex Inst. Commun. 

Essex Inst. Proc. 

Essex Natur. Hist. Soc. J. 
Essex Natiist. 

Essig. Ind. 

Etudes Cites Mineraux 
Eure, Bull. Acad. Ebroic. 
Eure, J. Agric. 


Ergobnisse der Physiologic, Wjesbaden • 
Abhandlungen « der Physikalisch-medicinischen 
Societat in Erlangen * • 

See Bietr. Morphol. 

Wissenschaftliche Mittheiftinge# der Physikalisch- 
medjpinischen Societat zu Erlangen 
Sitzungsberichte der Physikalisch-Medizinischen 
.Societat zu (in) ErlangJn 

Erythea. A Journal of Botany, West American and 
General • 

Journal of Proceedings^f the Essex Field Club 
Essex Field Club Special Memoirs ^ ^ 

Transactions of the E.s.sex Field Club 
Bulletin of the Essex Instifute 
Communications read before the Essex Institute 
Proceedings of the Es.scx Institttte , 

Journal of the Essex County Natural History Society 
The Es.sex Naturalist ^ 

Deutsche Essigindustrie ^ 

See France Cites Min. Eludes . 

Bulletin de I’Academie Ebroicienne^ ^ 

Journal d’Agriculture, de Medicine et des Science* 


Eure, Recueil Trav. 


Eure, Soc. Agric. Bull. 

Eure, Soc. Agric. Recueil 

Bvkdnyv 
Exner. Rep. 

Exper. Sta. Rec. 

Eyr 

Fachgenosse 

Falaise, Mem. Soc. Acad. 

Farben Ztg. 

‘Farb. Ztg. 

Fechner Centr. 

Fechner, Rep. 

Fed. Inst. Min. Engin. 

Trans. 

Fer. 

Ferussac, Bull. Sci. Math. 

Ferussac, Bull. Sci. Natur. 
FeuUle Jeunes Natur. 

Field Mus. Natur. Hist. 

Fij. P. • 

Fin. P. 

Fiaistere Soc. Sd. Bull. 

Finlande Soc. G&gr. 
Finska Dak. Sallsk. Handl. 
Finska Vet.-Soc. 


accessoires 

Recueil des Travaux disla Soeittt Libre d'Agriculture, 
des Sciences, des Arts et des Belles-Lettres du 
departmente de I'Eure 

Bulletin de la Socittt d’Agriculture, des Sciences, et 
des Arts du departement dc I'Eure 
Recueil de la Socittt d'Agriculture, Sciences, Arts, et 
Belles-Lettrqp du departement dc I'Eurs 
A’ Magyar TAidos Tarsasag’ Evkonyvei 
Repertorium der Physik. • 

Experiment .Station Record 
Eyr, et Medicinisk Tidsskrift 
Fachgenosse,‘Der 

Memoires if la Soci^t6 Academique des Sciences, 
&c., dc Falaise 
Farben Zeitung 
Farber Zeitung (I.,ehne’s) 

Centralblatt fiir Naturwisscnschaften und AnthrcH 
pologie 

Repertorium der Experimental-Physlk. 

Transactions of the Federated Institutioi^ of Mining 
Engineers * 

Ferrum, Hall? • 

Bulletin des Sciences Mathematiques, Astronomiques, 
Physiques, et Chimiques par Ic Baron dh Ferussac 
Bulletin des Sciences tfaturjlles rt de Geologic 
Feuille des Jeunes Naturalistes 
Field Museum of Natural HJstory, Chicago, Publica¬ 
tion * 

Fiji Islands Patents 
Finland Patent 

Bulletin de la Soci^ti d’Etudes Scientifiques du 
• Finistere 
See Fennia 

Finska Lkkare Sallskapets Han^ingar' , 

See Helsingfors, Bidrag. Helsingfors, Ofvers 



liv 


usr OP ABflRgviATIONS TO LITERATURE 


Firenze Accad. Georgpfili 
Atti 

Firenze^Ann. Mus. Fis. 
Firenze, Ann. Mus. Imp. 

Firenze Congr. Bot. Atti 

Firenze, Mem. §oc. Ital. 
Firenze, Opusc. Sci. 
Firenzi R. Inst. Pubbl. 

Firenze Soc. Georgofili Atti 

Firenze Soc. Studi Geogr. 

Boll. 

Flora 

Flore Jardins 

Flore Serres 
Florence 
Flbrke, Repert. 

Poldt. Kozlon 


Atti della Reale Accademia Kconomieo-Agraria dei 
Geor^cjili di Firenze 

Annali del R. Museo di Fisica e Storia Naturale 
Ahnali del Museo Imperiale jli Fisica e Storia Naturale 
di Firenze ''' 

Atti del Congresso Internazionalc Botanico tcipito in 
Firenze nel mese di Maggto 1874 
*See Modena 

Ccllezione d’Opuscoli scicntifici. 

Rubblicazioni del R, Istituto di Stiu'.i Superior! Pratic*. 

. e di Perfezionamento in Firenze 
Afti della (Real) Societa Kconomica di Firenze ossia 
de’ Gcorgofili 
See Riv. Geogr. Ital. 

*^Flora Oder Allgemeine Botanische Zeitung 
Annales d'Horticulture et dc Botanique, ou Flore des 
Jardins du Royaumc des Pays Bas 
Flore des Serres et des Jardins de I’Europe 
See'Firenze 

Repertorium des neucsten und wissenwurdigsten au.s 
der gesammten Nalurkunde 
Foldtani Kbzlony, Ilavi folyoirat kiadja a Magyarlioni 


Folia Clin. 

Folia liaematol. 

Folia Therap. bond. 

Forbes, Med. Rev. 

Forsch, Agr.-Phys. 

Forster, Allg. Bauztg. 
Fortschr. Chem. 

Fortschr. Med. 

Fortschr. Phys. 

Fortschr. Rbntgcnstr. 
Fortschr. Theerfarbcn- 
Fabrikation 
Foundry 
F. P. 

France, Congr. Med. Chir. 
France, Congr. Sci. 

France Gites Miher. Etudes 
France, Inft. Provinces 
Anhuaire 

France, Inst, Provinces 
Mem. 

France Soc. Agric. Bull. 

France Soc. Agric. Mem. 

France Soc, Bot. Bull. ■ 
France Soc. Entom. 

Franc Soc. Miner. Bull. 


Foldtani Tarsidat 

Folia clinica chiniico ct miscroscopica 

Folia haematologica 

Folia Therapeutica. London 

The British and Foreign Medical Review, or Quarterly 
Journal of Practical Medicine and Surgery 
Forsclmngen auf dem Gebiete der Agtikullur-Physik, 
Allgemeine, Bauzeitung 

Fortschritte'-dcr Chemie, Physik und Physikalischen 
chemie 

Fortschritte der Mediein. 

Die Fortschritte der Physik. 

Fortschritte auf dem Gebiete der Rdntgenstrahlen 
Fortschritte'' der Theerfarbenfabrikation und ver- 
wendter Indnstriezweigc 
Foundry, The 
French Patent 

Congres Medico-Chirurgicale de France 
Sessions dcs Congres Scicntifiques de France 
Etudes des Gites Mineraux de la France 
Annuaire de I'lnstitut dcs Provinces et des Congres 
Scientifiques de France 

Memoires Be I’lnstitut des Provinces de France: 

Sciences physiques et naturelles ’ 

Bulletin des Seances de la Societe Nationale d’Agri- 
citlture de France 

Memoires publics par la Soci4t^ Nationale d’^gri- 
culture de France * 

Bulletin de la Soci^t^ Botanique de France 
See Abeille., Paris, .Soc. Itnt. Ann., Paris, •Soc, Ent. 
Bull., Rev. Ent. 

Bulletin de la Soci4t4 Mineralogique de FraBrj;:. 
Bulletin de la Soci4l6 Francaise de Mineralogie. 
(Ancienne Soci6t6 Mineralogique fle France) 

See Paris, Caus. Sci. 

Bulletin de la Sociit^ Zoologique de France 


Franc^Soc. Zool. 
France Soc. Zool. Bull. 
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4france Soc. Zool. Mem. 
Frankfurt 

Frankfurt, Jahr. Phys. Ver. 


Frankf. Ver. Pflege Phot. 
FraiJkfurt, Zool. Garten 
Frankfurter Zts. Pathol. 
Franzos. Ann. 

• 

Freiberg, Jahr. Berg. Hiitt. 

Freiburg, Beitr. 

Freijnirg, Ber. 

Freie K. 

Frelon 

Fries, Bot. Notiser 
Froriep, Notizen 
Fuhling’s Ztg. 

Gac. ind. 

Gand, Ann. Soc. Agric. 

Gand, Ann. Soc. Med. 
Gand, Bull. Soc. Med. 
Gard, Apercu Trav. 

Gard, Mem. Acad. 

Gard, Notice Trav. Acad. 
Garden 8: Forest 

Gardeners Chron. 

Garnett, Ann. Phil. 

Garten-Flora 

Garten-Ztg. 

Gartenwelt 
Gas World 
Gaz 

Gazz. del. Clin. 

Gazz. med. ital lomb. 

Gazz. Chim. Ital. 

Geelong Field Natur. Club 
Gehlen J. 

Gendrin, Trans. Med. 
Geneeskundig Mag. 
Geneve, Archiv. 

Geneve, Bull. Soc. Omith 
Suisse. 

t5*nevc Conserv. Bot. An- 
nuaire 

Gene-fe, Inst. Natl. Bull. 
Geneve, Inst. Natl. Mem. 
.•Geneve, Mus. Hist. Natur. 
Ann. , 

Geneve, ReAieil Trav. Soc. 
Med. 

Geneve, Spc. Geogr. Mem. 


Memoires de la Soci6t4 Zoologique de France" 

See Senckenberg , • 

Jahrbuch zuf Verbreitung natuyvisscnschaftlicher 
Kenntnisse, vcranstaltet vom Physikalischen 
Verein zu Frankfurt A/jAam . 

See Wien, Photogr. Correspond. 

DeraZooIogische Garten Frankfurt a/M. 

Frankfurter Zeitschrift liir Pathologic 
•Franzosische Annalen liir die allgemeine Naturges- 
chichte, Physik, &!:. 

Jahrbuch fflr den Berg- und Hiittenmann. Herausg. 

von der Kiinigl. Bwg-Akademie zu Freiberg 
Beitrage zur Rheinischen Naturgesjhichte, 

Berichte iiber die V^erhandluBgen dqr Naturfor- 
schenden Ge.seIIschaft zu Freiburg i. B. 

Freie Kunstc 1 

Le Frelon. Journal d’EntonioIogie descriptive 

Botaniska Notiser % • 

Notizen aus dem Gebiete der Natur- und Heilkunde 
Fiihlings landwirtsohaftliche Zeitung 
I.a Gaccta industrial • 

Annales de la Sociit^ Royaltvl’-^griculture ct de 
Botanique • 

Annales de la Soci£t4 de Medecine de Gand 
Bulletin de la Soci4t£ de Medecine de Gand 
Notice ou Apercu dnalytiquc des Travaux de 
I’Academie Royale du Gard 
Memoires de I’Academie du Gard 
Notice des Travaus del’AcdUemie du Gard 
Garden and Forest. A Journal of Horticulture, • 
bandscape Art and Forestry 
The Gardeners Chronicle 

Annals of Philosophy, Natural History, Chemistry 
&c. • 

Garten-Flora 

Ncue iiJI^emeine Deutsche Garten- und Blumen- 
zeitungt 

Gartenwelt, The 
Gas World, The 
Le Gaz 

Gazzetta della Cliniche 

Gazzetta medica italiana lombardia, Milano 

Gazzetta Chimica Italiana , 

See Wombat 

Journal fiir dei Chemie und Physik . , 

Transacti#ns Medicales 
Geneeskundig Magazijn * 

See Archives Sci. Phys. Nat. 

Bulletin de la Soqiete Omith<jogique Swsse 
• 

Annuaire du Conservatqjre du Jardin Botanique de 
Geneve • . 

Bulletin de I’Institut National Genevois 
Memoires de rinstitut National Genevois 
See Rev. Suisse Zool. 

Recueil des Travaux de la Soci4t4 Medicale de Geneve 
Memoires de la Soci4t4 de Geographie de Ceneve 
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Geneve, Soc. Phys. Mem. 

Genie civ. 

Genova ■ 

Genova, Ann. M^is, Pbvs. 
Genova, Giorn. 

Genova, Mem. Accad. 

Genova, Mem. Isti Ligure. 
Genova, Mem. Soc. Med. 
Emul. 

Genova Mys. Civ. Ann. 
Genova Mus. Zool. Anat. 
Comp. Boll. 

Genova, Soc. Ligust, Atti 

Genova Univ. Atti 
Geogr. Soc. J. 

Geogr. Soc. Proc. 

Geogr. Soc. Snppl. I'p... 
Geol. Mag. „ 

Gerfi. Survey, Can. 

Gera, Naturwiss. Jahr. 


Gerber 

Germar, Mag. Entom. 
Germar, Zts. Entom. 
Gergonne, Ann. Math. 
Gesundh. Ing. 

Gew. Ztg. 

Gewerbel)! Scliw. 
Gewerbebl. Wiirt 
Gewerbeh. 

Gewerks Ztg. 

Giessen, 01)erhcss. Ges. 
Ber. 

Gievel, Zts. 

Gilbert, Ann. Phys. 

Gill. Tech. Micro. Repos. 
Giom. Arcad. 

Giom. farm, chini. 

Giom. Gjn. civ. 

Giron. 1st. Lomb. 

Giom. Mineral? Crist. Petr. 
Gironde Comm. Mcteorol. 
Gironde, J. Med. 

Gistl, Faunus 
Glasgow. Inst. Engin. 
Trans. 

Glasgow Med. Chir. Soc. 
Trans. 

Glasgow Med. J. 

Glasgow Natur. Hist. Soc. 

Proc. & Trans. 

Glasgow Path. Clin. Soc. 
Trans. - 


ABBUE’.TATIONS TO LITERATURE 


Memoircs de la Socidt^ de Physique et d'Histoire- 
Naturelie de Geneve' 

Genie Civil' 

See Congr. Bot. Int. Atti. 189? 

Annali del Musco Civico di S'loria Naturale 
Giomale degli Studiosi di Eettere, Science, arti e 
Mestieri i „ 

^Temoire dell'Accademia Imperiale dellc Sciense di 
Genova 

Memorie dell’ Istituto Ligure , 

Memorie della Societa Medica di Emulazione di 
Gviuova 

Annali del Museo Civico di Storia Naturale di Genova 
Bollettino dei Musei di Zoologia e Anatomia Com- 
parata della R. Ilniversita di Genova 
At^ti della Societa Ligustica di Scienze Naturali e 
Gcografiche 

Atti della R. Universita di Genova 
Journal of the Royal Geographical Society of London 
Proceedings of the Royal Geographical Society and 
Monthly Record of Geography 
Royal Geograhical Society. Supplementary Papers 
Geological Magazine 
Geological Survey, Cana<la 

Jahresbericht der Gesellschaft von Freunden der 
Naturwissenschaften in Gera, nebst Nachrichten 
iiber den Naturwissenschaftlichen Verein in Schlciz 
Der Cwbcr 

Magazin der Entomologic 
Zeitschrift fiir die Entomologie 
Annales dc Mathematique 
Ge.sundheits-fngenieur 
Wieck’s Gewerbe>.eitung 
Schweizerisches Gewerbeblatt 
Gewerbeblatt aus Wiirttemberg 
Gewerbehalle , ^ 

Oesterreichische, (jewerkszeitung 
Berichte der Oberhessisehen Gesellchaft fiir Natur- 
und Heilkunde 

See Zts. Gesammt. Naturwiss. 

See Ann. Phys.’ 

Technical and Microscopical Repository 
Giomale Arcadico di Scienze 
Giomale de farmacia, di chimica 
Giomale del Genio civile 
See Bibl. Ital. « 

Giomale di Mineralogia, Cristallografia o,Petrografia 
See Bordeaux Soc. Sci. Mem. 

Jouraal>Icdical de la Gironde 
Faunus 

J'ransactions of the Institution of Engineers and Shtp- 
• builders in Scotland 

Transactions of the Medico-Chimrgical Society of 
Glasgow^ 

Glasgow Medical Journal 

Proceedings and Transactiofls of the Natural History 
Society of Glasgow • 

Transactions of the Glasgow Pathological and Clinical 
Society 
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Glasgow Phil. Soc. Proc, 

Glashutte 

Glas-Ind. 

Gleanings Sci. * 

Globe 

Glhckauf 

Good Koads 

Goodsir, Ann. Anat. 
• Physiol. 

Gordon Coll. Phot. Assoc. 
Gfirlitz, Abh. 

GOtheborg, Handl. 

• • 

Gdtheborg, Nya Hand!. 

Gdttingen, Abh. 

Gdttingen, Comment. 
Gottingen, Nadir. 


Gdttinger Studien 
Gottingen, Studien Vcr. 

Grafe, J. Chir: Augen- 
heilk. 

Graph. Mitth. 

Graubunden Naturf. Ges. 
Jahr. 

Gravenhage, Athenaeum 
Gravenhagc, Inst. Ingen. 
Tijdschr. 

Gravenhage, Inst. Ingen. 
Uittrek. 

Gravenhage, Inst. Ingen. 
Verb. 

Gravenhage, Inst. Ingcn. 
Verslag. 

Gravenhage, Tijdschr. 

Graves, Natur. J. 

Graz Bot. Inst. Mitth. 
Graz, Unters. Physiol. 
Histol. 

Great. Brit. Phil. Soc. 
Greifswald Naturwiss. Vcr. 
Mitth. 

Grenoble, Acad. Delph. 
• J8ull. 

Grevillea 

« 

Groningen, Ann. Acad. 
Oruitbuisen, Neue Ana- 
lekt. 

Grunert Arokiv. • 

Grunert, Meteor. Optik 
Guat P. 


Proceedings of ^e Philosophical Society of Glasgow 
Glashutte, Die* ' 

Glas-Industrie, Die • , 

Gleanings in Science 

See Geneve Soc. Geogr. Wem. • 

GlOckauf; Berg- und Huttenmannische-Zeitschrift 
Good Roads 

•Annals of Anatomy and*Physiology 

• • 

See Wombat.* 

Abhandlungen der JJpturforschendtn Gesellscliaft zu 
GOrlitz 

GOtheborgs Kongl. Vetenskaps oclf Vittcfliets Sam- 
halles Handlingar 

Nya Handlingar af Kon|[l. Vettenskaps och Vitterhets 
Samhallet i GOtheborg ^ ■ 

Abhandlungen der Konigliche^ Cesellsffiaft der Wis- 
senschaften zu Gottingen 
Commentationes re^ntiores Societatis, etc. 
Nachrichten von der Georg-Au^sts tlnivcr,sitat und 
der KOnigl. Gcsellschaft der* Wjssenchaften zu Got¬ 
tingen ‘ * 

GOttingcr Studien • • 

Studien des GOttingischen Vereins Bergmannischer 
Freunde • 

Journal dcr Chirurgie und Augen-Hcilkunde 

Schweizer graphische Mitt^lungen 
Jahresbericht dcr Naturforschenden Gcsellschaft 
Graubiindens 
Athenaeum# 

Tijdschrirf van het Koninklijk Instituut van Ingcn- 
icurs , 

Uittrcksels uit Vreemde Tijdschriften voor de Leden 
van het Koninklijk Instituut van Ingenieurs 
VerhandMngen van het Koninklijk * Instituut van 
IngenicHrs 

K. Instituut van Ingenieurs. Algemeen Verslag van 
de Werkzaamheden en Notulen der Vergaderingen 
Tijdschrift voor Entomologic, door de Nederlandsche 
Bntomologischc Verceniging 
The Naturalists’ Journal and Miscellany 
Mittheilungen aus dem Botanisehtn Institute zu Graz 
Untersuchungen aus dem Institute fiir Physiologic und 
Histoloaie • 

See Victona Inst. J. • 

See Neu-Vorpommem Mitth. 

Bulletin de I'Academic Delphinalc, ou Soci^tA des 
fences et Arts de Grenoble 
Grevillea, a Quarterly RJfcord of Cryptogamic Botany 
and its Literature 
Annales Acadeuiiae Groninganac 
Neue Analekten fiir Erd- und Himmels-kunde 

Archiv ffir Mathematik und Physik 
Beitrage zur meteorologischen Optik, etc. 

Guatemala Patent 
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Guia Minero 
Guillemiiv ArchW. Hot. 
Gummi-Ztg. 

Gunsbtirg, Zts. Klin. Med. 

Gurlt, Mag. Ges. Thier- 
heilk. 

Guy’s Hosp. Rep. 

Haarlem Kolon. Mus. 
Bull. 

Haarlem, ' Mus.' Teyler 
Archiv. 

Haarlem, Natuurk. Verb. 
Maatsch. IWet. 

Haaxman, Tijdschr. 
Habana Acad. Anales. 

Haeser, Archiv. Med.., 
Hage “■ 

Habneraann. Month. 
Haidinger, Abh. 

Haidinger, Ber. 

Hainaut Soc. Mem. 

Hall, Bijdragen 
Halle, Abr. Naturwiss. 

Ver. 

Halle aux cuirs. La 
Halle, Jahr. Naturwiss. 
Ver. 

Halle Kryptog. Lab. 

Halle, Naturf. Ges. Abh. 

Halle, Naturf. Ges. Ber. 
Halle, Naturf. Ges. Neu. 
&hr. 

Halle, Zts. Ges. Naturwiss. 
Hamburg, Abh. Geb. 

Naturwiss. * 
Hamburg Bot., Ges. 
Hambufg, Mitth. 

Hamb. Mus. Ber. 

Hamb. Mus. Jahr. 

Hamb. Mus. Mitth. 

Hamb. Natmwiss. Ver. 
Abh. 

Hamb. Ver. Naturwiss. 

Unterh. Verb. 

Hamb. Wiss. Anst. Jahr. 


ABBREVIATIONS TO LITERATURE 


Guia deV Minero: Pcriodico cientifico, industrial y 
mercantfl 

Archives de Botanique, ou Recueil Mensucl de Me- 
moires originaux, etc. ■ 

- Gummi-Zeitung 

Zeitschrift fiir klinis."he Medizm, mit dem Vereili fiir 
physiologische Hcilkunde in Breslau 
Klagazin fiir die gesammtt Thier-Heilkunde 

Guy’s Hospital Reports ^ 

Buijetin van het Koloniaal Museum te Haarlem 

Archives du Musee 'feyler 

•» 

IVatuurkundige Vcrhandeliugen van de (Bataafsch) 
Hollandsche Maatschappij der Wetenschappente 
Haarlem 

Tijdschrift voor Wettenschappelijke Pharmacie, etc. 
Analgs de la (Real) Academie de Ciencias Medicaes 
Fisicas y Naturales de la Habana 
.Archiv fiir die gesammte Medicin 
See Gravenhage 

Hahnemaimian Monthly, Philadelphia 
Naturwissenschaftliche Abhandlungen 
Berwhte fiber die Mittheilungcn von Freunden der 
Naturwissenschaftcn in Wien 
Memoires et Publications de la Soci6t£ des Sciences, 
des Arts et des Lettres du Hainaut 
Bijdragen tot dc Natuurkundige Wetenschappen 
Abhandlungen des Naturwissenschaftlichen Vereins 
fiir Sachseh und Thiiringen in Halle 
Halle aux cuirs, La 

Jahresbericht des Naturwissenshaftlichen Vereins in 
HaUe 

See Beitr. Physiol. Morphol. 

Abhandlungen* der Naturforschenden Gesellschaft zu 
Halle 

Bericht der Natufforschenden Gesellschaft zu Halle 
Neuc Schriften der Naturforschenden Gesellschaft zu 
Halle 

Zeitschrift fiir die gesammten Naturwissenschaftcn 
Abhandlungen aus dem Gebiete der Naturwissen- 
schaften 

See Bot. Centrbl. 

Mittheilungcn. aus den Verhandlungcn der Natur- 
wissenschaftTichen Gesellschaft in Hamburg 
Naturhistorisches Museum zu Hamburg. Berichte 
Jahresbericht fiber das Naturhistorische Museum zu 
Hamburg 

Mittheilung aus dem Naturhistorischen Museun* ih 
*, Hambiu-g 

Abhandlungen aus dem Gebiete der Natuigrissen- 
schafte* herausgegeben vom Naturwissenschaftlichen 
Verein in Hamburg , 

Verhandlungcn des Vereins fiir Naturwissenschaft- 
liche Unterhaltung zu Hdlnburg • 

Jahrbuch der Hamburgiseben Wissenscbaftlichen An- 
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I^ampshire Field Club Pap. 
& Proc. 

Hannover Architekt.-Vcr. 
^ts. • 

Hannover Jahr. 

Hanndverische Ann. 
^arlem Soc. Holland. Sci. 
Hartford, Trans. * 

Harvard Mus. Zool. Mem. 

Harvwd Mus. Zool. Bull. 

Harz, Naturwiss. Ver. 
Ber. 

Havre, Cerclc Bot. 

Haw. P. 

Haye 

Heart 

Hedwigia 


Heidell). Jahr. Lit. 

Hcidelb. Naturhist. Med. 
Kestschr. 

Heidelb. Naturhist. Med. 
Verb. 

Heidelb., Verb. 

Heis, Wochenschr. 

Heller, Archiv. 

Helsingfors, Acta Soc. 
Sci. Fenn. 

Helsingfors, Bidrag Fin- 
lands Natur o. Folk. 
Helsingfors, Bidrag Fin- 
lands Naturkann. 
Helsingfors, Faun. Flor. 
Fenn. Acta. 

Helsingfol^, Fauna Flora 
• Fenn. Medd. 

Helsingfors, Faun. Flor. 

Fenij. Notiser 
Helsingfors, Ofvers, Finaka 
Vet. Soc. 

* iHelv. Chim. Acta 
Henle und Pfgufer, Zts. ' 
Hermannstader Verb. 


Papers and Propjedings of the Hampshire Field Club 

f 

Zeitschrift des Architekten- und Ingtnieur-\5preins zu 
Hannover. Zeitschrift filr Architektur und In- 
genieurwesen • • 

... Ji^resbericht der Naturhistorischen Gesellschaft 
zu Hannover 

Hannbverische Annalcn RS- die gesamrate Heilkunde 
See Arch. Necrland • 

Transactions of the Natural History Soeiety of Hart¬ 
ford , 

Memoirs of the Museum of Comparative Zoology at 
Harvard College • * 

Bulletin of the Museum of Comparative Zoology at 
Harvard College, in Cambridge 
Berichte des Naturwissenschaftlichen,Vereins des 
Harzes zu Blankenburg » 

Cercle pratique d’Horticulture et de Botanique de 
rarrondissement <J,u Havre; Bulletins 
Hawaiian Patent 
See Congr. Int. Hyg. C. R., ISSf 
Heart * 

Hedwigia. Ein Notizblatt ftir Kryptogdlnische Stu- 
dien nebst Repertorium fur Kryptogainische Litera- 
tur. Hedwigia. Qrgan fflr (specielle) Krypto- 
gamenkunde (und Phytopathologie) nebst Reper¬ 
torium for- (Kryptogamische) Literatur. 

Jahrbiicher der Literatur. 'IJerhandlungen des Natur- 
historisch-Medicinischen Vereins zu Heidelberg 
Fcstchrift zur Feier des funfliundertjahrigen Bestehens 
der Rupesto-Carola dargebracht von dem Natur- 
historiscS-Medicinischen Verein zu Heidelterg 
Verhandlungen des Natmrhistorisch-Medjpinischen 
Vereins au Heidelberg 

Verhandlungen der in Heidelberg versammelten 
Augenihete 

WochenscBrift fiir Astronomie, Meteorologie, und 
Geogiaphie 

Archiv ftir physiologische und pathologische Chemie 
und Mikroskopie 

Acta Societatis Mentiarum Fennicae 

Bidrag till katmedom om FinlandS Natur och Folk, 
utgifna .af Finska Vetcnskaps-Societeten 
Bidrag till Finlands Naturkaimedom, Etnografi och 
Statistilc utgifna af Finska Vetenskape-Societeten 
Acta ^ictatis pro Fauna et Flora Feimica 

Meddelanden af Societasjiro I%una.ct Flora Fennica 

Notiser ur Sallskapets p(p Fauna et Flora Feehnica- 
.. Fdrhandlingar 

Ofversigt af finska Vetenskaps-Societatens F6r- 
handlingar 

Helvetica Chimica Acta 
See Zeitschrift fiir rationelle Medicin 
Verhandlungen und Mittheilungen des Siebenbiirg- 
ischen Vereins fiir Naturwissenschaften in Hermann- 
stadt * 
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Hermbstatt, Archiv. 
Hermstadt, Bulf. 

• r 

Hermbstadt, Museum 


Hertha 

Herts. Natur, Hist. Soc. 
Trans. 

Hessen, Naturhist. Verg. 

Heusingcr, Zts. 

Hide and Leather / 
High Wycombe Natur. 
Hist. Mag. 

Highland Soc. Trans. , 

Hildesheim, Roemer-Mus. 
•Mitth. 

Himly, Bibl. Ophthalm. 

Hippone 

Hisinger, Afh. 

Hobart Town 
Hoeven en Vriese, TijJ- 
schr. 

Hoff, Mag. 

Hoffman, Phytogr. Bliitt. 
HoII. P.. 

Holland, Beitr. 

Holland, Mag. 

Holmesdale Natur. Hist. 

Club Proc. 

Homme 

Hooker, Bot. Miscell. 
Hooker, Comp, Bot. Mag. 
Hooker, Lond. J. Bot. 
Hoppe, Bot. Taschenb. 

Horae Soc. Entom. Rossi- 
cae 

Horkel, ArcMv. 

Horn, Archiv. Med. * 
Horn’s Phot. J. ^ 

Homschuch, Archiv. 
Horolog. J. 

Hortic. Soc. J. 

Hortic. Soc. Trans. 
Hufeland, J. Arzn. 
Humboldt. 

Humming Bird 


Archiv .dcr AgricuRurchemie fiir denkende Land- 
wirthe* 

Bulletin des Neuesten und Wis,senwiirdigsten aus der 
Naturwissenschaft, etc. * ^ 

Museum des Neuesten und Wissenwiirdigsten aus 
dem Gebiete da' Naturwissenschaft, der Kunste, 
der Fabriken, der ManufSrturen, dcr technischen 
Gewerbc, der Land»firth.schaft, der Produkten- 
Warfren und Handelskunde, un(^ der btirgerliche* 
Haushallung, &c. 

•Hertha 

Transactions of the Hertfordshire Natural History 
Society and Field Club 

Verhandlungen des Naturhistorischen Vcreins'itir das 
, Gross herzogthum Hessen und Umgebung 
Zeitschrift fiir die organische Physik 
Hide and Leather 

The Quarterly Magazine of the High Wycombe Natural 
History Society 

Transactions of the Highland and Agricultural Society 
of Scotland with an abstract of the Proceedings 
Mittheilungen aus dem Roemer-Museum Hildesheim 

Bibliothek fiir Ophthalmologic 
Sew Bone 

Afhandlingar i Fysik, Kemi, och Mineralogie 
See Tasmania 

Tijdschrift voor Natuurlijke Geschiedenis en Physio¬ 
logic 

Magazin Mr die gesaramte Mineralogie, Geognosic, 
etc. ', 

Phytographische Blatter 
Holland Patent 

Hollandsiche Beitrage zu den anatomischen und 
physiologischen Wissenscaften 
HollandischesJ Magazin der Naturkunde 
Proceedings and Annual Reports of the Holmesdale 
Natural Histo^ Club, Reigate, for the years 186.5-67 
L’Homme: Journal illustre des Sciences Antliro- 
pologiques 

The Botanical Miscellany 
Companion to the Botanical Magazine 
London Journal of Botany 

Neues Botanisches Taschenbuch fur die Anfiingcr 
diescr Wisyjischaft und der Apothekerkunst 
Horae Societatis Entomologicae Rossicqp variis ser- 
monibus Rossicae usitatis 
Archiv. fiir die thierische Chemie 
^rchiv. fiir praktische Medizin und Klinik 
Horn’s photographisches Journal c ‘ 

, Archiv Skandinavischer Beitrage zur Naturgcschichte 
The Horological Journal • 

Journal 6f the Royal Horticultural Society of London 
Transactions of the Horticultural Society of London , 
Journal der practischen Arzneikunde 
Humboldt. Monatsschriff fiir die Gemmten Natur- 
wissenschaften 

The Humming Bird.scientific, artistic and in¬ 

dustrial Review 
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Hongkong P, 

Hung. P. 

Hutm. Ztg. 

Hyg. Congr. 

Hyg.JRundschau. 

Hyg. viande 

lelmterinenb., Soc. Oural. 
Bull. 

•ll Berico • 

II Cimento 

II. Giamb-Vico 
II Progresso 

II Suliplpmo 
II Tempo 

III. Insects Rep. 

Ill. Lab. Natur. Hist. Bull. 

III. Mus. Natur. Hist. Bull. 

Illiger, Magazin 
Illumin. Engin. (London) 
Illust. Hortic. 

must, landw. Ztg. 
must. Off. J. 

must. Wochenschr. Kn- 
tom. 


Impr. 

Ind. Chim. 

Ind. lait. 

Ind. Text. 

Ind. Ztg. 

Index Med. 

India Agric. Soc. J. 

India, Agric. Soc. Proc. 

India Agric. Soc. Trans. 

India Bot. Surv. Records 
India Dept. Agric. 

India, Govt. Records (For. 
Dept.) 

India, Govt. Records 
(Home Dept.) 
mdia P. 
ln<fia Rev. 

India Rub. J. 

India Rub. World 
dndian Ann. 

Indian J. Med. Phys. Sci. , 
Indian Med. tiaz. 


Hojigko^ Patent 
Hungarian Pat^t 

Deutsche Hutmacher-Zeitung , 

See Congr. Jnt. Hig. Act.; Congr. Int. Hy*. C. R.; 

Int. Congr. Hyg. Arb.;Int. Cpngr. Hyg. Trans. 
Hygienische Rundschau. Berlin 
Hygifcne de la viande et du lait, L’ 

Bulletin de la Soci4U,Duraiiennc d’Amatcurs des 
■* Sciences Naturdles 
II Berico , * 

II Cimento 

II Giambattista-Vico* 

II Progresso delle Scienze, Lettere, ec^Arti. , 

II Subalpino, Giomale di Scienze 
II Tempo, Giomale Italiano di Medicina 
.. .Report of the State Entomologist.. .on the Noxious 
and Beneficial Insects of the State ofclllinois 
Bulletin of the Iliinois State iaboratory of Natinal 
History 

Bulletin... of the IHinois State Museum of Natural 
History • 

Magazin fiir Insektcnkunde , 

Illuminating Enpneer (London), The . 

Illustration horticole; journal sijpcial des .Serres et Ses 
Jardins 

Illustrierte landwirtsthaftlichc Zeitung 
Illustrated Official Journal, The (Patents) 

Illustrierte Wochen-schrift fur Entomologie. Inter¬ 
nationales Organ fiir allc‘Interessen dor Insekteii- 
kunde. Offizielles Organ der Berliner Kntomolo- 
gischen Gescllschaft 
L'imprimexie 
Industria chimiea 
LTndustrie laitiere 
L'industrie textile 
Deutsche Industrie Zeitung 
Index Meiicus, Washington 

JoumaLof the Agricultural and Horticultural .Society 
of India 

Proceedings of the Agricultural and Horticultural 
Society of India 

Transactions of the Agricultural and Horticultural 
Society of India , 

Records of the Botanical Survey of India 
India Department of Agriculture, Publication's 
Selections tfrom the Records of the Government of 
India. (Foreign Department) • 

Selections from the Records of the Government of 
India . , 

Indian Patent • 

India Review and JoiuTifil of Foreign Science atid 
the Arts • 

India Rubber Tpumal 
India Rubber World 
Indian Annals of Medical Science 
Indian Journal of Medical Science 
The Indian Medical Gazette, a monthly record of 
Medicine, 8:c. 
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Indian Meteorol. Mem. 


Indian Mus. Notes r 
Industricztg. Ungarn 
Ingenieur 

Inghirami, Opuscoli 
Innsbruck, Jahr. 

Innsbruck Naturwiss. 
Med. Ber. 

Innsbruck, Neue Zts. 
Innsbruck, Zts. Ferdinan- 
dcums 
Inst. 

Inst. Act. J.. 

• f- 

Inst. Brewing Trans. 

Inst. Civ. Eng. Proc. 

Inst. Egypt. Bull. ' 
Inst. Egypt. Mem.r,,^' 

Ins’!. Elect. Engin. J. ^ 
Inst. Meehan. Engin. 
Proc. 

Inst. Min. P'ng. Trans. 

Inst. Min. Met. Trans. 

r. 

Inst. Solvay Trav. 

Intell. Observer 

Inti. Bcitt. Path. Therap. 


Inti. Cougr. Appl. Chem. 
Inti. Congr. Hyg. Trans. 

Inti. Congi Zool. Proc. 
Inti. Entom.-Vc. 

Inti. Med. Congr. Trans. 
Inti. Med. Congr. Verb. 

Inti. J. Anat. , 

Inti. M^hr. Anat. 

Inti. Sugar J. 

Inti. Zentr. ‘ Baukeram. 
Glasind. , 

Inti. Zts. Metallog. , 
Invent. Rec. 

Iowa Acad. Sci. Proc. 

Iowa Univ. Lab. Natur. 
Hist. Bull. 

Ireland, Coll. Physicians 
Trans. 

Ireland, Inst. Civ. Eng. 
Trans. 


Indian Meteorologic^ Memoirs; being occasional 
Discusiipns and Compilations of meteorological 
data relating to India and the neighboring coun¬ 
tries 

,Indian Museum Notes 
Industriezeitung fiir Ungam 
Der Ingenieur ' » 

•Nuova Collezione di Opuscoli e Notizie di Scienze 
Jahj^esl^richt der k. k. O&er-Rcalschule zu Innsbruck 
Berichte (l<^s Naturwissenschaftli^h-medizinischen 
Vereines in Innsbruck 

Nefie Zeitschrift des Ferdinandeums fiir Tirol 
Zeitschrift des Ferdinandeums fiir Tirol und Voralberg 

c • 

LTnstitut 

Journal of the Institute of Actuaries (and Assurance 
Magazine) 

Transactions of the Institute of Brewing 
Minutes of the Proceedings of the Institution of Civil 
Engineers 

Bulletin de ITnstitut Egypticn 

Memoires (ou Travaux originaux) presentes (et lus) 
a ITnstitut Egypticn 

Journal of the Institution of Electrical Engineers 
Institution of Mechanical Engineers. Proceedings 

Transactions of the Institution of Mining Engineers 
Transactions of the Institution of Mining and Metal¬ 
lurgy 

Institut Solvay. Travaux de Laboratoirc 
The Intell^tual Observer 

Internationale iBeitrage zur Pathologic und Therapic, 
die Emahrangsstomngen, Stoffwcchsel und Ver- 
dauungkrankheiten 

International Congress of Applied Chemistry 
Transactions of the International Congress of Hygiene 
and Demogre.phy 

Proceedings International Congress of Zoology 
See Zurich, Soc. Ent. 

Transactions of the International Medical Congress 
Verhandlungen des Intemationalen Medicinischen 
Congresses 

Monthly International Journal of Anatomy and His¬ 
tology (Physiology) 

See Inti. J. Anat. 

International Sugar Journal, The 
Internationales Zentralblatt fiir Baukcramik un.l 
Glasindustrie 

Internationale Zeitschrift fiir Metallographie 
Inventor’s Record, The 
.Proceedings of the Iowa Academy of Sciences 
Sulletin from the Laboratories of Natural History of 
the State University of Iowa * 

Transactions of the Association of Fellows and Licen¬ 
tiates of the King’s and Queen’s College of Physi¬ 
cians in Ireland , 

The Transactions of the Institute of Civil*Engineers of 
Ireland 
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Ireland Roy. Soc. Ant. 

Proc. & Pap. 

Ireland Zool. Soc. 

Iris • 


• • 

Irish Acad. Cunningham 
Mem. 

Irish Acad. Proc. 

Irish A»ad. Trans. 

Irish Natur. 

Iron 

Iron Age 

Iron Coal Trades Rev. 

Iron Steel Inst. J. 

Iron Steel Inst. Trans. 
Isenflamm, Beitr. Zerg- 
lied. 

Isere Soc. Bull. 


Isle of Man Natur. Hist. & 
Antiq. Soc. 

Ital. P. 

Italia, Soc. Bot. Bull. 

Italia Soc. Crittog. Atti 
Italia Soc. Crittog. Com¬ 
ment. 

Italia Soc. Crittog. Mem. 
Italia, Soc. Entom. Bull. 
Italia, Soc. Zool. Boll. 
Ithaca, Cornell Univ. Bull. 
Amcr. Paleont. 

A. C. S. 

J. Adv. Tlierap. 

J Agric. 

J. agric. Hort. 

J. Agric. Prat. 

J. Agric. Sci. 

J. agric. Soc. 

J. Agric. Tropicalc 
J. allied Soc. 

J. Amer. Lea. Chem. As- 
soa., 

J. Amer. Med. Assoc. 

J. Amcr. Pjiarm. Assoc. 

J. Amer. Soc. Meehan. 
Eng. 

J.Mnal. Chem. 

J. Anat. • 

J. Anat. Physiol. 

J. Appl. Chem. 


See Dublin, Roy. Soc. Ant. Ir. Jl. 

• 

Sec Irish Natlist 

Correspondenz-BIatt dcs Entomologi.schen Vercins 
Iris zu Dresden. Iris, Dr Aden. ’ Deutsche Entorao- 
logisqjic Zeitschrift herausgegeben von dcr Gescll- 
schaft Iris zu Dresden ,in Verbindung mit der 
Jleutschen Entomologisellen Gesellschaft zu Berlin.. 
EorLsetzung des ‘•Cofrespondcnz-Blattes des Ento- 
mologischen Vereins Iris." 

Royal Irish Academy. Cunningham Memoirs 

Proceedings of the Royal Irish Acadenfy * 

The Transactions of the Royal Irish Academy 
The Irish Naturalist: a monthly Journal of general 
Irish Natural Hi.story ,. 

Iron \ . 

Iron Age 

lion Coal Trades Revjew 
The Journal of the Iron & vStecI^Institutc 
Transactions of the Iron and Stcc' Institute 
Beitrage fiir die Zerglicderungskunst * , 

Bulletin de la Society de Statistique, dcs Sciences 
naturelles et des Artsindustriels du Departement de 
ITsere 

See Yn Lioar Manninagh 

• 

Italian Patent 

Bullettino della Socicta Botanica Italiana 
Atti della Sociefe Crittogamologica Italiana 
Commentario’della Societa Crittogamologica Italiana 

• 

Memorie della Societa Crittogamologica Italiana 
Bullettino della Socicta Entomologica Italiana 
Bollettino dtlki Societa Zoologica Italiana 
Bulletins of .American Paleontology 

• 

Journal 

Journal of the American Chemical Society 
Jomnal of Advanced Therapeutics, New Yosk 
The (Quarterly) Journal of Agriculture 
Journal de I’AgricuIture, le Horticulttire, etc. 

Journal d’Agricultme pratique, etc. 

Journal of Agricultural Science * 

Journal of the*Agricultural Society * 

Journal d’Agriculturc tropicale 

Journal of the Allied Societies (Dental) * 

Journal of the American Lgathef Chemists’ Associa¬ 
tion 

Journal of the American Me(J!cal Association 
Journal of the American Pharmaceutical Association 
Journal of the AmSkican Society of Mechanical Engi¬ 
neers 

The Jounial of Analytical (and Applied) Chemistry 
Jdurnal de I’anatomie de la Physiqlope normales et 
pathologiques de I’hommc et des animaux 
The Joiumal of Anatomy and Physiology 
Journal of Applied Chemistry 
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J. Apj)l. Micr. 

J. Assoc. Eng. Soc. 

J. Biolf Chem. 

J. Bot. . , 

J. Buchdr. 

J. C. S. 

J. Camera Club . 

J. Can. Min. Inst. ' 

J. Chem. Met.'Soe. South 
Af. 

J. chim. med. 

J. chim. pliys. 


J. Chir. 

J. Chir. Augenheilki* 

J. Coll. Agric. Imp. Uuiv. 
Tokyo 

J. Comp. Path. Thcr;yi. 

J. Conch, 

J. ecole poly. 

J. Entom. 

J. Exp. Med. 

J. Exp. Zool. 

J. fabr. sucre 
J. Frank. Inst. 

J. Gasbcleucht 
J. Gaslighting 
J. Gen. Physiol. 

J. Genie Civ. 

J. Ge<*l. 

J. Goldschm. 

J. Ileb. Med. 

J. Heb. Sci. Med. 

J. Home Econ. 

J. Hygiene 
J. Ind. Eng. Chem. 

J. Indian Archiijel. 

J. Infect. Dis. 

J. lijst. Brewing 
J, Inst. Metals 
J. Inti. Aifat. 

J. Invent. 

J. Landw." 

J. Med. Chir. Phanft. 

J. Med. Paris 
J. Med. Research 
J. Microgr. 

J. Micro. Sci. 

J. Mines 


J. mines met. 
J. Mofphol. 


Journal of Applied Microsoopy 

Joumal'of the Association of Engineering Societies 

Journal of Biological Chemistry 

Journal de Botanique * 

Journal fur Buchdruckerkunst 
Journal of the Chemical Society, London 
Journal of the Camera C18b 
Journal of the Canadian Mining Institutes 
Jburfial of the Chemical, Metallurgical and Mining 
Society of South Africa ' 

Journal de chimie niedicalc, de pharmacic et de toxi¬ 
cologic 

Journal de chimie, physique, electrochemie, thermo- 
chimie, radiochimie, mechanique, chimie,.»toichio- 
metrie 

Journal de Chirurgie 

Journal der Chirurgie und Augenheilkunde 
Journal of the College of Agriculture, Imperial Uni- 
ii’crsity of Tokyo 

The Journal of Comparative Pathology and Thera¬ 
peutics 

The Journal of Conchology 

Journal de I’Ecole polytechnique 

Journal of Entomology, descriptive and geographical 

Journal of lixperimcntal Medicine 

Journal of Experimental Zoology, The 

Journal des fabricants de sucre ^ 

Journal of the Franklin Institute 

Journal fiir Gasbcleuchtung 

Journal of Gas Lighting 

Journal ot pcncral Physiology 

Journal du Genic Civil des Sciences et des Arts 

Journal of Geology 

Journal der Goldschmiedekunst und verwandtcr Ge- 
werbe 

Journal HefjOomadaire de Mcdeeine 
Journal Hebdomadaire des Progres des Sciences et 
Institutions* Medicales 
Journal of Home Economics, The 
Journal of Hygiene 

Journal of Industrial and Engineering Chemistry 

Journal of the Indian Archipelago and Eastern Asia 

Journal of Infectious Diseases 

Journal of the Institute of Brewing 

Journal oLthe Institute of Metals 

See lilt. J. Anat, 

Journal des Inventeurs 

Journal fCr Landwirtschaft 

Journal de Medccine, Chirurgie, Pharmacie 

Journal de medicine de Paris 

Journal of Medical Research 

Journal de micrographie ^ 

Quarfferly Journal of Microscopical Science 
journal des Mines, ou Rccueil de Memoires sur I’ex- 
ploitation des Mines, et sur les Sciences et les Arts 
qui s’y rapportent • • 

Journal des mines et de metallurgie 
journal of Morphology 
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J. Mus. Godellroy 


J. <Mycol. 

J. N. Kngl. Water Works 
Assdfc. 

J. Opthalmol. 

J. Omith. 

^ Papier 

J. Path. Bact. 

J. Petrole 
J. Pharm. 

J. Phafft. Anvers 
J. Pharm. Chim. 

J. Pharm. Elsass-Imth- 
ringen 

J. Pharm. Soc. Japan 

J. Pharmacol. 

J. Phot. Suppl. 

J. Phot. Soc. 

J. Phys. 

J. Phys. Chem. 

J. Phys. Chim. 

J. Physiol. 

J. physiol, path. gen. 

J. prakt. Chcm. 

J. Psychol. Med. 


J. Roy. Agric. Soc. 

J. Roy. Astron. Soc. 
Canada 

J. Roy. Inst. Pub. Health 
J. Roy. San. Inst. 

J. Roy. Soc. N. S. Wales 
0 J. Roy. U. S. Inst. 

J. Russ. Phys. Chem. Soc. 
J. S. C. I. 

J. Savants 
J.Sci. 

J. sci. math, physi. nat. 

J. Soc. Arts , 

J. Soc. Dyers Col. 

J. soc. pharm. Anvers 


J. Soc. Telegr. Eng. 

J. State Med. 

J. suisse chim. pharm. 
J. Travel • 

J, Trop. Med. 

L jj. S. Artill. 
jT Univ. Med. 


J. Univ. Sci. Med. 

J. Wash. Acad. Sci. 
J. Western Soc. Eng. 


JouAal dcs Mrseum Godaflroy. Geographische, 
Ethnographiscne und Naturwissensshaftliclm Mitt- 
heilungen 

The Journal of Mycology « » 

Journal New England Water Works Association 


Journal d’Ophthalmologi^» 

JSmnal fur Omithqjogje 

Journal de Faljricants de Papier, fonde et publie par 
L. Piette 

The Journal of Patholdfey and Bacteriology 
Journal du petrole • • 

Journal de Pharmaeie 
Journal de Pharmaeie d'Anvers 
Journal de Pharmaeie et de Chimie 
Journal de pharmaeie von Elsas^Lothrin^n 


yakagaku 7 ,as.shi (Journal of the pharmaceutical 
society of Japan) • 

Journal of Phamicology and* Experimental Thera¬ 
peutics •* 

Journal of Photographic Supplies • • • 

Journal of the Photographic Society 
Journal de Physique theorique et appliquee 
The Journal of Physical Chemistry 
Journal de Physique, de Chimie, et de I'Histoire 
Naturelle 

The Journal of Physiology * 

Journal de physiologie et de pathologic general, Paris 
Erdmarm’s Journal fiir praktisebe Chemie 
Journal of Psychological Medicine and Mental Path¬ 
ology 

Journal of the Royal Agricultural .Society 
Journal of the Royal Astronomical Society of Canada 


Journal of tht Royal Institute of Public Health 
Journal oLthe Royal Sanitary Institute 
Journal of the Royal Society of New South Whales 
Journal Royal United Service Institution 
Journal of the Russian Physical Chemical Society 
Journal of the Society of Chemical Industry 
Journal des Savants • 

The Journal of Science 

Journal de sciencias mathematicas, physicas naturaes 
Journal of th* Royal Society of Arts . 

Journal of the Society of Dyers and Colorists 
Journal dc pharmaeie, organe de la societe dapharmacie 
d’Anvers • 

Joiunal of the Society of Telegraphic Engineers 

The Journal of State Medieine 

Journal suisse de chimie et pharmaeie 

The Journal of Travel and Natural History 

The Journal of 'ftopical Medicine 

Journal of the United States Artillery 

Iputnal universel et hebdomadaire de Medecinc et de 

’ Chirurgie pratiques et des Institutions ifiedicales 

Journal Universel des Sciences Medicales 

Journal of the Washington Academy of ScienSes 

Journal of the Western Society of Engineers 
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Jaarlf Mijnw. N^derl. 

Ind. , 

Jahr. jfe Jahresbcricht 
Jahr. Agrik.-Chcm, ^ 


Jahr. Berg- u. Huttcnw. ., 

Jahr. KinderhcHk. 

Jahr. Chem. 

Jahr. Giihr. O^gan. 

Jahr. Miueral. 

Jahr. Mineral Beil.-Bd. 

/ 

Jahr. Pharm. 

Jahr. Phot. 

Jahr. Phot. Reprod. • 

Jahr. Phy. Vgr. I'rank- 
furt » 

*Jahr. Physiol. 

Jahr. Radioactiv. Ivloc- 
tronik. 

Jahr. rein. Chera. 

Jahr. Tier-Chem. 

Jahr. wiss. Bot. • 
Jamaica In.st. J. 

Jamaica P. 

Jamaica Soc. Arts. Trans. 
Jamain, Archives Oph- 
thakn. 

Jap. P. 

Jardine, Mag. Zool. Bot. 
Jena Aim. Acad. 

Jena Ann. Phys. Med. 

Jena Ann. Soc. Mineral 

Jena Denkschr. 

Jena Gcogr. Ge^. Mitth. 

Jenq Sitzber. 

Jena Zts. ' 


Jem-Kontoret’s Ann. f 
Johns Hopkins Biol. Ljb. 

Mem. • 

Johns Hopkins Biol. Lab. 
Stud. 

John* Hopkins Univ. Circ. 
Jura, Trav. Soc. Emul. 

Jurjew 

Just's»bot. Jahr. 

Kali 


Jaarbaek van het Mijnweaen in Nerderlandsch Oost- 
Indie* 

Jahrbiich 

Jahresbcricht ilber die FPirtschritte der Agrikultur- 
chemie mit besonderer Bcriicksichtigung dcr Pflanz- 
enchemic und •Vflauzenphysiologie • 

Jahrbuch fiir das Berg- uTid Huttenwesen im Konig- 
reiche Sachsen » 

Jhhrlmch fiir Kinderheilkunde ui^i physische Erziqfi- 
ung ‘ 

Jahresbcricht der Chemie (Liebig-Kopp) 
Jahresbcricht iiber die Fortschritte in der Lehre von 
den Cahrungs-Organismen (Koch) 

Nenes Jafitbuch fiir Mincralogie, Geologic uniJ Palaeon- 
tologie 

Nenes Jahrbuch fiir Mincralogie, Geologic, und 
Palacontologic, Beilage-Band 
jahresberieht der Pharmacie 
Jahrbuch der Photographic (fider) 

Jahrbuch fiir Photographic und Reproduktiontechnifc 
See Frankfurt, Jahr. Phys. Vcr. 

Jahresbcricht iilicr die Fortschritte der Physiologic 
Jahrbuch der Radioaktivitiit und Electronik 

Jahresbcricht der reinen Chemie 
Jahresbcricht iiber dcr Fortschritte dcr Ticr-Chemie 
Jahrbiicher fiir wissenschaftlichc Botanik 
Journal of the Institute of Jamaica 
Jamaioa Patent 

Transactlbps of the Jamaica Society of Arts 
Archives d'Ophthalmolgie 

Japanese Patent 

The Magazine of Zoology and Botany 
Annales Ata'dcmiae jenensis 

Die Jenaischen Annalen fiir Physiologic und Medicin 
Annalen der S'ocictiit fiir die gesammte Mineralogie zu 
Jena • 

Denkschriftpn der Mcdicinisch-Natunvissenschaft- 
lichcn Gesellschaft zu Jena 
Mittheilungen der gcographischen Gesellschaft (fiir 
Thiiringen) zu Jena 

Sitzungsberichtc dcr Jenaischen. Gesellschaft fiir 
Medicinjund Naturwissenschaft 
Jenaische Zeitschrift fiir Naturwissenschaft herausge- 
geben von . der Medicinisch-naturwissenschaft- 
lichen Gesellschaft zu Jena 
Jern-Kontoret’s Annalcr 

Memoirs from the biological laboratory of th» Johns 
Hopkins University 

Johns Hopkins University) Studies from the Bio- 
loglbal Laboratory 

The Johns Hopkins University Circulars 
Travaux dc la Society d’Emulation du Department nu 
Jura * • 

Sec Dorpat 

Just’s botanischer Jahresbcricht, Leipzig and Berlin 
Kali 
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Kampen, Mag. 

Kan. Acad. Sci. Trans. 

KanniJniv. Quart. 
Karlsruhe Bact. Inst. Arb. 

Karlsruhe Naturwiss. Ver. 
Verb. 

KJIrnten, Berg-Verei#, Zts. 
Kamten Tandesmus. Jahr. 
Kamtepi^Zts. 

Karsten 

Karsten, Archiv. 

Kassel Ver. Naturk. Ber. 
Kassel Ver. Naturk. Fcst- 
schr. 

Kastner, Archiv. Chem. 
Kastncr, Archiv. Natur- 
lehre 

Kazan Soc. Phys.-Math. 
Bull. 

Kazan Soc. Natur. Proc. 


Kazan Soc. Natur. Trans. 

Kazan Univ. Bull. 

Kazan Univ. Mem. 

Kekule, Krit. Zts. Chem. 

Kcram. Rundschau 
Kew Bull. 

Kharkov. Math. Soc. Com- 
mun. 

Kiel. Mitth. Ver. Elbe. 


Kiel, Physiol. Inst. Arb. 
Kiel, Schr. 

Kiel Univ. Mineral. Inst. 
Mitth. 

Kiev Soc. Natur. Mem. 
Kibbenh. Bot. For. 
Kibbinh. Bot. For. Fest- 
skr. 

Kibbenh. Bot. For. Medd. 
Kibt)enh. Carlsb. Lab. 
Medd. 

Kibbenh. Danskf Vid. 
&lsk. Afh. 
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Magazm voor Wjltnschappen, Kunsten, Sec. 

Transactions of the-annual meeting «f the Kansas 

0 Academy of Science ■ 

The Kansas University Quaiterly • 

Arteiten aus dem bactcriologischen Institut der tech- 
nischA Hochschule zu Karlsruhe 
Verhandlungen des NatunuiSsenschaftlischen Vereins 
in Karlsruhe , , 

Zeitschrift des ^crg- u. Hiittenmanuischen Vereins 
ftir Kamten 

Jahrbuch des naturhisto^schen Landes-Museums von 
Kamten • • 

Zeitschrift des Jlferg- und huttenmannischen Vereines 
fiir Kamten 
See Botan. Ufttcrsuch. 

Archiv fiir Mineralogie, Geogn^ie, Bertfbau, und 
Hiittcnkuiide • ' 

Bcricht des Vereins fiir Naturkimde zu Cassel 
Festschrift des Vereins Tiir Naturkunde zu Cassel zur 
Fcier seines Funfzigjiihrigen Btstehens 
Archiv. fur Cheraie und Meteorologies 
Archiv. fiir die gesammte Naturlehre • . 

Bulletin de la Societc Physico-Mathematique de 
Kazan * 

Proceedings of the Physico-Mathematical Section of 
the Society of Naturalists of the Imperial Univer¬ 
sity of Kazan 

Transactions of the Society of Naturalists of the Im¬ 
perial Univer^ty of Kazan 
Bulletin of the»Imperial University of Kazan 
Scientific Memoirs of the Imperial University of 
Kazan 

Kritische Zeitschrift fiir Chemie, Physik, und Mathe- 
matik; sec^lso Zts. Chem. 

Keramische Hlindschau 

Royal (Bofcmic) Gardens, Kew. Bulletin of Mis¬ 
cellaneous Information 

Communications de la Soci4tb Mathematique de 
Kharkov 

Mittheilungen des Vereins nbrdlich der Elbe zur 
Verbreitung naturwissenschaftlichei* Kenntnisse in 
Kiel 

Arbciten aus dem Kicler physiologischen Institut 
Schriften der tlnivcrsitat zu Kiel , 

Mittheilungen aus dem Mineralogischcn Institut der 
Universitiit Kiel . 

Memoires de la Sociftb des Natuialistes de Kiev 
See Bot. Tidsskr. * 

Festskrift, udgivet af den tBotaniske Forening i 
Kibbenhavn i Anledning df dens Halvbundredaars 
fest, den 12 April, 1890 

Mcddelelser fra den Botaniske Forening i Kjobenhavn 
Meddelelser fra Carlsberg Laboratoriet 

Det Kongelige Danskc Videnskabemes Selskabs 
naturvidenskabelige og mathematiske Afhand- 
linger • • 
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Kiobenh., Dansk. ■ Vid. Det '^ongelige 'Danske' Videnskabcmes Selskabs 
Seljk. Skrift.. S k r i f t c r. Naturvidenskabelig og Mathematisk 

Afdeling . 

Kiobenh. Ent. Fof. • See Ent. Medd. (Kiobenh.) m 

Kiobenh., Ovcrsigt Oversigt over det Kongelige Danske Videnskabemes 

Selskabs FoAandlingar og dels Mehlemmers 
■» Arbejder i Aaret 1874(-83).. .samt. med en R4sumi 
, du Bulletin de VAatdemie Royale Danoise des Sciences 
el des, Leltres pout I’annee 1874(-83) • 

Kiobenh., Reg. Soc. Med. ^Acta Regiae ,Societatis Medicae Havniensis 
Acta. 

Kiobehh., Vificnsk. Forh. Videnskabelige Forhandlinger ved Sioelland Stifts 
Landemde 

Kiobenh, Vidensk. Mcddcl. Videnskabelige Meddelelser fra den Natuhfiistoriske 
Forening i Kjobenhavn 
K. K. Ge?. Aerzte^ See Med. Jahr. 

Klausenburg See Kolozsvar 

Kliniek Klinick 

Klug, Jahr. Insect. Jahrbucher der Insectenkunde, etc. 

Koll. Chem. Beihcft^ Kolloidchemischc Beihefte 

KoIIoi(FZts. " Kolloid-Zeitschrift 

^ Kolozsvar Orvos-Termesz. Ertesito a "Kolozsvari Orvos-Termeszettudomanyi 
Tars. Ertes. Tarsulat” -nak az ... orvosi, termeszettudoraanyi 

, szakiileseirol.Proceedings of the Medical and 

natural history sections of the Klausenburg Medical 
and Natural History Society 

K. Svenska Vet-Aka^. Kongl. Svenska Vetenskaps-Akaderniens Handlingar 
Konigsb. Archiv. Konigsberger Archiv fiir Naturwissenschafften und 

Matheniatik 

Konigsb. Med. Jahr. Kdniijsitergcr medicinische Jahrbucher; herausgegeben 

von dera Verein fiir wissenschaftliche Heilkunde zii 
, Konigsbefg 

Konigsb. Schr. Schriften der physikalisch-okonomischen Gescllschaft 

zu Kiinigsljerg in Preussen 

Kosmos (I,wow) K o s in o s, Czasopismo polskiego Towarzystwa 

przyroiriikow imienia Kopemika. (Cosmos. The 
Journal of the Polish Society Naturalists founded 
in honor of Copernicus) 

Krain Mus.-Ver. Mitth. See Laibach, Mus.-Ver. Krain Mitth. , 

Krakow Akad. (Mat.-Przy- Pamictnik •Akademii Urniejetnoscj w Krakowie. Wyd- 
rod) Pam. zial Matematyezno-Przyrodniezy. (Memoires of 

' the Academy of Science in Cracow. Section of 

Mathematics and Natural Science) 

Kfakow Akad. (Mat.-Pr/.y- Rozprawy i Spawozdania z Posiedzen Wydzialu 
rod) Rozpr. Mateiltatyczno-Przyrodniczego Akademii Umiejet- 

nosci. (Proceedings of the Scctii^i of Mathematics 
• and Natural Science of the Academy of Science) 

Krakow, Akad. • (Mat.- Rozprawy i Sprawozdania z Posiedzen Wydzialu 
Przyrod.) Rozpr.” & Matcmatyczno-Przyrodniczego Akademii Umiejet- 

Spraw. nosci. (Proceedings of the Section of Matlidnatics 

and Natural Science of the Academy of Science) 
Krakow Kom. Fizyogr. Aki^cmija Umiejetnosci w Krakowie. Sprawozdanie 

Spraw. Komisyi Fizyograficznej _ (Academy of Science 

in Cracow. Report of the Physiographical pom- 
mission) , * 

Krakow, Roezn. Tow. Roeznik Towarzystwa Naukowegd z Uniwersytetem 
Nauk. Jagiellonskim Zlaczonego 

Krakau, UntersucH. Path. Untersuchungen aus dem Pathologiach-Anatomischen 
Anat. Institute in Krakau 




tiST OK ABBREVIATIONS TO I^TERATURB* 


^ix 


Rreutzer’s Jahr. Phot. 
Kristiania, Geogr. Selsk. 
Arb. 

Kristiania, Norw. Mar. 

InvKStig. Rep. 

Kroyer, Ifeturhist. Tidssk. 
Kflhn-Arcniv. 


Kult. Ing. 

Kunst. 

Lab. Club. Trans. 
Laboratory 

Laibach, Jjhr. Gymnas. 
Laibach, Jahr. Realschule 

Laibach, Jahresh. 

Laibach. Mus.-Ver. Krain 
Mitth. 

Lancet 
Landb. Cour. 

Landshut Bot. Ver. Ber. 
I,andw. Centr. 

Landw. Jahr. 


Landw. Jahr. Schweiz 
I,andw. Presse 
Landw. Versuchs-Stat. 
Landw. Ztg. 

Laon, Soc. Acad. Bull. 
Laurent Ann, Anat. 


Laurent Gerhardt, Compt. 
rend. 

, Lausanne, Bull. Soc. Med. 

' Lausanne, Bull. Soc. Vaud. 

Lausitz. Monatschr. 


Leather 
Leather Mfr. 

Leather Tr. Rev. 

Leather World 
Lederind. 

Ledermarkt 
Leeds, Tfans. Phil. Soc. 

I/Cicester, Lit. Phil Soc. 
Selection 

Leiqptter Soc. Rep. 
Leicester Soc. TraiS. 


Kreutzsf’s Jahresbeiyht der Photographic 
Dct Norske Gcogranske Selskabs 'Arbog 

{te^rt on Norwegian Fishery and Marine Investiga¬ 
tions • • 

Naturhistorisk Tidsskrift 

Kiihn-Arcniv. (formerly Berichte aus dem physio- 
lo^schen Laboratorium undtler Vcrsuchsanstalt des 
Landwirtschaftlichcninstituts dcr Universitat Halle 
Der Kultur-Ingenieur (P. Diinkelberg) 

Kunstoffc j 

Transactions of the Laboratory Club 
The Laboratory • * 

Jahre.sbericht des k. k. Ober-Gymnasiums in Ivaibach 
Jahresbericht der k, k. scibstandigen Unter-Rcalschule 
zu Laibach 

Jahresheft des Vereins des Kratnis^en Lanyes Mus¬ 
eums in I.aibach 

Mittheilungen des Mirseal-Vereins ftir Krain 

The Lancet, London 
Landbouw-Courant 

Bericht des Botanischen Vereines in Landshut * 
Igindwirthscliaftliches Centralblatt fiur Deutschland 
I.gmdwirthschaftlichc jahr^fleher. Ze tschrift fur wis- 
senschaftliche Landwirtlischaft und Archiv. dcs 
Kdniglich Preussischen laindes Oekonomie-Kolleg- 
iums • 

Landwirtschaftliches Jahrbuch der Schweiz 
I,andwirtschaftliche Presse 
Die landwirthschaftlichen Versuchs-Stationen 
Landwirtschaftllthe Zeitung 
Bulletin de la Sociit^ Academique de Laon , 
Annalcs Francaises et Etrangeres d’Anatomie et de 
Physiologic, appliquccs a la Medecine et a I’Histoire 
Naturelle •. 

Comptes rendu# Mcnsuels dcs Travaux Chemiques 

• 

Bulletin de la Soci4t4 Medicale de la Suisse Romande 
Bulletin dcs Seances de la Sociit4 Vaudoise dcs Sciences 
Natureilcs 

I,ausitzische (und neuc I.gmsitzische) Monatschrift 
Organ der Oberlausitzischen Gescllschdft der Wissen. 
schaften 
Leather 

Leather Mauufafturcr 
Leather Trades Review 
l,cather World, The 

I,edermdustrie (Deutsche Gerber-Zekung) 

Ledermarkt, Der. (See also Collegium) 

Transactions of the Philosophjtal and Literary So¬ 
ciety of Leeds 

Selection of Paper* of the Literary and Philo¬ 
sophical Society of I,eicestcr 
Leicester Literary and Philosophical Society... Re¬ 
port of the Council 

Transactions of the Leicester I.iterary and Philo¬ 
sophical Society 
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I^Me 

I^iiden, Ann. Acad. 
Leidsn, Tijd!>chr. Entom. 
Leipzig, Abh. Jablon. Ges. 


Leipzig, Abh. Math. Phys. 


Leipzig, Arbeit. Physiol. 
Anst. 

Leipzig, Astron. Ges. Vier- 
teljl 

Leipzig, Ber. Math. Phys. 


Leipz. Farb. Ztg. 

Leipzig Jablon. Preisschr. 

Leipzig, Monatschr. Text. 
Ind. 

Leipzig, Naturf. Ges. Sitz- 
ber* 

Leipzig, Physiol. Anst. 
Arb. 

Leipzig, Schr. Naturf. Ges. 
Leipzig, Verb. Med. Ges. 
Leyden Mus. Notes- 
1 ^0, Mag. 

Leoben, Berg. u. Hutt. 
Jahr. 

Leonhard Bronn 
Leonhard Bronn, Jahr. 

lyeonhard Bronn, Nen. 
Jahr. 

Leonhard, Taschenbuch 
Leonhard, Zts. 
Leopold.-Carol. Deutsch. 

Akad. Naturf. 
Leopoldina 


Letters on Brewing 
Moades 
Licht. 

Liege, Ann. Acadi 
Liege Assoc. Ingen. Anhu. 
Liege, Mem. Soc. Einul. 
Liege, Mem, Soc. Sci.' 

Leige Lab. Frcdericq Trav. 

Lille Inst. Zool. Trav. 


See T^yden 

Annaks Academiae Lugduno-Batavae 
Tijdschrift voor Entomologie 

Abhandlungen bei Beguindung dcr k, Sdchsischen 
Gesellschaft der Wissenschafteii am Tagt: der 
zweihundertjahrigcn Geburtsfeier Ix;ibnizens 
Abhandlungen Mer Matheraatisch-Physischen Classe 
der Koniglich Sachsi^hen Gesellschaft der Wissen- 
ochaften ’ 

Arbciten aus der physiologischen An.stalt zti Leipzfig 

Vierteljahrsschrift der Astronomischen Gesellschaft 

Berichtc iiber die Verhandlungen (Math. Phys. 
Classe) der Koniglich Sachsischen Gescilschaft der 
Wis.scnschaftcn zu Leipzig 
Leipziger Filrber- und Zeugdnicker-Zeitung 
Preisschriften gekront und herausgegeben von der 
fiirstlich Jablonowski’ schen Gesellschaft zu Leipzig 
Leipziger Monatsschrift fiir Tcxtil Industrie 

Sitzungsbcrichtc der Naturforschenden Gesellschaft 
zu Leipzig 

Arbeitcn aus dcr Physiologischcn Anstalt zu Leipzig 

Schriften der Naturforschenden Gesellschaft zu Leipzig 
Verhandlungen dcr Medicinisclien Gesellschaft 
Notes from the Leyden Museum 
Magazin fiir Ilcilkimde und Naturwissenschaft in 
Pohlen 

Berg; -und Iluttenmannischcs Jalirbuch dcr k. k. 

MontSn. Lehranstaltcn zu Leoben und Pribram 
See Neucs Jahr. Mineral 

Jahrbuch fiir Mincralogie, Gcognosie, Geologie, und 
Petrefaktenkunde 

Neucs Jal-rbuch fiir Mincralogie, Gcognosie, Geologic 
und Pitrefaktenkunde 
Taschenbuch fifr die gesammte Mincralogie 
Zeitschrift fiir Mincralogie 
See Ac. Nat. Curios. Nova Acta. Leopoldina 

Leopoldina) Amtliches Organ dcr Kaiserlichen Leo- 
poldino-Carolinischen Deutschen Akademie der 
Naturforscher 
Letters on Brewing 

Revue hebdomadaire des Sciences et de lours application 
Licht: Zeitschrift fiir Photographic: herausgegeben 
vom Photographischen Verein. zur Berlin 
Annales Academiae Leodiensis 
See Rev. Univ. Mines ^ 

Meraoires de la Soci6t4 Libre d’Emulation defLeiege 
Memoires de la Socidt4 (Royale) des Sciences de I’Agri- 
Qiilture, ct des Arts a Liege 
Universite de Liege. Institut de Physiologic. Tra- 
vaux du Laboratoire dc Leon Fredericq o „ 
Travaux de ITnstitutZoologique de Lille et du Labora¬ 
toire dc Zoologie Maritime de wimereux (Pas-de- 
Calais). Travaux de la Station Zooiogique de 
Wimereux 



IJST OF ABBRBVIATIONS TO llITfeR/TORB^ 
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Lille Mem. Soc. 

Lille, Mem. Soc. Sci. 

Lille, Seances Publ. 

Lille, Tray. 

Lille, Trav. Mem. 

Lima, Mem. Cien. Nat. 

Limbourg, Soc. Sci. Bull. 

Limoges, Assises 

Lmdblom,*Bot. Notiser 
Linn 

Linn Entom. 

Linn. Soc. J. 

Linn. Soc. Trans. 

Linn. Soc. Proc. 
Linne.ska Samf. Handl. 
Linz, Ber. 

Lisboa, Acad. Sci. Mem. 

Lisboa, Actas 

Lisboa, Ann. 

Lisboa, J. Math. Sci. 


Litterar. Annal. 

Liverpool Biol. Soc. Proc. 

Liverpool, Lit. Phil. Soc. 
Proc. 

Liverpool Mar. Biol. 
Comm. 

tiverpool Med. Chir. J. 
Liverpool School Trop. 
Med. Mem. 

Liverpool, Thompson 
Yates Lab. Rep. 

Loc. Gov. Bd. Rep. (Med. 
Off.) 

London 

London, Arm. Med. Surg. 

London, Cryst. Soc. Proc. 
London Elec. Soc. Proc. 
London, Fed. Inst. Brew- 

.i»K J- 

London J. Med. 

London, Med. P8ys. J. 
London, Med. Soc. Trans. 


Memoires de la Soci4t4 (Imperiale) des Sciences, ’de 
rAgrfculture et des Arts de Lilte • 

Memoires de la Soci6t4 (Royale) des Sciences, etc., a 
, Lille • 

Seances Publiques de la Soci£^ des Amateurs 
Recueil des Travaux de la Sociite d’Amateurs des 
Scienefe, de PAgriculturc, et des Arts a Lille 
Travaux et Memoires de I’Universite de Lille 
Meifiorias de Cienci^ Naturales y de Industrial 
(Lima) ^ * 

Bulletin de la SociAt6 Scientifique et Litteraire du 
Limbourg • 

Assises scientifiques de Limoges (Institutjdes Prpvices 
de France) 

Botaniska Notiser 

Linnaea; ein Journal fur die Botanik 
Linnaea Entomologica •• 

The Journal of the Linnean Society. Batany and 
Zoology 

The Transactions of thc«Linncan Society of London 
Proceedings of the Linnean Society of London 
Linneska Samfundets Handlingar for ar JK)2 
Bericht fiber das Museum Francisco-Carolwum in 
Linz * 

Historia e Memorias da Academia Real das Sciencias 
de Lisboa • 

Actas das Sessoes da Academia Real das Sciencias de 
Lisboa 

Annaes das Sciencias c Lettras • 

Jornal de Sciencias Mathematicas, Physicas e Naturaes 
publicado sob os Auspicios da Academia Real das 
Sciencias de<Lisboa 

Litterarische Annalen der gesammten Heilkunde 
Proceedings and Transactions of the Liverpool ^Bio¬ 
logical Society 

Proceedings pf the Literary and Philosophical Society 
of LiverpexJ) 

See Liveri^r Biol. Soc. Proc.; Liverpool Biol. Soc. 

Proc. & Trans.; Liverpool Lit. Phil. Soc. Proc. 
Liverpool Medico-Chirurgical Journal 
Liverpool School of Tropical Medicine. Memoirs 


The Thompson Yates Laboratories R^ort 

.. .Annual Report of the Ixical Government Board. 
Supplementcontaining the Reports of the Mcaical 
Officer • 

See Int. Congr. Hyg. Trans., 1891; Int. Congr. Zool. 

Proc. 1898 , 

Annals of Medicine and Surgery,* Records of the oc¬ 
curring Improvements, &c.. 

Proceedings of the Crystallological Society 
Proceedings of the London Electrical Society 
Joumd of the FeArated Institutes of Brewing con¬ 
taining the Transactions of the various Institutes 
j^ndon Journal of Medicine 
'nie Medical and Physical Journal 
Transactions of the Medical Society of I.ondon 



,^IST ,OF ABBREVIATIONS TO BITERATOPE 
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London, Obstet. Soc. 
Trans. 

London, Odont. Soc. Trans. 
I,ondon Path. Soc. Trans. 
Load. Phof. Soc. 

London Phys. Soc. Proc. 
London Physiol. J. 

London Poly. Rev. 
London, Poly. Mag. 

London, Sci. Soc. Proc. 
London, Soc. Imp. Med. 

Trans. 

Lotos 

Lousiana Planter 
Louvaine, Ann. Acad. 
Lowell OBs. Ann. 

Lucca, Atti Accad. 

Lumiire 
Lumi^re elec. 

Lund, s'.cta Univ. 


Lund Bot. F6r. 

Lund, Phys. Sallst. Tidskr. 
Luneb., Dcnkschr. 

Luneb., Jahr. Naturwiss. 
Ver. 

Luneb. Jheft. Naturwiss. 
Ver. 

Luxdtnb., Inst. Roy. Publ. 
Luxemb. P. 

Luxemb. Soc. Bot. Rcc. 
Mem. Trav. 

Luxemb. Soc. Sci. Natur. 
Lyon 

Lyon, Acad. Sen Mem. 

Lyon Mus. Hist. Natur. 
Archiv. 

Lyon SoCjAgric. Ann. 


Lyon Soc. Bot. Ann 
Lyon, Soc. Linn. Ann. 
Lyon, Soc. Linn. Compt. 

rend. • 

Lyon, Soc. Sci. Med. Mem. 

Lyon Univ. Ann. 

Maandbl. Natuurweten. 


Transactions of the Obstetrical Society of London 

Transactions of the Odontolorical Society of London 
Transactions of the Patbylogical Society of London 
London Photographic Society 
Proceedings of tjie Physical Society of London 
London Physiological Journal 
The London Polytegbnic Review and Magazine 
Polytechnic Magazine and Journal of Science, Letters, 
and Fine Arts p 

Proceedings of the Scientific Society of London 
Transactions of the Society for the Improvement of 
Medical and Chirugical Knowledge 
Lotos, Jahrbuch fur Naturwissenschaft inv.Auftrage 
der Vereines "Lotos” 

Ix)uisiana Planter and Sugar Maufacturer, The 
Annales Academiae Lovaniensis 
Annals of the Lowell Observatory 
Atti della R. Accademia Lucchese di Scienze, Lettere, 
et Arti 

La Lumiere; Revue de la Fhotographie 
Lumiere electrique. La 

Acta Universitatis Lundensis. Lunds Iniversltets 
Ars-skrift. Afdelningen for Mathematik och Natur- 
vetenskap 

See Bot. Centrbl.; Bot. Notiser 
Physiografiska Sallskapets Tidskrift 
Dcnkschriften des naturwissenschaftlichen Vereins 
fiir das Fiisrtenthum Liineburg 
Jahresbericht fiber die Thatigkeit des naturwissen- 
schaftUchen Vereins in Liineburg 
Jahreshelte des Naturwissenschaftlichen Vereins fur 
das Furstantum LCneburg 

Publications de ITnstitut Royal Grand-Ducal de 
Luxembourg: Section des Sciences Naturelles 
Luxemboti^-g Patent 

Recueil de-' Memoircs et des Travaux publics par la 
Soci6ti Botanique du Grant-Duche de Luxembourg 
Soci^t£ des Sciences Naturelles du Grand-Duche de 
Luxembourg 

Lyon scientjfique et industriel 
Memoires de I’Academie des Sciences, Belles-Lettres, 
et Arts de Lyon 

Archives du Museum d’Histoire naturelle de Lyon 

Annales dk la Sociiti d’Agriculture, Histoire naturelle 
et Arts utiles de Lyon. Annalec de la Soci^td 
d’Agriculture, Sciences et Industrie de Lyon 
Annales de la Soci4ti Botanique de Lyon 
Annales de Soc4ti4 Linneenne de la Lyon 
Comptes Rendus des Travaux de la Soci4t4 de Mbdecine 

Metqpires et Comptes-Rendus de la Sod4t4 des 
Sciences Medicales de Lyon 
Annates de I’Universite de Lyon >■. 

Maandblad voor Natiiurwetenscbaj^pen, uitgegeven 
door de Sectie voor Natuurweten«:happen van het 
Gennotschap ter Bevordering van Natuur-, Geneef- 
en Heelkunde te Amsterdam 
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Machirian Lyceum, Con- 
trib. 

Macon Acad. Ann. 


Macon, Agric. Corapt. 
rend. 

Macon Soc. Compt. rend. 


Madras J. 

Madras Quart. J. 

Madrid 

Madrid Agad. Cien. Mem. 

Madrid, Anales Hist. 
Natur. 

Madrid, Anales Minas 
Madrid, Aniiar. 

Madrid, Bol. 

Madrid, Ingcn. Ind. Anales 
Madrid, Mem. 

Madrid, Revista 

Madrid, Soc. Hist. Natur. 
Anales 

Mag. Gesammt. Thicrheilfc. 
Mag. Natur. Hist. 


Mag. Natur. Phil. 

Mag. Naturvid. 

Mag. Zool. 

Magdeb. V. Ver. Abh. 
Naturwiss. 

Magdeb. V. Ver. Festschr. 
Naturwiss. 

Magdeb. V. Ver. Jahr. Abh. 
» Naturwiss. 

Magendie, J. Physiol. 
Magyar Akad. Kites. 
(Math. Termesz.) 


Magyar Bdripar 
Magyar Nemzeti Muzeum 
Magyar Termt. Tars. 
Magyar Tud. Akad. Kites. 


h^gyar Tud. Akad. Krtek. 
(Math.) 


Contii^tions of the Maclurian Lyceum to the Arts 
and Kienccs ,' . 

Annales de 1’Academic de Macon. Soci^U des Arts, 

• Sdences, Belles-Lettres et (d’)Agriculturc* (de 
Saone-et-Loire) • • 

Comptes Rendus des Travaux de la Sociiti d'Agri- 
cultur!, Sciences, et Belles-Lettres 
Compte Rendu des Travaipf de la Soci4t4 (d’Agri- 
ctllture), des Sciences^ Arts et Belles-lettres, de 
Macon . 

The Madras Journal of Literature and Science 
Madras Quarterly Joumdl of Medical Science 
See Congr. Int. Hig. Act. 1898 • * 

Memoires de la Real Academia de Ciencias Kxactas, 
Kisicas y Naturales de Madrid 
Anales de Historia Natural 

• •• 

Anales de Minas • , • 

Anuario del Real Observatorio de Madrid 
Boletin Oficial del Minigterio de Comercio 
Anales de la Asociacion de Ingeiiieros Industriales 
Memorias de la Real Academia de Cie^ii^ 

Revista de los Progresos de las Ciencias «aetas, , 
fisicas, y naturales 

Anales de la Socicdad Kspanola de Historia Natural 

Magazin fiir die gesammte Thierhcilkunde 
The Magazine of Natural History, and Journal of 
Zoology, Botany, Mineralflgy, Geology, and 
Meteorology 

The Magazine Natural Philosophy 
Magazin for Naturvidenskabeme 
Magasin de Zoologie 

Abhandlungen des Naturwisscnschaftlichen Vdteins 
zu Magdeburg 

Festschrift z»ir Feier des 25 jahrigen Stiftungstages 
des Naturfissenschaftlichen Vereins zu Magde¬ 
burg • 

Jahresbericht und Abhandlungen des naturwissen- 
shaftliehcn Vereins in Magdeburg. 

Journal de Physiologic, experimentale et pathologique 
Magyar Akademiai Krtesito. A mathematikai, es 
Termeszettudomanyi osztalyok k6zl6nye. .(Re¬ 
port of the Hungarian Academy. Communications 
of the Mathematical and Natural Science 
Sections) 

Magyar Boripar 
See Termr. Fflz. 

See Termt. KozlSn. • 

A Magyar Tudomanyos Akademia Krtesitoje. (Re¬ 
port of the Hungarian Academy of Science) 
Akademiai Krtesito a Magyar Tud. Akademia 
Megbizasabol. (f.eport by the Committee of the 
Hungarian Academy of Science) 

Krtekezesek a Mathematikai Tudomanyok kfirebdl. 
^adja a Magyar Tudomanyos Akademia, 
(Memoirs in the Mathematical Sciences. Pub¬ 
lished by the Hungarian Academy of Science) 
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' « 

« 

Magyar Tud. Akad. Ertek. Ertekezesek a Termeszettudomanyok kdrebol. 

(Termt.) ICi^dja a Mdgyar Cudomanyos Akademia. 

» (Memoirs in the Natural Sciences. Published by 

the Hungarian Acadeqjy of Science) 

Magyar Tijd. Akrd. Kvk. A Magyar Tudomanyos Akademia EvkKnyvei. 

(Annals of the Hunprian Academy of Science) 
Maine Loire Soc. Mem, Memoires de lU Sociiit^ Academique de 'Maine et 
Acad. ', Loire * 

Majocchi, Ann. Fis. Chim. , Aqnali di Fisica, Ch'mica, etc. 

Maipighia Malpighia. Kassegna mensualq di Botanica •’ 

Malta P. Malta Patent 

Malvern Field Club Trans. ' The Transactions of the Malvern Naturalists’ Club 
Mancfact. and Build. The Manufacturer and Builder 

Manchester, Engin. Proc. Proceedings of the Manchester Institution of Engi¬ 
neers ‘ ’ 

Manchester, Lit. Phil. Soc. Memoirs of the Literary and Philosophical Society of 
Mem?' Manchester 

Manchester, Lit. Ihil. Soc. Proceedings of the Literary and Philosophical Society 
Proc. of Manchester 

Manchester Micro. Soc. 'Manchester Microscopical Society. Transactions and 
Trans. ' Annual Report 

Manchester, - Owens Coll. Studies from the Biological Laboratories of the Owens 
BioL Lab. Stud. Colleg:e 

Manchester, Owens Coll. Studies in Biology from the Biological Department of 
Stud. Biol. the Owens College 

Mannheim, Jahr. ‘Jahresbericht des Mannheiraer Vereins fiir Natur- 

kunde 

Mans, Soc. Agric. Bull. Bulletin de la Soci4t4 d’Agriculture, etc,, de la Sarthc 

Mans, Soc. Bull. ' Bulletin de la Soci6t6 (Royale) d'Agriculturc, Sciences 

et Arts du Mans 

Mans, Soc. Roy. Trav. Analyse des Travaux de la Soci^ti (Royale) des Arts 
du MSMS 

Marburg, Ges. Naturwiss. Schriften der Gesellschaft zur Befdrderung der 
Sthr. gesammten Naturwissenschaften zu Marburg 

Marianini See Mem. Fis. Sperim. 

Marne, Soc. Agric. Compte Compte apnuel et Sommairc des Travaux de la 
Annuel Soci^t^VAgricole, etc., du dopartement de la Manie 

Marne, Soc. Agric. Seance Seance publiquc de la Soci6t6 d’Agriculture, etc., du 
departement de la Manie 

Marseille, Ann. Sci. Annales de Sciences et de ITndiistrie du midi de H 

France , 

Marseille Fac. Sci. Ann. Annales de la Faciilte des Sciences de Marseille 
Mapeille Lab< Zool. Mar. See Marseille Mus. Ann. 

^rav. 

Marseille, Mem. Acad. Memoires publics par I’Academie de Marseille 
Marseille, Mem. Soc. Emul. Memoirei de la Soci^tc d'^mulation dc la Provence 
Marseille Mus. Ann. Annales du Musee d'Histoire natuiylle de Marseille 

Maschiiv-Constr. Der praktische Maschinen-Construkteur (W. Uhland) 

Maschinenb. , Der Maschinenbauer 

Mass. Bd. Health Report Annual Report of the State Board of Health, Lunacy 

• and Charity of Massachusetts. Annual Rcilort of 

' the State Board of Health of Massachusetts 
Mass. Insects Report .. .^nnual Report on the Injurious and Beneficial In¬ 

sects of Massachusetts 

Mass. Med. Soc. Commun. Massachusetts Medical Society’s Communications, 

Mat. passes Le Matieres grasses , 

Maurice, Soc. Hist. Natur. Septieme Rapport Annuel sur leS Travaux de la 
Rapp. Societfi d’Histoire Naturelle de I’Lle Maurice 
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Mauritius, Meteorol. Soc. 
Proc. 

Mauritius, Meteorol. Soe. 

Trans. a 

Mliuritius P. 

Maurjtius Roy. Soc. Trans. 

Meaux, Bull. Soc. Archeol. 

•Meehan. Engin. Inst. Proc. 
Meckel, Archiv. 

Meckel, Deut. Archiv. 
Med. Assoc. J. 

Med. feot. Soc. Tran.s. 

Med. Chem. Unters. 

Med. Chir. Soc. Proc. 

Med.-Chir. Trans. 

Med. Chir. Ztg. 

Med. Congr. 


Med. Jahr. 

Med. Klinik. 

Med. naturwiss. Archiv. 
Med. Off. India Sci. Mem. 

Med. Phys. J. 

Med. Kec. 

Med. Times 
Med. Trans. 

Med. Woehcnschr. 

Med. Ztg. Russ. 

Mcdd. Gronland 
Mcdd. K. Vetenskapsakad. 

Nobel-inst. 

Meisner, Ann. 

Meisner, Anzeiger 


Melbourne 
Mem. accad. Lincei 

Mem. Accad. Sci. Torino 

]%an. Chem. Soc. 

Mem. Coll. Sci. Eng. Kyoto 

, .Mem. Fis. Sperim. 

Mem. Imp. Mineral. Soc, 
Petrograd * 

Mem. Eepidopt., St. 
Petersb. 


Proceedings, Sc. of the Meteorological Society of 
jSauritius ,' . • 

Transactions of the Meteorological Society of Mau¬ 
ritius • 

Mauritius Patent • • 

Transactions de la Soci^tS Royale des Arts et des 
Scitnccs de Maurice 

Bulletin de la SociitS d’^cheologic, Sciences, Eettres 
* ct Arts du dept, d^ Seine et Marne 
Institution of. Mechanical E'ngineers. Proceedings 
Archiv. fiir Anatomic und Physiologic 
Deutsches Archiv. fii^ die Physiologic 
Journal edited for the Provincial Medical and Surgical 
Association 

Transactions of the Medico-Botanical Society of 
London 

Medicinish-chemische UntersuchungejH' aus dem 
Laboratorium fiir angewandl% ChcniiC zu Tubingen 
Proceedings of the Royal Medical and Chirurgical 
Society of Londom 
Mcdico-Chirurgical Transactions 
Medicinisch-chinugische Zeitung • ■ 

See Congr. Int. Med. C. K., Congr. Int^Sci. Mjd. 
C. T., Congr. Med. Int. Atti., Int. Med. Congr. 
Trans., Int. Med. Congr. Verb. 

Medizinische Jahrbiiiher, von dcr K. K. GesscIIschaft 
in Wien 

Medizinische Klinik 

Medizinisch-naturwissenschaftliches Archiv. 

Scientific Memoirs by Medical Officers of the Army of 
India , 

The Medionf and Physical Journal 
The Medical Record, N. Y. 

The Medical Times, London 
Medical Transactions 
Medizinische Wochenschrift 
Medicinisjjhe Zeitung Russlands 
Meddelslscr om Gronland 

Meddelandcn Iran K. Vetenskapsakademiens Nobel- 
inslitut 

Annalon dcr allgemeinen Schweizerischen Gescllschaft 
fiir die gesammten Naturwissenschaften 
Naturwisscnschaftlichcr Anzeiger# der Allgemeinen 
Schweizerischen Gescllschaft fiir die gesammten 
Naturwissenschaften . 

See VictorHi 

Memorie della r. accademia dei Lin&i, Classe di 
scienze fisiche, mathematiche e natu^li 
Memorie della Reale Aceadpmia delle Scienze di 
Torino 

Memoirs and proceedings tof the Chemical Society of 
London prior to 1848 • 

Memoirs of th^ College of Science and Engineering, 
Kyoto Impenal University 
Memorie di Fisica sperimental 
Memoirs of the Imperial Mineralogical Society of 
Petrograd 

Memoires sur les Lepidopteres 
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Mem. Manch. Lit. Phil. 
Soc. • 

Mem. Med. Milit. 

« 

Mem. poud. salp. ’ 
Mem. rev. soc. eien. 

"Antonio Alzate” 

Mem. Soc. Ing. civ. 

Mem. Soc. Nat. Kiev. 
Mem. Valdamesi 
Mende, Soc. Agric, Bull. 

«• .. 

Mende, Soc. Agric. Mem, 


Merck’s AriW. Rep. 
Merck’s ArcHiv. ' 
Messenger Math. 

Met. 

Met. Chem. Eng, ■ 
Met. ital. • 

Met. RevF- 
Metal Ind. 

Metal Tech. 

Metall. Ind. Ztg. 
Metallarb. 

Metallurgie 

Metaxa, Ann. Med. Chir. 
Metz Acad. Mem. 

Metz, Assises 

Metz, &ance Gen. 

Metz Soc. Hist. Natur, 
Bull. 

Mex. 

Mex. P. 

Mex. Mus. Anales 
Mex. Registro Trim. 


Mex. S<}c. “Alzate'’ Mem. 
Mexique Archiv. Comm. 
Sci.. 

Meyer Bros. *Drug. 

Meyer Jahr..Chem. 
Michigan, Fish Comm.aRe- 
port 

Micro. J. 

Micro. Soc. J. 

Micro. Soc. Trans. 

Midi. Drug. 

Midi. Med. Surg. Rep, 
Midi. Quart. J. Med. Sci. 
Milano, Ann. Scienz. 


Memoim and Proceedings of the Manchester Literary 
and Flvlosophical Society ' 

Recueil de Memoires de Medecine, de Chirurgie et de 
Pharmacie Militaires ^ 

• Memorial des poudres et salpetres ' 

Memorias y revista de la sociedad cientihca "Ajitonio 
Alzate” '■ „ 

(Memoires et Compte-Re^du des travaux de la SocKt4 
(jes .Ingenicurs Civils, 'etc. 

Memoirs oi the Society Nat. Kiev.i ’ 

Memorie 'Valdamesi 

Bulletin de la Socidt^ d’Agriculture, Industrie, 
Sciences, et Arts de departement de la Lozere 
Memoires et Analyses des Travaux de la ,Socidtd 
d'Agricultxu-e, Commerce, Sciences, et Arts de la 
ville de Mende, departement de la Lozere 
Merck’s Annual Report 
Merck’s Archives, New 'Vork 
The Messenger of Mathematics 
Metkllurgical-Metallurgia 
Metallurgical and Chemical Engineering 
Metallurgia italiana. La 
The Metallurgical Review 
The Metal Industry 
Metal Technik 

Deutsche Metall-Industrie-Zeitung 
Der Metallarbeiter 
Metallurgie 

Annali medico-chimrgici. 

Memoires de I’Academie (Imperiale) de Metz 
Assises scieptifiques de Metz (lustitut des Provinces 
de France) • 

Socidtd des Lettrcs, Sciences, Arts, et Agriculture de 
Metz 

Bulletin de la Socidtd d’Histoire naturelle de Metz 

r 

Mexican, MeJIfco, Mexicane 
Mexican Patentt 

Anales del Museo Nacional de Mexico 
Registro trimestre, o Coleccion de Memorias de 
Historia, Litcratura, Ciencias, etc., por una 
Sociedad de Literates 

Memorias de la Sociedad Cientifica "Antonio Alzate” 
Archives de la Commission Scientifique du Mexique, 
publiees sous les auspices du Ministere de I’ln- 
stmetion lAiblique 

Meyer Brothers Dmggist, St. Louis > 

R. Meyer’s Jahrbuch der Chemie 
Biennial Report of the State Board of Fish Com¬ 
missioners. (Contains the Michigan Fish Comjp. 
Bull.) _ _ • 

Quarterly Journal of Microscopical Science 
Journal ^f the Royal Microscopical Society 
Transactions of the Microscopical Society of London 
Midland Drupist and Pharmaceutical Review », 
Midland Medical and Surgical Reportv 
The Midland Quarterly Journal of Medical Sciences 
Annali di Scienze e Lettere 
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Milano, Atti Ginnas. 

Milano, Atti 1st. I,omb. 

Milano, Atti Soc. Ital. * 
Milan^, Cagnola Atti 

Milano, Giom. Soc. Incor. 

Milano, 1st. a I,omb. 
Adunanze 

Milano, 1st. Lomb. Rap¬ 
port! 

Milan^, 1st. Lomb. Rend. 

Milano, Mem. 1st. Lomb. 

Milano, Mem. Tst. Lomb. 

Veneto 
Milch. Zentr. 

Milch Ztg. 

Min. Eng. World 
Min. J. 

Min. Rev. 

Min. Sci. 

Min. Sci. Press 
Min. Smelt. Mag. 


Min. Soc. J. 

Mineral. Mag. 

Mineral. Mitth. 
Mineral. Petr. Mitth. 

Mines and Minerals 
Minn. Acad. Sci. Bull. 

Minn. Acad. Sci. Pap. 

Miim. Bot. Stud. 

MiqucI, Bull. 

Misc. Ent. 

Mitau, Quatember 
Mitth. Artil. Geniew. 


Atti dell’ I. R. CEnnasio Liceate Convitto Longone in 
Milano . • 

Atti deir I. R. Istituto Lombardo di^cienze, Lettere, 
ed Arti • 

Atti della Societa Italiana^i Scignze Natural! 

Atti della Fondazione Scientifica Cagnola dalla sua 
istAuzione in poi. 

Giomale della Societa d’ijieorragiamento delle Scienze, 
* etc., stabilita in. Milano 

Solenni Aduns^ze del^. Istituto Lombardo di Scienze 
e Lettere 

Rapporti sui Progress! delle Scienze del R. Istituto 
Lombardo di Scienze . * 

Rendiconti dell’ Istituto I..ombardo di Scienze e 
Lettere:—Classe di Scienze matematiche e natural! 
Memorie dell’ I. R. Istituto Ix)mbardo di Scienze, 
etc. • ■ 

Memorie dell’ I. R. Istituto tie! regno Lombardo- 
Veneto 

Milchwirtschaftliches Zentralblatt 
Milch Zeitung • 

Mining and Engineering World 
The Mining Journal 

Mining Review, a Monthly Record of Geology 

Mining Science 

Mining and ScientificTress 

The Mining and Smelting Magazine: a monthly 
review of Practical Mining, Quarrying, and Metal¬ 
lurgy • 

See Min. Mag. 

The Minerajogical Magazine and Journal of the 
Mincralogical Society of Great Britain and Ireland 
Mineralogische Mittheilungen 
(Tsehermak’s) Mineralogische und PetrogiSphische 
Mittheilungen 
Mines and Minerals 

Bulletins the Minnesota Academy of Natural 
Sciencjjs 

The Minnesota Academy of Natmai Sciences at 
Minneapolis, Minn. Occasional Papers 
Geological and Natural History Survey of Minnesota. 

Minnesota Botanical Studies 
Bulletin des Sciences Physiques.et Naturellcs en 
Neeriande 

Miscellanea Entomologica , 

Die Quatember 

Mittheilungen fiber Gegenstande des AS-tillerie- und 


Genie-wesens . 

Mitth. Bohmen. Archit. Mittheilungen des Architekten,und Ingenicur Vereins 
Ing. Ver. im Kfinigreiche Bohmen 

htiMh- Centralst. Wiss.- Mittheilungen aus der .Centralstelle fflr wissen- 
tecE. Unters. schaftlichtechnische Untersuchungen 

Mitth. Gewerbever. Nassau Mittheilungen fur den Gewerbeverin fflr Nassau 
Mitth. Kais. Gesundhts. Mittheilungen ans dem Kaiserlichen Gesundheitsamte, 
,. Berlin 

Mitth. KOnkl. Material- Mitteiiungen aus dem Koniglichen Material prfifung- 
prfifungsam samt zu Gross Lichterfelde West 

Mitth. Hannov. Gewer- Mittheilungen des Gewerbevereins fur Hannover 
bever. 
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Mitth. Lebenstn. Hyg. 


f. 

Mitth. Jialerei 
Mitth. kbnig. Ptiufuntsans. 
Wasser-versorgung 

Mitth. Tech. Gew. Miis. 
Mitth. Tcchn. Versiich- 
samtcs 

Mitth. Zool. Sta. Neapel 
Mo. Inserts Report 


Mod. Sugar Planter 
Modena, Acdad. Sci. Mem. 

• ! 

Modena, Annu. Soc. Natur. 
Modena Atti Soc. Natur. 
Modena, Mem. Soc. Itaf. 

Modena, Relazione 


Moigno, Annu. Cosmos 
Mois chim. electrochim. 
Mois min. met. 

Mois sci. ind. 
Moleschott, Unters. 

Moll, Ann. 

Moil, Efemeriden 
Moll, jShr. Berg. 

Moll, Neue Jahr. 

Mon. ceram. verr. 

Mon. cord. 

Mon. fils. tiss. 

Mon. Ind. 

Mon. Ind. Beige 
Mon. Pap. 

Mon. Spi. 

Mon. teint. 

Monats. 


Mitteihmgen aus dem Gebiete der Lebensmittelunter- 
suchung und Hygiene verdffentlicht vom Schweizer 
Gesundheitsamt 

Technischc Mittcilungen fiir^Malerei 
r Mittcilungen aus dcr kdniglichcn Priifungsanstalt Wr 
Wasser-versorgung und Abwiisscr beseitung zu 
Berlin ^ 

' ^itteilungen aus dem Technischen Gewerbe Museum 
Mittheilungen des k. k. 'Peclmischen Versuchsamtes 
. . • 
Mittheilungen aus der zoologischen Station zu Neapel. 
6tc. 

Annual Report on the Noxious, Beneficial and other 
Insects, of the State of Missouri, made to the State 
Board of Agriculture ' 

Model Sugar Planter, The 

Memorie della Regia Accademia di Scienze, Tettcre 
ed Arti di Modena 

Annuario della Socicta dei Naturalisti in Modena 
Att^ della Societa dei Naturalisti di Modena 
Memorie di Matematica c di Pisica della Societa 
Italiana delle Scienze 

Relazione delle Adunanze della R. Accademia di 
Scienze, Lettere, cd Arti di Modena, ncll’ Anno 
Academico 1842—13 
Anhuaire du Cosmos 
Mois chimiciuc et elcctroeliimiquc, be 
Mois minier et metallurgiquc, l.e 
Mois scientifiqife et industriel, Lc 
Untersuchungen zur Natnrlehrc des Mensehen und 
der Thiciip 

Annalcn der Berg- und lliittcnkunde 
Efemeriden der Berg- und Iliittenkiindc 
Jahrbiicher der Berg- und Hiittenkunde 
Ncuc Jahrbiicher der Berg- und Hiittenkunde 
Monitcur dc h-^ccramique de la verrerie et journal du 
ceramiste ei du cliaufournicr (reiiins) 

Monitcur de la ^ordonnerie 
Monitcur des fils et tissus 
Monitcur Industriel 
Moniteur Industriel Beige 
Monitcur Papeterie. 

Moniteur Scientifi(|ue (Quesneville) 

Moniteur de la teinture des apprets et de I'impression 
des tissus 

Monatshefte* ftir Cheniie und verwandte Theile 
anderer Wisscnschaftcn. Gesannnelto, Abbhand- 
lungcn aus den Sitzungsbcrichtcn der kaiserlichen 


Monats. Dermatol. 
MonatsbI. Hannover Gewez- 
bever. • 

Monatschr. Text.-Ind. 
Monatschr. Zahn. 
Montevideo Mus. Nac. 
Anaies 

Monthly Amer. J. Geol. 
Monthly Archiv. Med. Sci. 


Akademie der Wissen.schaften 
Monatshefte fiir praktische Dermatologic 
Monatsblatt des Gewerbevereins fiir Hanover 

Leipzig^ Monatsschrift fiir Textil-Industrie 

Monatschrift fiir ZahnSrzte 

Anaies del Museo Nacional de Montevideo 

The monthly Journal of fieology and Natural Science 
Monthly Archives of the Medical Sciences 



OF 


Monthly Cons. & Trade 
Report 

Montpellier, Acad. Proces- 
Verb. 1 

Montpellier, Acad. Sci. 
Mem^ 

Montpellier Inst. Zool. 
Trav. 

lAmtpellier, Mem.* Acad. 
Sect. Med. 

Montpellier, Recueil. Bull. 

MontreaJ Natur. Hist. Soc. 
Proc. 

Montreal Phann. J. 
Montsouris 
Morphol. Arb. 

Morphol. Jahr. 

Moscou 

M0.SCOU, Comment. Soc. 
Phys. Med. 

Moscou, Soc. Natur. Bull. 
Moscou, Soc. Natur. Mem. 

Moscou, Soc. Natur. Nouv. 
Mem. 

Moscow Soc. Sci. Bull. 


Moscow XTniv. Mem. 

(Natur. Hist.) 

Moscow Univ. Mem. (Phys. 
Math.) 

Moselle, Bull. Soc. Hist. 
Natur. 

Moselle, Trav. Soc. Sci. 
Med. 

sMov. Piet. World 
Mulder, Archief. 

Mulder, Scheik. Verb. 
Muller, Archiv. 

Miinchen, Akad. Abli. 


Miincheu, Akad. Sitzber. 


Mdncllen Bot. Ver. 
Miinchen, Bull. Akad. 
Miinchen, Denkschr. 

Mikichen, Entom. Ver. 
Mittb. 

Miinchen, Oelehrte Anz. 
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The monthly Cons^ar and Trade Reports , 

» 

Extraits des Proces-Verbaux des Seances dc I’Acjdemie 
> dcs Sciences et Lettres 
Academic des Sciences et Lettres de Montpellier 

Travaux originaux du Laboratoire Zoolique de la 
Faculte des Sciences de Mbntpellier et de la Station 
Maritime de Cette . 

Memoires de UAcademie dcs Sciences et Lettres: 
Section de la Medecine 

Recueil des Bulletins publics par la SocUti Libre des 
Sciences, etc. • '' 

See Canad. Rec. Sci. 

Montreal Pharmaceutical Journal 
See under Paris 
Morphologische Arbeiten 
Morphologisches Jahrbuch 

See Congr. Tnt. Anthrop. C. R. 1892, Congr. Int. Med. 

C. R. 1897, Congr. Int. Zool. fC. R.) 1892 
Commentationes Societatis Physico-Medicae apud 
Universitatem Mosquensera institutae ^ • 

Bulletin de la Sociitd Impel ialc des Naturalistes 
Memoires de la Socidte Jmperialc des Naturalistes de 
Moscou 

Nouveaux Memoires de la Socidtd Imperialc des 
Naturalistes de Moscou , 

Bulletin of the Imperial Society of Lovers of Natural 
Science, Anthropology and Ethnography, in connec¬ 
tion with th^Imocrial University of Moscow 
Scientific Melnoirs of the Imperial University of 
Moscow. Natural History Section • 

- Scientific Memoirs of the Imperial University of 
Moscow. Physico-Mathematical Section 
Bulletin de la Socittd d’Histoire Naturclle du departe- 
ment de la/loselle 

Expose dc3» Travaux de la Sociite des Sciences Medi- 
cales de la Moselle 
Moving Picture World 
Natuur- cn Scheikundig Archief. 

Scheikundige Verhandelingen en Onderzoekingen 
Archiv. fiir Anatomic, Physiologic, ufld wissensohaft- 
liche Medicin. 

Abhandlungen der Mathematisch-PhysikaMsch 
Classe der •koniglich Baycrischen Akademie der 
Wisscnschaften 

Sitzungsbcrichte der Mathcmatisch-Physikalisehen 
Clas.se der k. B. Akademie de* Wisscnschaften 
Miinchen 

See Bot. Centrbl. ‘ 

Bulletin der k. Akademie der Wisscnschaften 
Denkschriften dcr dionigl. Baierischen Akademie der 
Wisscnschaften zu Miinchen 
Mittheilungen des Miinchencr Entomologischen 
.Vereins 

Gelehrte Anzeigen 
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Mfmchen Gcs. Morphol. 

Physiol. Sitzber. 
Muncl^n, Nattrwiss. Tech. 
Comm. Abh. 

Miihchen Phof. GeS. • 
Mtinchen, Sitzber. 

Miinchen Thierarzne!-» 

Schulejahr. , 

Miinchen ThierarzU. Hoch- 
schule Jahr. 

Miinchen, Zts. Archit. 

» . 

Munic. Engin. 

Munic. J. Engin. 

Miinster, Aerzt. Ges. 

Museum Senckenb.^ 

Must Ztg. 

N. Brunsw. Natur. Hist. 
Soc. Bull. 

N. En^nd B<Jt. Club 
' N. En^ Eng. 

N. England J. Med. 

N. Erf. Erfahr. 

N. Hampshire San. Bull. 

N. Haven 

N. Idea , 

N. Med. Phys. J. 

N. Mex. Agric. Coll. Bull. 


N. Orleans Med. Surg. J. 

N. Orleans Proc. 

N. Russ. Soc, Natur. 
Mem. 

N. S. Wales, Acclim. Soc. 
Report 

N. S. Wales Dept. Mines 
Report 

N. S. Wales, Entom. Soc. 

Trans. * 

N. S. Wales Linn. Soc. 

(Macleay Mem. Vol.) 

N. S. Wales, Linn. ,Soc. 
Proc. 

N. S. Wales P. 

N. S. Wales, Phil. Soc. 
Trans. 

N. S. Wales, Roy. Soc. 'J. 

N. S. Wales, Roy. Soc. 
Trans. 

N. Y. Acad. Ann. 

N. Y. Acad. Mem. 

N. Y. Acad. Trans. 


Sitzunpsberichte djr Gesellschaft fur Morphologic 
und Physiologic in Mhnclien 
Abhandlungen der naturwissenschaftlichtechnischen 
Commission bei der Kbnigl. Baierischen Akademie 
See Wien, Photogr. Correspond. • 

Sitzungsberichte der Kdnigl. Baierischen Ajcademie 
der Wissenschaften zu Miinchen 
Jahresbcricht der k.^ Central-Thierarznei-Schule in 
. Miinchen 

Jahresbcricht der k. ThierarztlioJien Hochschule fn 
Miinchen 

Zcitschrift des Bayerischen Architckten- und Ingenieur- 
Vercins 

Municipal Engineer , 

Municipal Journal and Engineer 
Abhandlungen und Beobachtungcn der arztlichen 
Gesellschaft zu Mlimster 
Museum Senckcnbergianum 

I..eipziger Farber Zeitung (Farbcrei Musterzeitung) 
Bulletin of the Natural History Society of New Bruns¬ 
wick 

See Rhodora 

New England Engineer, The 
New England Journal of Medicine and Surgery. 
Neuste Erfindungcn und Erfalirungen 
New Hampshire Sanitary Bidletin 
See Connecticut 
New Idea (The), Detroit 
New Medical and Physical Journal 
New Mexico Agricultural College. Experiment Sta¬ 
tion. 'ias Crues, N. M. Bulletin. New Mexico 
College ‘of Agriculture and the Mechanic Arts. 
AgriculturaF Experimental Station Bulletin 
New Orleans Medical and Surgical Journal 
Proceedings of the New Orleans Academy of Sciences 
Memoirs o^the New Russian Society of Naturalists 

Annual Reports (3, 6, and 7) of the Acclimatisation 
Society of N. S. W. 

Annual Report of the Department of Mines (and 
Agriculture), New South Wales 
The Transactions of the Entomological Society of 
New South Wales 

Linnean Society of New South Wales. The Macleay 
Memorial Volume 

The Proeftdings of the Linnean Society of New South 
Wales 

New South Wales Patent 

Transactions of the Philosophical Society of New 
South Wales 

Journal and Proceedings of the Royal Society of 
New South Wales 

Tranc-actions of the Royal Society of New South 
Wales 

Annals of the New York Academy of Sciences, .I^te 
Lyceum of Natural Jlistory 
New York Academy of Sciences. Mimoirs 
Transactions of the New York Academy of Sciences. 
Late Lyceum of Natural History 
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N. Y. Acad. Med. Bull. Bulletin of the Nelr York Academy of Medicine 

N. Y. Acad. Med. Trans. Transactions of tile New York Academy of Medicine 

N. Y. Agric. Soc. Trans. Transactions of the New York Statfe Agricultural 
* Society 

N. Y. Bot. Club Bull. Bulletin of the Torrey Botanical Club 

N. Y. Eetom. Soc. J. Journal of the New York Entomological Society 

N. Y. Insects Report Report on the Noxious, Beneficial and other Insects 

•f the State of .New Yoti: 

N. Y. J. Med. New York Journal of ‘Medicine and the Collateral 

• Sciences • 

N. Y. Linn. Soc. Trans. Transactions of the Linnaean Society of New York 
N. Y. Lit. Phil. Soc. Trans. Transactions of the Literary and Philosophical Society 
of New York 

N. Y. LiKeum Ann. Annals of the Lyceum of Natural History of New 

York 

N. Y. Lyceum, Proc. Proceedings of the Lyceum of Natural HisViry in the 

City of New York • a 

N. Y. Med. J. New York Medical Journal 

N. Y. Med. Repos. Medical Repository of JJJew York 

N. Y, Med. Soc. Trans. Transactions of the Medical Sofiety of the State of 

New York , 

N. Y. Mus. Bull. University of the State of New York. Ijulletiiof the 

New York State Museum ' 

N. Y. Mus. Mem. Memoirs of the New York State Museum 

N. Zeal. Inst. Trans. Transactions and Proceedings of the New Zealand 

Institute 

N. Zeal. Inst. Min. Engin. Transactions of the New Zealand Institute of Mining 
Trans. Engineers « 

N. Zeal. J. Sci. The New Zealand Journal of Science 

N. Zeal. P. New Zealand Patent 

N. Zeal. Pap. & Rep. New Zealanc^ • Papers and Reports relating to 
Minerals and Mining 

Nachr. kdnig. Ges. Nachrichten von der kfiniglichen Gesellschaft* der 

Wissenschaften zu Gottingen. (Mathematische- 
pbysikalische Klasse) 

Nancy, Acad. Stanislas. Academic dh, Stanislas. Memoires de la Soci£t£ 
Mem. (Royale) dn Sciences, etc., de Nancy 

Nancy Soc. Sci. Bull. ' Bulletin de'la Soci^U des Sciences de Nancy 
Nancy Soc. Sci. Mem. Memoires de la Soci£t£ (Royale) des Sciences, Lettres, 

• et Arts de Nancy 

Nancy Soc. Sci. Trav. Precis analytique des Travaux de la Socidti (Royale) 
des Sciences, Arts, et Agriculture de^Nancy 
Nantes J. Med. Journal de la Section de Medecine de la Soci£t4 

Academique du departement de la Loire Inferieur^ 
Nantes, Ann. Soc. Acad. Annales de la^oci£t£ Academique de Nantes et du 
departement de la Loire Inferieure • 
NantesSoc. Sci. Natur. Bull. Bulletin de la Soci£t£ des Sciences naturelles de 
rOuest de la France 

Napoli Accad. Aspir. Ann. Annali della Accademia degli aspilanti Natmalisti 
Napoli Accad. Atti Atti della Reale Accademia deUe Scienze Pisiche e 

* Matematiche ,* 

Napoli Accad. Pontan. Atti Atti dell’ Accademia Pontaniana 
Napoli Accad. Sci. Atti Atti della Reale Accademia della Scienze e Belle 
Lettere; Sezione della Societa R. Borbonica 
Noiwli Accad. Sci. Mem. Memorie della R. Accademia della Scienze 
Napoli Giom. M^. See Giomale di Matemat. 

Napoli, Atti 1st. Incorr. Atti del Real Istituto d’Incorraggiamento alle Scienze 
Naturali di Napoli ^ ^ 
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Napoli Lucifero 
Napoli Mus. 

NapoK. Ann. Mus. Zool. 

Napoli Read.* 


Napoli Soc. Natur. Boll. ' 
Natl. Assoc, l^ctail Drug, 
Notes 
Natl. Disp. 

Natl. Drug. , 

Natl. Eclect. Med. Assoc. 
Quart. 

Natl. Glass Budget 
Natl. Insk Bull. 

# 

Natur. Can. 


Natur. Sicil. , 

NatumJ. 

Naturaleza 

Naturalist (Yorks) 

Naturaliste 

Natiure * 

Naturf. 

Natur. Hist. Review 

Naturhist. Notizen 

• 

Naturhist. Tidsskr. 
Naturwiss. Umschau 
Chem. Ztg. 

Natuurk Tijdschr. 


Nauche, J. Galvan. 
Naval Archit. .Trans. 
Naval Sci. 


Neapel Zbol. Sta., Eauna & 
Flora 

Neapel Zool. Sta. Jlitth. 
Nebraska Univ. Stud. , 

• 

Nederl. Archiv. 

Nederl. Archie! Natuurk. 
Nederl. Bot. Ver. Versl. en 
Meded. 

Nederl. Dierk. Ver. Tij^r 
schr. 

Nedirl. Entom. Veg. 


II Lulifero • . 

Museo’di Letteratura e Filosofia 
Annuario del Museo Zoologico della R. Universita di 
Napoli * 

Rendiconto dell’ Accademia delle Seienze FisWhe e 
Matematiche. # (Sezione della Societa S eale di 
Napoli) *> 

Bollcttino della Societa di Naturalisti in Napoli 
Yhe Journal of the National Association of Re^il 
Druggists, Chicago ‘ 

tNational Dispensatory 
National Druggist 

The National Eelectic Medical Association Quarterly, 
Cincinnati . 

National Glass Budget 

Bulletin of the Proceedings of the National Institu¬ 
tion for the Promotion of Science 
Le Natiualiste Canadian. Bulletin de Recherches, 

, Observations et Decouvertes se rapportant a 
I'Histoire naturelle du Canada 
II Naturalista Siciliano. Giomale di Seienze Naturali 
The Naturalists’ Journal 

La Naturaleza. Periodico cientifico de la Sociedad 
Mexicana de Historia Natural 
The Naturalist: Journal of the West Riding Con-. 

solidated Naturalists’ Society 
Le Naturaliste 
Nature 

Der Naturforscher 

The Natural History Review and Quarterly Journal of 
ScieiiiS:, 

Naturhistorische und chemisch-tcchnische Notizen 
nach den neuesten Erfahrungen 
Naturhistorisk Tidsskrift 

Naturwissenschaftlichc Umschau der Chemiker- 
Zeitungi ‘ 

Nattrurkun-dige Tijdschrift, inhoudende Phijsica, 
Chemie, Pnarmacic, Nat. Hist., &c., uitg. van wege 
het Gcnootschap; ‘‘Tot nut en vergeuocgen,” te 
Arnhem. ‘ 

Journal du Ghlvanisme, de Vaccine, etc. 

Transactions of the In.stitution of Naval Architects 
Naval Science: a Quarterly Magazine for promoting 
the improvement of Naval Architecture, Marine 
Kngin{^'ring, Steam Navigation, and Seamanship 
Fauna und Flora des Golfcs von Neapel und der 
angrenzenden Meeres-,\bschnitte licPausgegeben von 
der Zoologischen Station zu Neapel 
Mittheilungen aus der Zoologischen Station zu Neapel 
University Studies. Published by the Univers'ty of 
Nebraska * 

See Sclenka 

Nedfcrlandsch Archie! voor Genees-en Natuurkunde 
Sec Nederl. Kmidk. Arch. 

»• 

Tijdschrift der Nedcriandsche Dieikundige Vereenig- 
ing 

Sec Tijdschr. Ent. 
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Nederl. Kniidk. Archief. Ncderlandsch I^idkundig Archief , 

Nederl. l^ancet Ncderlandsch tJ^ancet. Tijdschiift aan de praktische 

Cbirurgie, etc. • 

Nederl. Tijdschr. Dier« Ncderlandsch Tijdschrift voor dc Dierkuhae, uitge- 
•kunde geven door het koninbiijk Zmlogisch Gcnootschap 

Natura Artis Magistra te Amsterdam 

Nederl. Tijdschr. Geneesk. NedCrlandsch Tijdschrift voor Genecskunde, tevens 
orgaan dcr Nederlai»ifeche Maatschappij tot de 
• Bcvordering der C^neeskunst 

* Neuchatel Soc. Spi. Bull. Bulletin de Ja SociCtC des Sciences Naturelles de 
Neuchatel 

Neucs Bergmann J. Neucs bcrgmannisches Journal 

Neues Jahr. Min. Neucs Jahrbuch fiir Mineralogiej Geolbgie und 

Palacontologie 

Neues Lausitz. Mag. Neucs Lausitizisches Magazin; untcr Mitwirkung det 

Obcrlausitzischen Gesellschaft der Wiss^nschaften 
Neue raed.-chir. Ztg. Neue medicinisch-chirurgische Zeitung * 

Neucs Nord. Archiv. Neues nordisches Archif ftir N9tur unrf Arzneikunde, 

verfasst von einer Gesellschaft nordischer Gelehrten 
Neue Preuss. Provinz. Neue Preussischc Ptivinzial-Blatter 
Blatt. 

Neu-Vorpommctn Mitth. Mittheiluugcn aus dem natunvissenschaftlichen 
Vcreins fiir Neu-Vorpomraera und RiigeiMn Greifs- 
wald 

Newbury Field Club Trans. Transactions of the ^ewbury District Field Club 
Newcastle Chem. Soc. Newcastle-upon-Tyne Chemical Society. Transac- 
Trans. tions 

Newf. P. Newfoundland Patent ^ 

Newman. Entom. The Entomologist 

Newport Natur. Hist. Soc. Proceedings of the Newport Natural History Society 
Proc. • 

Nicholson J. Journal of* Natural Philosophy, Chemistry, and the 

Arts , 

Nick. The Nickelodeon 

Niederl. Archiv. Zool. Niederliindisches Archiv. fiir Zoologie 

Niederosterr. Gewerb-Ver. Verhandlungen des NiederOsterreichischen Gewerbe- 
Verh. Vereins/ 

Niederrhein. Ges. Naturk. Sitzungsbcrichte der Niederrheinischen Gesellschaft 
Sitzber. fiir Natur- und Heilkunde zu Bonn 

Niederrhein. Ges. Organ. Organ fiir die gesammte Heilkunde; herausgegeben 
von der Niederrheinischen Gesellsdiaft fiir Natur- 
und Heilkunde zu Bonn 

Nieuw Archief Wisk. Nieuw Archief voor Wiskunde • 

Nimes Soc. Sci. Bull. Bulletin dc la SocMti d’Etude des Sciences Naturelles 

de Nimes • 

Nor. Amcr. Med. Chir. The Nortl^American Medico-Chirurgic^ Review 
Rev. 


Nor. Eng. Inst. Min. Engin. North of England Institute of Mining and Mechanical 
Trans. Engineers. Transactions • 

IJor. Staff. Field CluURep. (The) North Staffordshire (Naturalists’) Field Club 
• (and Archaeological Society). Annual Report (and 

Transactions) * 

Nord. Braband, Handel. Handelingen vajt het provinciaal Genootschap van 
prov. Genoots. Kunsten en Wetenschappen in Nord Braband 

Nord France Soc. Linn. Bulletin de la Sociiti Linneenne du Nord de la France 
BuU. 

Nord France Soc. Linn. Memoires de la Soci^ti Linneenne du Nord de la 
Mem. France 
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Nord, Mem. Soc. Agric. See Doi&i 

Nord, Soc. Agrjc. Seance Seance Pifolique de la Soci^t6 d’Agriculture. Sciences, 
P^ibl. ' ' et Arts, etc., du departement du Nord 

Nordamerik. Moqatstier. , Nordamerikanischer MonatA>ericht ftir Natur- tmd 
Heilkunde * 

Norddeut. Landwirth Der norddeutsche Landwirth 

Nordisches Archiv. Nordisches (u. Neues Nordisdies) Archiv. fflr Natur- 

kunde iind Arznciwiss»nschaft 

Norf. Norw. Natur, Soc, Transactions of the Norfolk and Norwich Naturalists’, 
Trans. Society ' ' 

Normandie Sec Caen 

Normandie Soc. Wnn. Bull. Bulletin de la Sociitd Linneenne de Normandie 
Normandie Soc. Linn. Mem. Memoires de la Society Linneenne de Normandie 
Normandie Soc. Linn. Seance Publiques de la Society Linneenne de Nor- 
Seance Publ. mandie 

Norsk TidskjVid. Litt. Norsk Tidskrift for Videnskab og Litteratur. 

Norske Videnskab. Sb ift. Det Kongelige Norske Videnskabersselskabs Skrifter i 
dct 19 de Aarhundrede 

Northampton Natur. Hist. Journal of the Northampton(shire) Natural History 
Soc. J. Society and Field Club 

Northern J. Med Northern Journal of Medicine 

Northumb. Natur. Hist. Transactions of the Natural History Society of North- 
Soc. Trans. umberland, Durham, and Newcastle-upon-Tyne 

Northwestern Drug. Northwestern Druggist (The), Minneapolis 

Norw. P. Nolwegian Patent 

Notarisia Notarisia. Commentarium Phycologicum. La 

Notarisia. Commeiitario Ficologico Generale. 

’ Parte speciale della Rivista Neptunia 

Notices of Judgment, U. S. Notices of Judgment, U. S. Department of Agri- 
Dept. Agric. culture , 

Notiz. Archit. Ver. Nieder- Notizblatt 'des Arehitekten und Ingenieur Vereins 
rhein fiir Nicderrhein und Westfalen 

Notiz; 'Riga Notizblatt des technischen Vereins zu Riga 

Nouv. Ann. Math. Nouvelles Annates de Mathematiques 

Nouv. Archiv. Miss. Sci. Nouvelles Archives des Missions Scientifiques et 

Litteraires 

Nouv. remedes Nouveaux refhedes, Paris 

Nova Acta Acad. Nat. Novorum Actoriim Acaderaiae Caesareae Leopoldino- 

Curios. Carolinae Gerraanicae Naturae Curiosoruro 

Nova Scotia Inst. Sci. Proc. (The) Proceedings and Transactions of the Nova 
& Trans. Scotian Institute of (Natural) Sciende 

Nova Scotia, Trains. Lit. Transactions of the Literary and Scientific Society of 
Sci. Soc. Nova Scotia 

NoviUtes Zool. Novitates Zoologicae, A Journal of Zoology in 

connection with the Tring Museum 
Nuov. Aun.*Sci. Natur. Nuovi Annafi delle Scienze naturali 
Nuov. Antol. Sci, Nuova Antologia di Scienze, Lettere (LettSre. Scienze) 

, ed Arti 

Nuov. Cimento II Nuovo Cimento, Giomale di Fisica, di Cbimica, e 

, di Storia Natmale ' ^ • 

Nuov. Giom. Bot. Ital. • Nuovo Giomale Botanico Italiano (e Bullettino della 
Societa Botanica Italiana) 

Nuov. Notarisia La Ndbva Notarisia. Rassegna (trimestrale) con- 

sacrata alio Studio delle Alghe (e Corollario alia 
"Sylloge Algarum Omnium”) • r 

Niimb. Natur. Ges. Abb. Abbandlungen der Natuthistorischen Gesellschaft zu 
Niiraberg 

Nye Hyjaea Nye Hygaea 
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N)rt Mag. Naturvid. 

Nyt Tidsskr. Fys. Kem. 
Oberhess. Ges. Ber. 

• 

OSontol. Soc. Trans. 

• 

OcSterr. Bot. Zts. 

Oesterr. Chem. Ztg. 
^Ocstcrr. landw. Wochenbl. 
Oesterr. Med. JaBr. 

Oesterr. Med. Wochenschr. 

Oesteor. Wochenschr. 

Oesterr. Zts. Berg. Hiit- 
tenw. 

Oesterr.-ung. Zts. Zucker- 
ind. 

Off. Gaz. 

Offenbach. Ver. Naturk. 
Ber. 

Oil Colour J. 

Oil, Paint Drug. Rep. 

Oise 

Oise Mem. Soc. Acad. 

Oken Isis 
Omaha Drug. 

Omodei Ann. Univ. 

Ontario Kntom. Soc. Rep. 
Oporto 

Ophthalm. Bibliothek 
Ophthalm. Hosp. Reports 

Ophthalmic Rev. 

Organ Rhbenzuckerind. 
Orgelb. 

' Orleans Ann. 

Orleans, Bull. 

Omis 

Omith. Jahr. 

Omith. Monatsber. 
Gmithol. 

Omithol. Ool. 

Orrted Tidsskrift 
OrvA-Tennesz. Ertes. 


Nyt Magazin fof Naturvidenskaberne 
Nyt Tidsskriff for Fysik og Kerry. 

Berichte der Oberhessischen Gesellschaft fOV Natrrr- 
ktmde und Heilktmde iy Gie^ien 
Transactions of the Odontological Society of Great 
Britain 

Oesterreichische Botanische Zertsehrift 
Oesterreiehische Chemikir Zeitung 
Oesterreichisches lanflwirtschaftlichcs Wochenblatt 
Medicinisches* Jahrbuch des k. k. Oesterreichischen 
Staates • 

Oesterreichische Mcdicitttsche Woghenschrift, als 
Ergiinzungsblatt der medicinrschcn JahrbOchcr 
Oesterreichische Wochenschrift fiir Wissenschaft, 
Kurrst, und offentUchcs Leben 
Oesterrcichsche Zcitschrift fiir Berg- luld Hiitten- 
wesen • • 

Oestcrrcichisch-rmgarische Zeitschrift fiir Zucker- 
industrie und I^andwirtschaft 
Official Gazette, United States Patent Office 
Bericht des Offenbacher Vereins fiir Natmkunde fiber 
seine Thatigkeit • . 

Oil and Colourman's Trade Journal 
Oil, Paint and Drug Reporter 
See Beauvais • 

Memoires de la Societt Academique d’Archeologie, 
Sciences, et Arts du departement de I’Oise 
Isis, Oder Encyclopadische Zdltimg 
Omaha Druggist (The), Omaha 
Annali Univcrsali dr Medicirra 
Report of tfecfEntomoIogical Society of Ontario 
See Porto 

Ophthalmologische Bibliothek • 

Ophthalmic Hospital Reports and Journal of the 
Royal London Ophthalmic Hospital 
The Ophfimlmic Review: a Quarterly Journal of 
OphthaliBic Surgery and Science 
Organ del Centralvereins ffir Riibenzuckerindustrie 
Die Orgelbauzeitung 

Annales de la Soci^tJ Royale des Sciences, Belles- 
Lettres, et Arts d’Orleans 

Bulletin des Sciences Physiques^ Medicales, et 
d'Agriculture d'Orleans 

Omis, Oder das Neuste und Wichtigste der Vfigel- 
kunde, etc^ 

Omithologisches Jahrbuch ’ 

Omithol^ische Monatsberichte 
The Ornithologist , 

The Ornithologist and Oologist 
Tidsskriff for Naturvidenskjiberae 
Orvos-Termeszettudomanyi* P'rtesitfi a Kolozsvari 
Orvos-Termeszettudomanyi Tarsulat es az Erdelyi ^ 
Museum-EgyleB Termeszettudomanyi Szakosz-' 
talyanak az. .szakfileseirfil. .(Medical and Natural 
History Proceedings of the sections of the Klausen- 
burg Medical and Natural History Society and of 
the Natural History section of the Museum Associa- 
tiop of Transylvania 
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Osnabruck, Jahr. . Jahresberjpht des Nalurwissenstfhaftlichen Vereins zti 
Osnabruck 

Ottawa Itield-Natar. Club Ottawa Field-Naturalists’ Club Transactions 
Trans. " 

Ottawa Natur. The Ottawa Naturalist ' 

OHe.st France Soc. Sci. Nat. See Nantes... 

Bull. 

Oversigt K. DaTiske Ovensigt over det Kong:lige Danske Videnskabernes 
Vidensk. Selsk. Forh. Selskabs Forhandlinger ^ 

Pacific Drug. Rev. Pacific Drug Review, Portland 

Pacific Pharm. Pacific Pharmacist 

Padova, Mem. Acad. Memorie dell' Accademia di Scienze, Dettere, ed Arti 

di Padova 

Padova, Nuovi Saggi Nuovi Saggi dcU’ Accademia di Scienze, Dettcrc, ed 

Arti di Padova 

Padova, Riv'ista Period. Rivista Periodica dei I.avori della I. R. Accademia di 
Scienze, Lcttcre, ed Arti di Padova 

Padova, Soc. Sci. Atti Atti della Socicta Veneto-Trentina di Scienze naturali 
Padova Soc. Sci. Bull. BuKettino della Socicta Veneto-Trentina di Scienze 
Naturali rcsidente in Padova 

Palermo Accad. Atti Atti della Reale Accademia di Scienze, Dettere e 

Belle Arti di Palermo 

Palermo Circ. Mat. Rend. Rendiconti del Circolo Matematico di Palermo 
Palermo, ElTeraeridi Efiermeridi scicntifiche e letterarie per la Sicilia; 

coi I.avori del R. Instituto d’incorraggiamento per 
la Sicilia 

Palermo, Giom. Sci. Natur. Giornale di Scienze naturali ed economichc, pubblicato 
per Cura della Socicta di Scienze naturali ed cco- 
nomichc di Palermo 

Palermo, Mem. Spettrosc. Memorie della Societa degli Spettroscopisti Italiani 
Ital. 

Palermo Oss. Bull. Mcteorol. Bullettino Mcteorologico del Reale Osservatorio di 
Palermo 

Palermo Oss. Ossvz. Me- R. Osservatorio di Palermo. Stazioni di Valverde 
teorol. Osservazioiy meteorologiche 

Palomba, Raccolta Raccolta di J.ettcrc, etc., intonno alia F'isica ed alle 

Mathematftlje 

Palyamunkak Palyamunkak. Termcrzetlud (Prize Ivssays of the 

Hungarian Academy) 

Pander, Beitr. Naturk. Bcitrage zur Naturkimde aus den Ostseeprovinzen 
Russlands 

Paper. Paper 

Paper-Maker Brit. Trade J. Paper Maker and British Trade Journal 
Paper Makers' Monthly J. Paper Makers’ Monthly Journal 
Paper Making Paper Making 

Paper Mill Paper Mill and Woodpulp News 

Papers Naval Archit. Papers on Naval Architecture and other subjects 

connected with naval science 
Paper Trade J. Paper Trade Journal 

Papier-Fabr. Papier-Fabrikant, Der 

Papier Ztg. Papier Zeitung 

Papierhandel Der P^picrhandel 

Papilio Papilio 

Papir J. Papir Journalen 

Par. P. Paraguay Patent ‘ ■ 

Para, Mus. Hist. Natur. Bolctim do Muscu Pafhense dc Historia Natural e 
Bob Ethnographia 

Paris, Ecad. Med. Bull. Bulletin de I’Academie de Mcdecinc 
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Paris, Acad. Med. Mem. Meiqoires de l’Ac%|iemie de Medecine 

Paris, Acad. Sci. Compt. Comptes Kendvs hebdomadaires dcs SeancJs de 

rend. I’Academie des Sciences « 

Paris, Acad. Sci. Mem. • Memoires de I’Academie des Sciences de Tlnstitut de 
France • • 

Paris, Ann. Cere. Med. Annales du Cercle Medicale 

Paris, Ann. Conserv. Annales du Conservatoire des Arts et Metiers 

Paris, Ann. Ecole Norm, Apnales scicntifiques de I'SColc Normale Superieure 

){aris, Ann. Ponts Chauss. Annales des Fonts et Chaussqts. Memoires et docu> 

• *" ments rclatits a TArt des Constructions et au 

Service de I’lngenieur 

Paris, Ann. Soc. Entom. Annales de la Soci^ti Entomologique de France 

Paris, Annaes Sci. Annaes das Sciencias, etc., por huma Sociedade de 

• Portuguezes residentes em Paris 

Paris, Annu, Med, Chir, Annuaire medico chirurgical des Hopitaux, etc., de 
Hosp. Paris 

Paris, Annu. Soc. Met. Annuaire de la Soci^t£ Meteorologique de FAincc 
Paris, Anthropol. Soc. Bull. Bulletin de la Sociit4 d’Anthropotogic de Paris 
Paris, Anthropol. Soc. Mem. Memoires de la Soci4t4 d'Anthroimlogie de Paris 

Paris, Bull. Fac. Med. Bulletins de la FacultS de Medecine de Paris et de la 

Soci^t^ etablie dans son sein • 

Paris, Bull. Soc. Aerost. Bulletin de la Soci6t^ Aerostatique eUMeteorologique 
de France ■* , 

Paris, Bull. Soc. Sci. Natur. Bulletin de la SocidU des Sciences Naturelles de Prance 
Paris, Bur. long. Annu. Annuaire pour I’An.^.publie par le Bureau des 
lAjngitudes 

Paris, Caus. Sci. Causeries Scientiliques de la Socidtd Zoologique de 

France 

Paris, Club Alpin Franc. Annuaire du Club Alpin FrancSis 
Annu. 

Paris, Com. Inti. Carte Ciel Institut de France. Academie des Sciences. Bulletin 
Bull. du Comite*Inteniational Permanent pour I’Exeeution 

Photograpliique de la Carte du Ciel 

Paris Congr. Bot. Act. Actes du Congres International de Botanique ffenu a 
Paris in aout 1867 

Paris Congr. Bot. Compt. • ...Comptes Rendus.. .Congres International de 
rend. Botaniqi^ et d’Horticulture 

Paris, Congr. Med. Inti. Congres Medical International de Paris, 1867 
Paris, Ecole Norm. Ann. Annales Scientifiques de I'Ecole Normale Superieure, 
publics sous les auspices du Ministre de I’lnstruc- 
tion Publique 

Paris, Ecole Poly. Corresp. CorresiKJudance sur TEcole Polytechnique, a I'usage 
des Eleves de cette Ecole • 

Paris, Ecole Poly. J. Journal de I’Ecole Polytechnique publie par le Conseil 

d’rnstruction de cet Etablissement . 

Paris, Ethnog. Soc. Compt. Comptes R^dus des Seances de la Soci6t4 d’Ethno- 
rend. graphie Americaine et Orientale 

Paris, Hautes Etudes Bibl. Bibliotheque de I’Ecole des Hautes Etudes.. .Section 
dcs Sciences Naturelles • 

Par», Ingen. Civ. Mem. Memoires et Compte Rendu des Travaux de la Sociiti 
des Ingenieurs Civils (de France) 

Paris, J. Bot. Journal de Botanique, par line SocUti de Botanistes 

Paris, J. Chir. Journal de Chiru{gie 

Paris, tab. Histol. Trav. Ecole Pratique des Hautes Etudes. Laboratoire 
> • d’Histologie du College de France. Travaux 

Paris, Mem. .^:ad. Med. .Memoires de I’Academie (Royale) de Medecine 

Paris, Mem. Acad. Sci. Memoires de I’Academie des Sdences 

Paris, Mem. Inst, Memoires de la Classe des Sciences mathematiques 
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Paris, Mem. Soc. Savants Memoires des Soci4t& Savants et Litteraires de la 
Repablique Francaise 

Paris, Mem. Savants Etrang. Memoires presentes par divers Savants a I’Academie 
des Sciences de I’lnstltut de France 
Paris. Mem. Soc. Sthnof. Memoires de la Soci^ti Ethnologique 

Paris, Mem. Soc. Fac. Med. Memoires de la Soci^ti de la Faculte de Medicine 

Paris, Mem. Soc. Linn. Memoires de la Soci4t4 Liwieenne de Paris 

Paris, Mem. Soc. Med. Memoires de la Soci^t4 de Medecine 

Paris, Mem. Soc. Med. Memoires de la Sociefe Medicale d’Observation 
Observ. 

Paris, Mus. Hist. Natur. Annales du Museum d’Histoire Naturelle 
Ann. 

Paris, Mus. ' Hist. Natur. Archives du Museum d’Histoire Naturelle 
Archiv. « 

Pari.s, Mus. Hist. Natur. Bulletin du Mu-seum d’Histoire Naturelle 
Bull. , . 

Paris, MUs. Hist. Natur. Centenaire de la Fondation du Museum d Histoire 
Cent. " Naturelle 

Paris. Mus. Hist. Natur. Memoires du Museum d’Histoire Naturelle 
Mem. ^ 

Paris, Mus. Hist. Natur. Nouvelles Annales du Museum d’Histoire Naturelle 
Nouv. Ann.' . . 

' Paris,*'Mus. Hist. Natur. Nouvelles Archives du Museum d’Histoire Naturelle 


Nouv. Archiv. 

Paris Obs. Ann. Annales de I’Observatoire de Paris _ 

Paris, Obs. Montsouris Annu. (Ville de Paris.) Annuaire de I’Observatoire (munici¬ 
pal de Paris, dit Observatoire) de Montsouris... 
Paris, Poids Mes. ^oc.- Comite International des Poids et Mesures. Proces- 
Verb. Verbaux des Seances 

Paris, Poids Mes. Trav. Mem. Travaux et Memoires du Bureau International des 
Poids et Mesures 

Paris, Recueil Soc. Med. Recueil del travaux de la Soci4t6 Medicale d’Observa- 
Ol^rv. tion de Paris" 

Pari^ Recueil. Trav. Soc. Recueil des Travaux lus a la Soci£t4 Medicale Alle- 
Med. Allemande mande de Paris 

Paris, Soc. Acclim. Bull. Bulletin de la Soci6t4 Zoologique d’Acclimatation 

Paris, Soc. Anat. Bull. Bulletin de (a Soci^t6 Anatomique de Paris 

Paris, Soc. Anthrop. Bull. Bulletins de la Soci4t6 d’Anthropologie de Paris 

Paris, Soc. Anthrop. Mem. Memoires de la Soci6t6 d’Anthropologie de Paris 

Paris, Soc. Biol. Mem. Comptes Rendus des Seances et Memoires de la 
Sociit^ de Biologic 

Paris, Soc. Chir. Bull. Bulletin de la Social de Chirurgie de Paris 
Paris, Soc. Chirf Mem. Memoires de la Soci^t^ de Chirurgie de Paris 
Paris, Soc. Entom. Ann. Annales de la Social Entomologique de France 

Paris, Soc. Entom. Bull. Bulletin de la Sociit^ Entomologique de France 

Paris, Soc, Geogr. Bull. Bulletin d^a Soci^ti de Geographic 

Paris, Soc. Geogr. Compt. Compte Rendu des Seances de la Soci4t6 tie Geographic 
reird. et de la Commission Centrale 

Paris, Soc. Hist. Natur. Memoires de la Soci6t6 d’Histoire Naturelle de Paris 
Mem. , “ 

Paris, Soc. Ing. Civ. Mem. Memoires et Comptes Rendus des Travaux iBe la 
Sociiti des Ingenieurs Civils 

Paris Soc. Linn. Bull. Bulletin mensuel de la Soci^t^ Linneenne de Paris 
Paris, Soc. Math. Bull. Bulletin de la Soci6t4 Mathematiqim de France 
Paris, Soc. Med. Emul. Bull. Bulletins de la Sociiti Medicale d’^ulation 
Paris, Soc. Med. Emul. Memoires de la Sociiti J'fedicale d’Enyilation 
Mem. 

Paris, Soc. Philom. Bull. Bulletin des Sciences de la Soci^ti Philomathique de 
• • Paris 
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Paris, Soc. Philom. Mem. 
Cent. 

Paris, Soc. Philom. Nouv. 
Bull. 

Parisi Soc. Philom. Proc. 
Verb., 

Paris, Soc. Phys. Seances 
Paris, Soc. Spdeol. Mem. 
Paris Tow. Nauk Scisl, Pam. 
I%ris, Trav. Soc. Aqjat. 

Parlatore, Giom. Bot. 
Parma, Giom. Soc. Med. 
Chir. . 

Passau Her. Nat. Ver. 


Memoires publies par la Soci4t£ Philomathique a 
I'octasion du Cgnx^ire de sa Fondation, 178S^1888 
Nouveau Bulletin des Sciences de la Sociiti Philomat- 
ique de Paris 

Extraits des Proces-Verbaux^es Sconces de la Soci£t£ 
Philomatique 

Seances de la Sociiti Francaisc de Physique 
Memoires de la Soci^U de ^leologie 
Patnietnik Towarzystwa Nauk Scislych w Paryzu 
Notice des Travaux dc'la Soci4U des Amatuers des 
Sciences physiques et naturelles de Paris 
Giomale Botanico Italiano 

Gioraale della Societa Medico-Chirurgiqp di Parma 

...Bcricht des Naturbistoischen Vereins in Passau 
fiir... 


Passau, Jahr. Naturhist. 
Ver. 

Pathol. Soc. Trans. 

Pavia 1st. Bot. Atti 


Pavia Lab. Crittog. Archiv. 

Peabody Acad. Mem. 
Peabody Acad. Report 

Penn. Univ. Publ. 

Penzance Soc. Trans. 

Perf. Essent. Oil Rec. 
Perthsh. Soc. Sci. Trans. & 
Proc. 

Pern P. 

Pet. Nouv. Entom. 
Petermann, Mitth. 

Peters, Zts. 




Petroleum 
Petroleum Gaz. 

Petroleu m Rev. 

Pfliiger, Archiv. Physiol. 

Pharm. 

Pharm.-Ber. Deut.-Arzbuch. 


Pharm. Centr. 
Pharm. Centralh. 
Pharm. Era 
(harm. J. 

Pharm. Post 
Pharm. Weekblld 
Pharm. Ztg. 


Jahresbcricht des Naturhistorischen Vereina ' 

• • 

Transactions of the Pathological Society of London 
Atti deir Istituto Botanico dell’ Universita di Pavia. 
Seguito deir Archivio Tricnnale del Laboratorio di 
Botanica Crittogamica , 

Archivio del Laboratorio di Botanica Crittegamica, 
presso la R. Universita di Pavia 
Memoirs of the Peabody Academy of Science 
Sixth Annual Report of the Trustees of the Peabody 
Academy of Science. 

Publications of the University of Pennsylvania 
Transactions of the Natural HUtory and Antiquarian 
Society of Penzance 
Perfumery and JJssential Oil Record 
Transactions • and Proceedings of the Perthshire 
Society of Natural Science 
Peruvian Patent • 

Petites Nouvelles Entomologiqucs 
Dr. A. Petepiann’s Mittheilungen aus Justus Perthes’ 
Geographi^her Anstalt 

Zeitschrifta ftir populate Mittheilungen aus dem 
Gebiete der Medicin, Chiturgie, und Pharmacie;, 
in Verbindung mit cinem Vereine von Aerzten 
imd Pharmaceuten der Herzogthumer Schleswig 
und Holstein 

Petroleum • 

Petroleum Gazette 

Petroleum Review , 

Archiv. fur die gesammte Physiologic des Menschen 
und der 'fhiere 
Pharmakologie 

Fharmakopoe-Bericht. Die veg^tabliscben Drogen 
des Deutschen Arzneibuches, 9'. Ausgabe, Caesar 
& Loretz, Halle , 

Pharmaceutisches Central-Blatt 
Pharmaceutische Centralhalle ftir Deutschland 
Pharmaceutical Era 

The Pharmaceutical Journal (and Transactions) 
Pharmazeutische Post 
Pharmazeutische Weekblad 
Pharmazeutische Zeitung 
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Pharm. Zts. 

Pham. Zts. Russland 
Phil. Mag. 

Phil.-Stud. 

Phil. Trans. , ^ 

Phila. Acad. Natur. Sci. J. 

Phila., Acad. Natur. Sci.' 
Proc. 

Phila. Amer. Entom. Soc. 
Phila. Coll. Pham. Joum. 
Phila. Eng. Club 
Phila. Entom. News 


Phila. Entom. Soc. Proc. 

• r 

Phila. Med. Mus. 

Phila. Med. Phys. J. 

Phila. Phot. < 
Philippine J. Sci. 
PhotnArchiv 
Phot. Bull. 

Phot. Chronik. 

Phot. J. 

Phot. Corr. (Korr.) 

Phot. Mag. • 

Phot. Mitth. 

Phot. Monats. 

Phot. News 
Phot. Rundsch. 

• 

Phot. Soc. J. 

Phot. Soc. Trans. 

Phot. Times 
Phot. Wochenbl. 

Phot. World 
Phot Ccntr. 

Phot. Ztg. 

Phys. Rev. 

Physikal.-Cliein. Zentr. 
Physikal. Meddd. 
Fhysikal. Zts. 

Physiol. Russe' 

Physiol. Soe. Proc. 
Plfltologist ■ 

Fisa, Anm^cuola ^orm. 

Pisa, Ann. Univ. Tosc,Sci; 

COGih; ” ' 

Pist.ltfiscdi. Med. Chir. 

Pisa, Nuoy. Giom. 

Pisa &c. Sci. Proc. 


Phamazeutische Zeitschrift 
PhaAi|^ceutische Zeitschrift fiir Russland 
Philosophical Magazine 
Philosophische Studien „ 

Philosophical Transactions of the Royal Society of 
London 

Journal of the Academy of Natural Science^of Phila¬ 
delphia “ 

Proceedings of the Academy of Natural Sciences of 
* Philadelphia 
See Anier. Entom. Soc. 

Journal of the Philadelphia College of Pharmacy 
Proceedings of the Engineers’ Club of Philadelphia 
Entomological News (and Proceedings of the Ento¬ 
mological Section of the Academy of Natural 
Sciences of Philadelphia) 

Proceedings of the Entomological Society of Phila¬ 
delphia 

Philadelphia Medical Museum 
•'.'he Philadelphia Medical and Physical Journal 
The Philadelphia Photographer 
Philippine Journal of Science 
Photographisches Archiv 
Anthony's Photographic Bulletin 
Photographische Chronik und allgemeine Photo- 
' graphen-Zeitung 

Wilhelm Horn’s Photographische Journal 
Photographische Korrespondenz 
Photographisches Magazine 
Photographische Mittheilungen 
Photographische Monatshcftc 
Photographic News 

Photographische Rundschau und Photographisches 
Centralblatt 

Journal of the Photographic Society of London 
Trans, of t|je Photographic .Society of London 
The Photographic Times 
RhotograpBijehes Wochenblatt 
the Photographic World 
Photographisches Centralblatt 
Deutsche Photopaphen-Zeitung 
Physical Revie’w 

Physikalisch-chemisches Zcntralblatt 

Physikalske Meddelelser 

Physikalische Zeitschrift 

Le Physialogiste Russe 

See J. Physiol. «, 

The Phytologist: a poplar Botanical Miscellany 
Annali della R. Sqttola Normale Superiore di Pisa. 

Scienze Fisiche e Matematiche 
AfluJlT della Universita Toscana. Scienza * Cos- 
“ mtdopche 

Miscdlaaea mcdico-chirurgico-farmaceutiphe raccolte 
in*Pisa 

Nuovo Giornale de’ Letterati , 

Attl della Sod6t^ Toscana di Scienze Natural! resicMte 
in Pisa , * • 
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• Pisa Soc. Tosc. Atti (Mem.) Atti della Societa Toscana di Scienze Natulali resl- 
• dente in Pis^. Memorie • 

Pisa Soc. Tosc. Atti (Proc. Arti della Societa Toscana di "Scienze Naturali residente 
Verb.) in Pisa. Processi Verbali * 

fistoja, Atti Accad. Atti della R. Accademia Pisto.jfse di Scienze, Lettere, 

, ed Arti; Memorie di Matematica e Fisca 

Plant World Plant World, The 

Plata Mus. Anales Anales del Musco de La Plata. Materiales para la 

Historia fisica y morJl del Continente Sud-Amcricano 
Plata Mus. Reyista Revista del Musco Be La Plata 

Plon Biol. Sta. Forschungs- Forschungsberichte aus der Biologischen Station zu 
ber. Plon 

Plymouth Inst. Trans. Annual Reports and Transaction^ of the Plymouth 
, Institution and Devon and Cornwall Natural 

History Society 

Pogg. Ann. Poggendord’s Annalen der Physik und Chemie 

Pogg. Ann. Bcibl. Poggendorfl's Annalen der Physik uijd Chemie Bei- 

blatter . • . 

Poligrafo II Poligrafo: Giornale di Science, Lettere, ed Arti 

Polit. 11 Politccnico • 

Pollichia, Jahr. Jahresbericht der Pollichia, cines naturwissenschaft- 

lichen Vereins der Baierischeq Pfalz (der Rhein- 
pfalz) 

Polsk. Tow. Przyrod. Koper- See Kosmos (Lwow) * 

nika 

Poly. Centr. Polytechnisches Qmtralblatt 

Poly. Centralh. Polytechnische Cenlralhallc 

Poly. Mitth. Polytechnische Mittheilungen 

Poly. Notiz. Polytechnisches Notizblat* 

Polygraph. Centr. Polygraphisches Centralblatt 

Pommer, Zts. Schweizeri^-he Zeitschrift fur Natur- und Heilkunde 

Pop. Mag. Anthropol. The Popular Magazine of Anthropology 

Pop. Sci. Mon. Popular Science Monthly 

Popular Sci. Rev. The Popular Science Review: a Quarterly Alisceljany 

of entertaining and instructive articles on Sdentific 
sub,^cts 

Pontif. Univ. Gregor. Pontificia Universita Gregoriana. Continuazione dd 
BiUlfttino ^^teorologico dell’ Observatorio del 
Cellcgio Konutno 
Port. P. Portuguese Patent 

Portland, Soc. Natur. Hist. ITocecdings of the Portland Society of Natural 
Proc. History • 

Porto, Ann. Soc. Lit. Annacs da Sociedade Lit. Portugnag 

Porto Soc. Instruc. Rev.. Revista da Sociedade de Instrttccao do Porto 

Potsdam Astrophys. Obs. Publicationen dcs Astrophysikalischen Observa- 
Publ. toriiMS zu Potsdam ' 

Pottery Gak Pottery Gazettfc 

Pottery and Gla^ Pottery and Glass 

Power Power • r 

Prace Mat.-Fiz. Ptace Materaatyczno-Fizy&nft (Klathematica! and 

‘ ^ -^PhysWagiiars)** . 

Pract. Drug. ^ . Ptacticd I^gSt and Pharttiaieutlcal Bedew of 

’ , ReviestS/fiew York . 

Piact.'Mag. The Practicffl'Magazine (Londdi)' ' / 

Pract. Meehan. J. ■ The Practical Mechanics Jouniat ' 

Practitioner The P|actiti«ieiS' , 

Prag, AbH. Pojelllpi^Krd. Ceske Spolecaostf je^. Abhandl- 

ungdl. der Kdnigl. BdhmlihlKn'"‘(^eilscbaft de^ 

WMenkhaften 
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Prag, Ceske Ak. Fr. Jos. Pomatnilf na oslavu padesaitketebo panovnickehO 
Pam.*' Jubilea <eho Veliccftstva Cisare a Krale Frantiska 

Josefa I. Vydala Ceska Akademie Cisare Frantisks 
josefa pro Vedy, Slovesn«t a Umeni. (Memoira 
. in celebration of the fifty years Jubilee of the rei£n 
of H. I. & R. M. Francis Joseph I. Published by 
the Bohemian Imperial Fraijcis Joseph Academy of 
•, Science, Literature and Art) 

Prag, Ceske Akad. Fr. Jos. Rozpravy Ceske Akadeifiie Cisare Frantiska Josefa ^ 
Rozpr. (Trida 2) pro Vedy^ Slovesnost a Umeni v Piaze. (Trida II.) 

(Transactions of the Bohemian Imperial Francis 
Joseph Academy of Science, Literature and Art 
. in Prague. Class II) 

Prag. Fr. Jos. Acad. Sci. Academic des Sciences dc I’Empereur Francois Joseph 
Bull. I. Bulletin International 

Prag, Jahr. Bohm. Mus. Jalirbiicher des Bohraischen Museums fiir Natur- und 
■ ^ Landerkunde 

Prag, Jahr. Rdalschule' Jahresbcricht der k. k. Bohmischen Ober-Realschule zu 
Prag 

Prag, Lotos Abh, Abhifiidlungen des Deutschen Naturwissenschaftlich- 

' Mcdicinischen Vereines fiir Bbhmen "Lotos” 

Prag, Monatsehr. Mus. Monatsschrift der Gcssellschaft des vaterliindischen 
, ' Museums in Bohmen 

Prag, Sitzber, Zpravy o Zasedani (Vestnik) Kralovske Ceske Spolec- 

nosti Nauk. Trida. Mathematicko-Prirodove-dec- 
ka! Sitzungsberiebte der Kiinigl. Bohmischen Gesell- 
schaft der Wissenschaften. Mathematisch-Natur- 
wissenschaftliche Classe 

Prag Sternw. Magn. Mf- Magnetische und Meteorologische Beobachtungen an 
reorol. Beob. der K. K. Stemwarte zu Prag 

Prag, Verb. Verhandlungin der Gesellschaft des vatcrlandisches 

Museums in Cohmen 

Brag, Vierteljahrschr. Vierteljahrschrift fiir die praktische Heilkunde 

Fressbur%, Corresp. Blatt, Correspondenzblatt des Vereins fiir Naturkunde zu 
Pressburg 

Pressburg, Verb. Verhandlungcn des Vereins fiir Naturkunde zu Press- 

burg . 

Presse Sci. Pres.se Scientifiqu* des Deux Mondes 

•Preuss. Bot. Ver. Sitzlx'r. Sec Kbnigsberg Schriften 

Preuss. Geod. Inst. Publ. Publication des Konigl. Preuss. Geodatischen Instituts 
Preuss. Geod. Inst. VerbfI. Verbffentlichung des Konigl. Preussisohen Geod¬ 
atischen Imstituts 
Preuss. Landes-Oekao.-Kol- See Landw. Jbiich. 
leg. Archiv. 

Pribram.Bergakad Sec Wien, Berg- u. Hiittenm. Jbuch. 

Princeton Mus. Contr. Contributions from the (E. M.) Museum of Geology 
and Archaeology of Princeton College ■ ' 

Pringsheim, Jahr. Wiss. Bot. Jahrbiicher fiir Wissenschaftliche Botanik 
Print. Reg. . Printers’ Register 

Prog, agric. viti. Progres agricole et viticole , 

Proc. Amer. Acad. Proceedings of the American Academy of Arts Sd!- 

• ences 

Proc. Amer. Inst. Elec. Proceeding of the American Institute of Electrical 
Eng. Engineers 

Proc. Amer. Micro. Soc. Proceedings of the American Microscopical Society • « 
Proc. Amer^Phann. Assoc. Proceedings of the American Phannaceu^pal Associa¬ 
tion 

Proc. Amer. Phil. Soc. Proceedings of the American Pbilosopbical Society 

€ • 
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'Proc. Amer. Soc. Civil 
Eng. 

Proc. Amer. Soc. Micro, 
^roc. Amer. Soc. Test. Ifat 

Proa Amer. Water Works 
Assoc. 

Proc. Assoc. Off. Agric. 
Chem. 

Proc. Austral. Ihst. Min. 
Eng. 

Proc. Cambr. Phil. Soc. 
Proc. Chem. Soc. 

Proo. Eng. Soc. Western 
Penn. 

Proc. Inst. Civil Eng. 

Proc. Inst. Mech. Eng. 

Proc. Natl. Wholesale Drug 
Assoc. 

Proc. Physiol. Soc. 

Proc. Roy. Soc. Edinb. 

Proc. Roy. Soc. London 
Proc. Roy. Soc. Med. 

Proc. Soc. Exp. Biol. Med. 

Proc. U. S. Naval Inst. 
Progres Med. 

Progressive Age 
Propogation ind. 


Prov. Med. Assoc. J. 
ITov. Med. Surg. A.ssoc. 

Trans. 

Psyche 

Psychol. Med. J. 

Publ. Carnegie Inst. 
Publ. ind. 

Public Analysts Proc. 
Public Health 
Pulp Paper Mag. Can. 
Pure Products 

Puy, Soc. Agric. Ann. 

Quart. J. Chem. Soc. 
Quart. J. Dent. Sci. 
•Quart. J. exp. Physiol. 
Quart. J. Geol. Soc. 
Quart. J. Math. 

Quart. J. Micro. Sci. 
Quart. J. Micro. Soc. 
Quart. J. Sri. 


Ptoceedings of (the American Society of Ciyil Engi¬ 
neers » 

Proceedings of the American Society of Microscopists 
. Proceedings of the American Society for Testing 
Materials • * 

Proceedings of American Water Works Association 

• Proceedings of the AssoeWion of Official Agricultural 
Chemists, Washington 

Proceedings Australian Institute of Mining Engineers 

Proceedings of the Cambridge Philosophical Society 
Proceedings of the Chemical Society* (London) 
Proceedings of the Engineers' S<x:iety of Western 
Pennsylvania 

Proceedings of the Institution of Civil Engineers 
Proceedings of the Institution of Mechaftical Engineers 
. Proceedings of the National Wholesale Druggists’ 
Association 

Proceedings of the Physiolodcal Society 
Proceedings of the Royal S«:iety of Edinburgh 
Proceedings of the Royal Society o> London 
Proceedings of the Royal Society of Medicine • 
Proceedings of the Society for Experimental Biology 
and Medicine . 

Proceedings of U. S. Naval Institute 
Le Progres Medical. Journal de Medccine, de 
Chirurgie ct de Pharmacig 
Progressive Age 

La Propogation industriclle. Revue mensuelle illustre 
des invfiftionr, machines, appareils et procedes de la 
France, etc. 

Journal of the Provincial Medical As.sociation 
Transactions of the Provincial Medical and Surgical 
Association 

Psychj. Organ of the Cambridge Entomological 
Club 0 

Journal of Psychological Medicine 
Publications of the Carnegie Institution of Washington 
Publication industrielle des machines par Armengaud 
Proceedings of the Society of Publie Analysts 
Public Health 

Pulp and Paper Magazine of Can&da 
Pure Products. Scientific Station for Pure Products, 
New Ymk • 

Annales de la Sociit^ d’Agriculture, Sciences, etc., du 
Puy 

Quarterly Journal of the Chemical Society 
Quarterly Journal of Dental Science. 

Quarterly Journal of experimental Physiology 
Quarterly Journal of th^Tlcological Sroiety 
The Quarterly Journal of Pure and Applied Mathe¬ 
matics a 

Quarterly Journal of Microscopical Science 
Quarterly Journal of the Microscopical Society 
The Journal of Science and the Arts Continued as the 
Quarterly Journal of Science, Literature, and Arts 
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Quebec, Lit. Hist. Soc. 
Trans. 

Queensl. P. i 

Queensl. Annu. Rep. Brit. 

N. Guinea • ' 

Queensl. Natur. Hist. Soc. 
Trans. 

Queensl. Mus. Ann. 
Queensl. Roy. Soc. Proc. 
Quekett Micro. Chtb J. 
Quetelet, Corresp. Math. 
Radium 

Railroad Eng. J.' 


Ranuzzi, Anriuario Geogr. 
Rass. minerar ' 
Rauch Staub 
Rayer, Archiv. 

Reclam, Kosmos ‘ 

« 

Records Min. 

Recueil Math. (Moscou) 

Rec. Trav. Chim. Pays- 
Bas 

Rec. Zool. Suisse , 


Transactions of the Ljterary ajid Historical Society of 
Quebec <- 

Queensland Patent 

Annual Report on British Guinea 

Transactions of the Natural History Society of Qweens- 
land •> 

' Annals of the Queensland Museum 
The Proceedings of the Royal Society of Queensland , 
Journal of the Quekett Microscopical Club 
Correspondance Mathematique et Physique 
Radium, Le 

The Railroad and Engineering Journal. The Amer¬ 
ican Railroad Journal and Van Nbstrand’s .Engi¬ 
neering Magazine have been consolidated in this 
publication 

Annuario gcographico Italiano 
Rassegna mineraria metallurgica e chimica 
Rauch und Staub 
Archives dc Medeciiie comparce 
Kosmos: Zeitschrift fiir angewandte Natunvissen- 
schaften 

Records of Mining 

Recueil Mathematique. Public par la Soci<;t4 Mathe¬ 
matique de Moscou 

Recueil des Travaux Chimiques des Pays-Bas (ct 
de la Belgique) 

Recueil Zoologique Suisse, comprenant I’Embryologie, 
■'Anatomic et I’Histologie comparees, la Physiologic, 
I’EthoIogie, la Classification des Animaux vivants 


Regensburg Bot. Ges. 
Regensljurg Bot. Ges. 
Denkschr. 

Regensburg, Bot, Ztg, 

Regensburg, Korresp. Blatt. 

Reichert, Archiv. 

Reil, Archiv. 

Reimann’s Ztg. 

Reims, Seances Acifd. 

Rend. soc. chim. ital. 

Rep. * 

Rep. Anal. Chem. 

Rep. Anat. Physiol. 

Rep. Chim. 

Rep. Chim. pure (appl.) * 
Rep. Pat. Inv. 


Rep. Math. 


et fossilcs* 

Sec Flora 

Dcnkschriftcn der Kdniglich (Bayerischen) Botan- 
ischen Gesellschaft zii Kegen.sburg 
Botanische Zeitung; hcrausg. von der k. Baier. Botan- 
ischen GesellsMiaft zu Regensburg 
Korrcspondcnj\Blatt des Zoologischmincralogischen 
Vereins in Regtnsburg 

Archiv fiir Anatomic, Physiologic, und wis.senschaft- 
liche Medicin 
Archiv. fiir die Physiologic 
Reimann’s Farberzeitung 
Seances et Travaux de I’Academie de Reims 
Rendiconti della societa chimica italiana 
Repertorium, Repertoire Repertory 
Repertorium aer analytischen Chemie.. .Organ des 
Vereins Analytischer Chemiker ' 

Repertoire gencrale d’Anatomie et de Physiologic 
pathologiques et dc Clinique chirurgicale 
Repertoire gencrale de Cliimie (1901- ), G. Jaubert 
Repertoire de Chimic pure fet appliquie) (Societe 
Chimique dc Paris, 1859-1864) 

The Repertory of Patent Inventions and other dis¬ 
coveries and improvements in arts, manufactures 
and agriculture ' 

Repertorium der literarischen Arbeitggi aus dem 
Gebifte der reiiien und angewandten Mathematik 
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* « « 

Rep. Meteorol. Repertorium fur® Meteorologie,. herausgegeben von 

der Kaiserlichen Akademie dcr Wissecschaften 
Rep. Phann. » Repertorium fiir die Pharmacie 

Rep.^hys. Repertorium der Physik • » 

Rep. Phys.-Tech. See Carl 

Rep. CHkm. Lab. Amer. Reports of the Chemical I.aboratory of the American 
Med. Ass. Medical Aiisociation, Chicglo 

Rep. Council Pharm. Cbcm. RePorts of the Council pf Pharmacy and Chemistry, 
• • American Mec^cal Association, Chicago 

Rep. H. M. Insp. 5*pl. Report of His Majesty’s Inspectors of Explosives 

Rep. N. Y. Bd. Pharm. Report of the New York State Board of Pharmacy 

Rev. Anthrop. Revue d’Anthropologie • 

Rev. Artill. Revue d’Artillerie 

Rev. Biol. Nord France Revue Biologique du Nord de la France 

Rev. Bot. Rev. de Botaniijne. Bulletin mensuel de la. Soci^t^ 

Francaise de Botanique * 

Rev. Btyol. Revue Bryologique. Bulletin bPnestriel * consacre 

a I’Etnde des Mousses ct des Hepatiques 

Rev. chim. ind. Revue de chimic industfielle et Ia revue de physique 

et de chimie * 

Rev. Cours. Sci. Revue des Cours Scientifiques de la France et de 

I’Etranger 

Rev. deux Mondes Revue des deux Mondes (Paris) 

Rev. Entom. Revue d’Entomologie publiee par la Soci^te Francaise 

d’Entomologie 

Rev. gen. Bot. Revue generale de Botanique 

Rev. gen. chim. Revue generale de chimie pure et i^rpliquee (G. Jaiibert) 

Rev. gen. lait Revue generale du lait 

Rev. gen. mat. color. Revue generale de matieres coloranles et de leurs 

applications at* textiles 

Rev. gen. sci. Revue generale*dcs sciences pure et appliquee 

Rev. Hortic. Revue Horticole, Journal d’Horticulture pratique , 

Rev. hyg. pol. sanitaire Revue d’hygiene et de police sanitaire 
Rev. Ind. Revue Industrielle 

Rev. Ind. Chim. Revue dcs industries chimiques et agricoles 

Rev. Mag. Zool. Revue et Maeazin de Zoologie, pure et appliquee 

Rev. Maritime Colon. Revue Maritime (et Coloniale) 

Rev. Med. Chir. Revue Medico-Chirurgicale de Paris 

I^v. Med. Franc. Etrang. Revue Medicale Francaise et Etrangcre 
Rev. Met. Revue de Metallurgic 

Rev. Mycol. Revue Mycologique. Recueil trimestriel illustre con¬ 

sacre a I'Etudc des Champignons * 

Rev. phot. Revue de photographic 

Rev. Quest. Sci. Revue des Questions scientifiques publiee par la 

Socifti Scientffique de Bruxelles 

Rev. Sci. (la) Revue Scientifique (de la France et de I’Etranger. 

Revue des Cours &ientifiques) 

Rev. Sci. Natur. Revue des Sciences Naturclles • 

Rev. Soc. Hyg. Aliment. Revue de la soci6tfi scientifique d’Hygicnc alimentaire 
* » et de I’alimentation rationelle'de I'homme 

Rev. Suisse Zool. Revue Suisse de Zoologie (et) JVnnales (de la Soci^ti 

Zoologique Suisse e^) du Mu.see d'Histoire Natureile 
de Geneve 

Rev.,Univ. Mines Revue universclle des Mines, de la Metallurgic, dcs 

TJfavaux Publics, des Sciences et dcs Arts Appliquee 
a rindustrie. Annuaire de 1’Association des In- 
genieurs sortis de I’Ecole de Liege 
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Rev. Vit. 

Rev. Zool. ' 

Revista Brazil. 

. ' r 

Revista, Chim. pure app. 
Revista ind. agric. Tucu- 
man ' r 

Revista Ligure 
Revista Med. Chile 
Revista Med. Cinig. Habana 
Revista Minera 
Revista redl acad. cien. 
Madrid 

Revista Telegr. 

Revista yrim. Microgr. 

• # 

Rhea 

Rheinische Monatsschr. 
Rheinl. Westphal. 

Rhcinl. Wesfphal. Corresp. 

Rheinl. Westphal. Verb. 

Rhcinl. Westphal.-Sitzber. 

Rheinpfalz Pollichi^ Fest- 
schr. 

Rheinpfalz Pollichia Jahr. 

Rbeinpfalz Pollichia Mitth. 

Rheinpfalz Pollichia Sep.- 
Ausg. 

Rhodora 

Riga, Arb. Naturf. Vei. 
Riga, Corresp. Blatt. 

Naturf. Ver. 

Rio de Janeiro Archiv. 
•Palestr. * 

Rio de Janeiro Mus. Nac. 
Archiv. 

Rio de Janeiro Mus. Nac. 
Revista 

Rio de Janeiro Obs. Annacs 
Rio de Janeiro Obs. Bol. 
Rio de Janeiro Obs. Revista 

Rio, Revista * 

Rio, Soc. Veil. Trabal. 

Riv. 

Riv. Bolognese 
Riv. Geogr. Ital. 


der 

der 

der 

der 


RcvuerViticulture' 

Revue Zoologique, par la Soci4t^ Cuvierienne 
Revista Brazileira, Journal de Sciencias, Lettras, e 
Artes 

Rcvista de chimica pure applicada 
Revista industrial y agrocfla de Tucuman 

,Revista Ligure, giorlmlc di Lettere, Scicnze, etc. 
Rcvista medica de Chile , 

Revista de Medicina y Cirugia, Habana 
Revista Minera, periodico cientifico e industrial 
Revista de la real academia de ciencias de Madrid 

Revista de Telegrafos 

Revista Triraestral Mierografica. Organo del Lab- 
oratorio Histologico de la Facultad de Medicina de 
Madrid 

Rhea, Zeitschrift fiir die gcsammte Omithologie 
'Rheinische Monatsschrift fiir praktische Aerzte 
See Bonn. 

Correspondenzblatt des Naturhistorischen Vereins 
der ITcussischen Rhcinlande und Westphalens 
Verhandlungen des Naturhistorischen Vereins 
Prenssischen Rheinlande und Westphalens 
Sitzungsbcricht des Naturhistorischen Vereins 
Prenssischen Rheinlande und Westphalens 
Festschrift zur Funfzigjahrigen Stiftungsfeier 
Pollichia, Naturwissenschaftlichen Vereines 
Rheinpfalz 

Jahresbericht der Pollichia, eines Naturwissenschaft¬ 
lichen'Vereins der Rheinpfalz 
Mittheilungefn der Pollichia, eines Naturwissenschaft¬ 
lichen Vereins der Rheinpfalz 
.. .Separat-Ausgabe der Pollichia, des Naturwissen- 
schaftliahen Vereines der Pfalz 
Rhodora.. Journal of the New England Botanieal 
Club 

Arbciten des Naturforschenden Vereins in Riga 
Correspondenz-Blatt des Naturforschenden Ver^ns 
in Riga -. . , 

Archives da Palestra Scientifica do Rio de Janeiro 

Archives do Museu Nacional do Rio de Janeiro 

RevistrFdo Museu Nacional do Rio de Janeiro... 

(Seguimento aos Archives do Musan Nacional) 
(Annacs do Imperial Observatorio do Rio de Janeiro) 
Boletim mensal do Observatorio do Rio de Janeiro 
Rcvista do Observatorio. Publicacao mensal do 
Imperial Observatorio do Rio de Janeiro * 

Revista tri memsal de Historia e Geographis: Journal 
^o Institute Historico e Gcographico Brasileiro 
Trabalhos da Sociedade Vellosiana (Bibliotheca 
Guanabarense) , 

Rivista 

Rivista Bolognese df Scienze e Leftere 
Rivista Geografica Italiana (e Bolletino della Societa 
di Studi Geografict e Coloniali in Firenze) 
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Riv. Ital. Sci. Nattir. Napoli Rivista Italiana d'j&ienze Natural! e loro Applicazioni 
pubblicata per cura degli Aspirant! Naturalist! 

Riv. Ital. Sci. Natur. Siena ,Riyista Italiana di Scienze Natural! e Bollettino del 
Naturalista Collettore, Allevatore,iColtivatore 
Rivista di Matematica 

Rivista di Mineralogia e Cristallografia Italiana 
Rivista di Patologia Vegetale,' 

Riv^ta Scientifico-Indus^iale deile principal! Scoperte 
ed Invenzioni fatte nelfe Scienze e nelie Industrie 
Rivista Sperimentale di Freniatria e di Medicina 
le^le... 

Rivista di Viticoltura ed Enologia Italiana... 

Journal de I'Anatomie et de la Physiologie normales 
et pathologiques de Thomme et des animaux 
See under Charente-Inf. 

Proceedings of the Rochester New York Acftdemy of 
Science • ' 


Riv. Slat. 

Riv. Mineral. Crist. 

Riv. Patol. Veg. 

Riv. Sci.-Ind. 

» ^ 

Riv. Sper. di Freniatna 

Riv. Vit. Ital. 

Robin, J. Auat. 

Rochelie 

Rochester Acad. Sci. Proc. 


Rochester Trans. Elec. 

Med. A.SSOC. 

Rock Products 
Rohr, Notizen 
Rollett 
Roma 

Roma, Atti Nuovi Lincei 
Roma, Atti Rcale Accad. 
Roma, Corrisp. Sci. 

Roma 1st. Bot. Annuario 
Roma Lab. Anat. Norm. 
Ric. 

Roma, Nuovi Lincei Mem. 
Roma, Oss. Coll. Rom. 
Mem. 


Transactions of the Nationai Electic Medical Associa¬ 
tion at its Third Meetihg, at Rochester, U. S. 

Rock Products ’ 

Notizen aus dem Gebiete der practischen*Pharmacie 
See Graz. 

See Congr. Med. Int. Atti, 1894 
Atti deil’ Accademia Pontificia de’ Nuovi Lincei 
Atti della Rcale Accademia dei Lincei 
Corrispondenza Scientifica in Roma per le avanza- 
mento delle Scienze, etc. 

Annuario del R. Istituto Botanico*di Roma 
Ricerche fatte nel Laboratorio di Anatomia Normale 
della R. Univer^ta di Roma 
Memorie della Ikmtilicia Accademia dei Nouvi Lincei 
Memorie del R. Osservatorio del Collegio Romano , 


Roma, R. Accad. Lincei Atti della R. Accademia dei Lincei 
(Roma), Soc. Ital. Mem. Memorie di Mathematica e di Fisica della Societa 
Italiana delle Scienze 

Roma, Soc. Studi Zool. Boll. Bolletino deil% tocieta Romans per gli Studi Zoologici 
Roma, Specola Vaticana Pubblicazioni della Specola Vaticana 
Pubbl. 

Rmna, Uff. Centr. Meterol. Annali dell’ Ufiicio Centralc di Meterologia Italiana 
Ann. 


Romer, Archiv Bot. 

Roser Wunderlich, Archiv 

Rotterdam Nieuwe Verb. 

Rouen, Bull. Soc. Emul. 

Rouen, Cjc. Sci. Bull. 

Rouen, Trav. Acad. 

Roumanie Inst. Meteorol. 
AiM 

Roy. Engin. Papers* 

Roy. Inst. J. 


Archiv ftir die Botanik • 

Archiv fiir physiologische Heilkunde. Continued as 
the Archiv. d. Heilk. • 

Nieuwe Vcrhandelingcn van het Bataafsch Genoot- 
schap der Procfondervindelijke Wijsbegeerte 
Rotterdam 

Bulletins (des travaux) de la Soci4t4 Libre d’^mula- 
tion de Rouen 

Bulletin de la Soci^U des Amis des Sciences Naturelles 
de Rouen * 

Precis analytique des Travaux de 1’ Academie des 
Sciences, Belles-Lettres, et Arts de Rouen 
Annales de I'lnstitut Meteorologique de Roumanie 
Annalele Institutului Meteorplogio al Romaniei 
Papefts on subjects connected wi& the duties of the 
Corps of Royal Engineers 

Journal of the Royal Institution of Great Britain • 
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Roy. Inst. Proc. 


. • t 

Roy. School Naval Archit. 
Ann. 

Roy. Soc. Proc. 


Rugby, Natuf. Hist. Soc. 
Reports 

Russ. Annu. Geol. Mineral. 
Russ. Annuaire Mines 
Russ..Chem. Soc. J. 

Russ. (Icogr. Ges. 

Denlcschr. * 

Russ. J. exp. Landw. 

Russ. Jahr. Pharm. • 
Russ. P. 

Russ. Phann. Zts. 

Russ. Phys.-Chcm. .Soc. J. 

Rust, Mag. 

S. Africa Chenj. Metall. 
Soc 

S. Africa Chem. Metall. 

Soc. Proc. * 

S. Africa. Mus. Ann. 

S. Africa. Phil. Soc. Trans. 

S. Austral. P. 

S. Austral. Roy. Soc. Mem. 
S. Austral. Roy. Soc. 
Trans. 

S. C. Med. Assoc. Trans. 

S. London Entom. Natur. 

Hist. Soc. Proc. 

S. Wales Inst. Civ. Engin. 
Proc. 

S. Wales Htjy. Inst. Report 


Sachs. Ingen. Ver. Mitth. 
Sachs. Meteorol. Inst. Abh. 

t 

Sachs. Thiiring. Naturwiss. 
Ver. 

Salem * 

San Fernando Obs. Marina 
An. 

Sanitary Record 

Santiago Chile, Univ. 
Anales 

Sao Paulo, Rev. Mus. 
Paulista 


Nolijes of the Proceeding^ at the Meetings bf the 
Members of the RoyaHnstitution of Great Britain, 
with Abstracts of tl^ Discourses delivered at the 
Evening Meetings 

The annual of the Royal School of Naval Arcflitecture 
and Marine Engineering • 

Abstracts of th5 Papers* printed in the Philosophical 
Transactions of She Royal Society of London, from 
l^PO to 1854 inclusive. Continued as the Prqfeed- 
ing^'of the Royal Society of London 
Reports of the Rugby School Natural History Society 

Russian Annual of Geology and Mineralogy 
Aijnuaire du Journal des Mines de Russie 
Journal of the Russian Chemical Society 
Denkschriften der Russischen Geographischen Ge.scll 
schaft zu St. Petersburg 

Russiches Journal fiir experimentelle Landwirtschaft 
Russisches Jahrbuch der Pliarmacie 
Russian Patent 

Pharmaceuti.sche Zeitschrift fiir Russland 
Journal of the Russian Physico-Chemical Society of 
the Imperial Univeisity of St. Petersburg 
Magazin fiir die gesammte Heilkunde, etc. 

The Journal of the Chemical and Metallurgical Society 
of South Africa 

The Proceedings of the Chemical and Metallurgical 
Society of South Africa 
Annals of the South African Museum 
The J'ransactions of the South African Philosophical 
Socisty 

South Australian Patent 

Memoirs of the Royal Society of South Australia 
Tran sactions and Proceedings and Report of the Royal 
Societj' of South Australia 

Transactions of the South Carolina Medical Asso- 
ciatirhi, 

(Abstract of) Proceedings of the South London Ento¬ 
mological and Natural History Society 
Proceedings of the South Wales Institute of Civil 
Engineers 

The annual report of the Council of the Royal Insti¬ 
tution of South Wales, with Appendix of Original 
Papers on Scientific Subjects 
Mittheilungen des Sachsischen Ingenieur-Vereins; 

herausg. v. d. Verwaltungsrathe des Vereins 
Abhandlungen des Konigl. Sachs."’Meteorologischen 
Institutes 

See Zts. Naturwiss. 

• 

See Essex Institute * 

^nales del Institute y Observatorip de Marina de San 
* p'emando 

Sanitary Record and Journal of Municipal Engineering, 
The • • 

(Republica de Chile.) Anales de la Universidad 

Revista do Museu Paulista 
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Sacme-et-I«ire Soc, Sc!. 
Bull. 

Saone-et-Loire Soc. Sci.’ 

Mem. • 

Sarthe, Bull. Soc. Agric. 

Savoie Acad. Mem. 

Savoie Soc. Hist. Natur. 

* Bull. . 

Savoie Soc. Hist. Natur. 

(Compt. rend.) 
Schaffliausen 
Scheik. Onderz. 

Schemnitz Bergakad. 
Scherer, J. Cbcm. 
Schlesw.-Holst. Naturwiss. 

Ver. Schr. 

Schldmilch, Zts. 

Schneider, Ann, Staatsarz- 
neik. 

School Mines Quart. 
School of Mines, Records 
Schrader, J. Bot. 

Schroder, Berig. Zcevaart. 

Schroder, Verb. Zcevaart. 

Schuh Ind. 

Schumacher, Jahr. 

Schwab. Ges. Dcnkschr. 

Schwalbe 


Schweigger, J. (Schw. J.) 
Schweiz. Alpenclub Jahr. 
Schweiz. Bot. Ges. Ber. 
Schweiz. Entom. Ges. 
Mitth. 

Schweiz. Ges, Neue 
Denkschr. 

Schweiz. Ges. Verb. 

Schweiz. Monatsschr, 
Schweiz, Naturf. Ges. 
Schweizer. Naturf. Ges. 
Verb. 

Schweiz. Phot.-Ver. 
Schweiz. Poly. Zts. 

Schweiz. Wochenschr. 

I^weiz. Zts. Heilk. 

Sci. Abst. 

Sci. Amer. 


Bi^etins de la> Soci£t£ des Sciences Naturelles de 
Saone-et-LoSft: 

Memoires de la Soci^t4 des ScieiRes Naturefle de 
. 6aone-et-Loire ‘ 

Bulletin dc la Society d'^iculAre, Sciences, etc., de 
la Sarthe 

Memoires de PAcademie,des Sciences, Belles-I,ettres 
*et Arts de Savoie • 

Bulletins de la Socidtd d’Histoire Naturelle de Savoie 

Soci^U d'Hisroire Naturelle de Savoie a Chambery 

See Schweizer. Entom. Gesell. * 

See Utrecht. Scheik. Onderzoek 
See Wien, Berg- u. Huttenm. Jahr. 

Allgemeines Journal der Chemie , • 

Schriften des Naturwissensch^ftlichen, Vereins fiir 
Schleswig-Holstein 

Zeitschrift fur Math^atik und Physik 
Annalen der gessammten Staajsarzneikunde 

School of Mines, Quarterly, The * , 

Records of the School of Mines 
Journal fiir die Botanik 

Berigten en Verhandaiingen over eenigc onderwerpen 
des Zecvaarts 

Verhandelingen en Berigten over eenige onderwerpen 
der Zeevaart-Kunde r 
Schuh Industrie 

Jahrbuch, (H. C. Schumacher, (1836-38)) 
Denkschrift|tf der Schwabischen Gesellschaft der Aerzte 
und Naturforscher 

Ornithologische Section der k. k. ZoologischuBottta- 
ischen Gesellschaft in Wien. Die Schwalbe. Ber- 
ichte des Comites fur Ornithologische Beobachtungs- 
Stationdh in Oesterreich 
Journal fiiB Chemie und Physik 
Jahrbuchfocs Schweizer Alpenclub 
Berichte der Schwcizerischen Botanischen Gescll^haft 
Mittheilungen der Schwcizerischen Entomologischen 
Gesellschaft 

Neue Denkschriften der allgemeineji Schwcizerischen 
Gesellschaft fiir die gesammten Naturwissenschaften 
Verhandlungcn der Sichweizerischen Gesellschaft fur 
die geasmmten Naturwissenschaften 
Schweizerisene Monatsschrift fiir praktische Medizin 
See Beitr. Kryptog. Schweiz. 

Verhandlungcn der Schwcizerischen Naturforschenden 
Gesellschaft ” 

See Wien, Phot. Correspond. 

Schweizerische poiytechnisclfe Zeitschrift. Unter Mit- 
wirkung des Schwcizerischen Polytechnikums, etc. 
Schweizerisch Woahenschrift fiir Chemie und Pharm- 
acie 

Schweizerische Zeitschrift fiir Heilkunde 
Science 

Science Abstracts. Physics and Electricai Engineering 
Scientific American 
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Sci. Alner. Suppl. 

Sci. Can. 

Sci. Ind. Bull. Roure- 
Bcrtrand Fils 4 ^ 

Sci. Proc. Roj^. Dublin 
Soc. 

Sci. Rev. 

Sci. Trans. Roy, Dublin 
Soc. 

Scienz. Ital. Congr. 

Sclater, Ibis 

Scott. Arbor. Soc. Trans. 
Scott. Geogr. Mag. 

Scott. Mctwrol. Soc. J. 
Scott. Micro. Soc. ftoc. & 
Trans. 

Scott. Natur. 

« 

Scott. Soc. Arts.Trans. 
Zeeman, J. Bot. 

Seifenfabr. 

Scifens. Ztg. 

Seine (Dep. de la) 

Seine, Mem. Soc. Agric. 

% 

Seine-et-Oisc, Mem. 

Seism. J. Japan 
Pelenka, Archiv Zool. 
SemffAnn. Rep. Schimmel 
& Co. 

Senckcnbcrg. Naturf. Ges. 
Abb. 

Senckenberg, Naturf. Ges. 
Ber. 

Shanghai, J. 

Shanghai, J. Lit. Soc. 

4 

Shoe Lea. Reporter 
Shropsh. Soc. Trans. 

Sicilia, Atti Soc. Acclim. 

Sidereal Messenger, 
Siebenb. Karpath. - Vcr. 

Jahr. . 

Siebold, J. GeburtshOlfe* 

Siebold Kdlliker, Zts. 
Siebdd, Lucina 

Siena, Atti Accad. 

Silbennann, Rev. Entom. 


Scientific American Supplemept • 

Scientific'^Canadian 

Scientific ct Industrial Bulletin Roure-Bertrand Fill 

Scientific Proceedings of the Royal Dublin Societt 

• 

The Scientific Review and Journal of the Inventors 
‘ Institute e . . *■ 

Sdentific Transactions of the Royal Dublin Society.. 

V • 

Nuovo Congresso degli Scienziati Italiani in Venezia; 
porzione gcologica 

The Ibis, a Magazine of General Ornithology 
Transactions of the Scottish Arboricultural Society 
The Scottish Geographical Magazine 
Journal of the Scottish Meteorological Society 
Proceedings and Transacticras of the Scottish Micro¬ 
scopical Society ^ 

A tMagazine of Scottish Natural History (and Jour¬ 
nal of the Perthshire Society of Natural Science) 
Transactions of the Royal Scottish Society of Arts 
The JoiuTial of Botany, British and Foreign 
Seifenfabrikant, Der 

Seifensiedcr Zeitung und Revue fiber die Harz, Fett 
•und Oelindustrie 
Sec (France) Soc. Agr. Mem. 

Memoires d’Agriculture par la Sociiti Agricole de la 
Seine 

Memoires de la Societe des Sciences Naturelles de 
Seine e^ Oise 

Scismologicil Journal of Japan 
Nedcrlandisches Archiv ffir Zoologie 
Semi-Annual Report, Schimmel & Co., Miltitz 

Abhandlungcm herausg. von der Senckenbcrgischen 
Naturforsenenden Gesellschaft 
Bericht fiboc die Scnckenbcrgische naturforschende 
GescU.schaft*in Frankfurt am Main 
Journal of the North-China Branch of the Royal 
Asiatic Society • 

Journal of the Literary and Scientific Society of 
Shanghai 

Shoe and Leather Reporter 

Transactions of the Shropshire Archaeological and 
NaturaUHistory Society 

Atti della Socicta di Acclimazione c di Agricoltura in 
Sicilia ’ 

The Sidereal Messenger 

Jahrbuch des Siebcnbfirgischen Karpathen*y«teins 

• 

Journal fur die Geburtshfilfe, Frauenzimmer, etfc., von 
Elias von Siebold 

Zeitsferift ffir wksenschaftliche Zoologie 
Lucina; eine Zeitschrift zur Vervollkommung der 
Entbindungskunst •• 

Atti dell’ Accademia delle Scienze di Siena detta de' 
Fisio-critici 
Revue Entomole^ique 
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Silliman, J. 

Sings^e Roy. Asiat. Soc. 

J- ' ' o 

Sitdjer. kais. Akad. Wiss. 
Wien. 

i^b. kdnig Akad. 
Miinchen 

CRzber. kiinig. Aka(l. Wiss. 
Berlin 

Sitzber. kbnig. preuss. 
Akad. 

Skand. Archiv Physiol. 
Skand. Natnrf. Forh. 


Skand. 

Forh. 

Naturf. 

Mod. 

Skand. 

Forh. 

Natur. 

Mot. 

.Skandia 



Skohtz 




Skofitz, Bot. Wochenbl. 
Skofits, Bot. Zts. 
Smithsonian Contrib, 
Smithsonian Inst. Astro- 
phys. Obs. Ann. 
Smithsonian Inst. Bur. 

Ethnol. Report 
Smithsonian Misc. Colt. 
Smithsonian Report 


Snelling’s Phot. J. 

Soc. Bot. Ital Bull. 

Soc. Broteriana 
Soc. Elvet. Sci. Naturf. 
Atti 

Soc. Entom. Ross. Horae 

Soc. Franc. Bot. 

Soc. Franc. Entom. 

Soc. Freniatr. Ital. 

Soc. Geogr. Finland 
Soc. Helvet. Actes. 

Soc. Helytf. Sci. Naturf. 

Act. ’ - ■ ■■' 

Soc. tt«L Antrop. 

Soc. ItsJ. Fis. 

Soc. Ital. Micro. Boll. 

Soc. Ital. Sci. 

Soc^Ital. Sd. Nat. 

Sot. Ligust. ScL Natur. 
Geogr. 

.Soc. Malacol. France 


The’American Jvramal of Science and Arts 
Journal of the Straits Branch of ths Royal Asiatic 
Society. Singapore 

Sitzungsberichte der kaiserSchen Akademie der Wis- 
senschaften, Wien (Mathematisch-naturwissen- 
schaftliche Klass) Abteilungen I, Ila, lib. III 
Sitzungsberichte der konigllch bayerischen Akademie 
•der Wissenschaften m Munchen 
Sitzungsber kdniglich preussischen Akademie der 
Wissenschaften zu Berlin 

Sitzungsberichte der koniglich preussischen Akademie 
der Wissenschaften ‘ 

Slrandinavischcs Archiv fur Physiologic 
Forhandlingar vid det af Skandinaviska Naturforskare 
och Lakare halina Mote i Gotheborg . 
Forhandlingeme ved de Skandinaviskc Nafurforskeres 
llte Mode i Kjobenhavn fra den 3die til den 9de 
Juli, 1873 

Forhandlingar vid de Skandinaviska Naturforskarnes 
Tolfte M6te i Stockholm fran'dgn 7 till den 14 Juli, 
1880 ' 

Skandia. Tidskrift fdr Vetenskap och Konst; utgifven 
af Svenska Eitteratur-Foreningen 
See Oestcrreich. Botan. J^eitschr. 

Oesterreichisehes Botanisches Wochenblatt 
Oesterreichische Botanische Zeitschrift 
Smithsonian Contributions to JCnowledge 
Annals of the Astrophyslcal Observatory of the 
Smithsonian Institution 

Annual Report af the Bureau of (American) Ethnology 
to the Secittary of the Smithsonian Institution 
Smithsonian Miscellaneous Collections » • 

Annual Report of the Board of Regents of the Smith¬ 
sonian Institution, showing the Operations, Expendi¬ 
tures and Condition of the Institution 
Snelling’s Phptographisches Joiunal 
See Nuovo«8ioin. Bot. Ital. 

See Coimbra, Soc. Broter. Biol. . 

^ &hwciz. Naturf. Gcs. Verb. 

Horae Societatis Entomologicae Rossicae variis ser- 
monibus in Rossia usitatis editae 
Sec Rev. Bot. *> . 

See Rev. Ent. 

See Riv. Sper.'di Freniatria 
See Fcnnia 

Actes de la Soci^t^ Helvetique des Sciences Naturelles 
See Schweiz. Natf. Ges. Verb. 

See Arch. Anlropologia ,* 

See Nuovo Cimento 

See Acireale, Soc. Kal. Micr. Boll. 

See (Roma), Soc. Ital. Mem. 

See Milano, Soc. Ital. 

Sej Genova, Soc. Ligust. Atti 

See Ann. Malacol. 
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Soc. Malacol. Ital. Ball. 
Soc. Meteorol.'Ital. 

Soc. Mex. Hist. Natur. 
Soc. Napoli • ’’ ' 

Soc. Nat. Sicil. 

Soc. Pharm. Anvers 
Soc. Public Analysts 
Soc. Speleol. 

Soc. Telegr.-Engin. Elect. 
Soc. Tosc. Sci. Nat. 

Soc. Ven.-Trent. Sci. Nat. 
Soc. Zool. Suisse Ann. 

Soc. Zool. Tokyo 
Somersets Archaeol. Soc. 

Proc. • ,. 

Somerset. Sov. Proc. 

Somme (Dep. de la) 
Southern Pharm. J. 

Span. P. 

Spatula 

Spelunca. Paris 
Spcrimentale 
Spettatorc Vesuvio 
Spettrosc. Ital. Mem. 
Spongia, Comm. Mol. 
Sprechsaal 
Spregnel, Jahr. 

Sprengst. Waflen Mun. 

St. Andrew’s Med. Grad. 
Sssoe. Trans. 

St. Barthol. Hosp. Reports 
St. Etienne, Bull. Soc. Ind. 
Mineral 

St. Gallen, Ber. Natur- 
wiss. Ges. 

St.'Louis, Bot. Gard. Re¬ 
port 

St. Louis, Trans. Acad. Sci. 

( 

St.’ Petersb. Acad. Sci. 
• Bull. 

St. Petersb. Acad. Sci. 
Corapt. rend. 

St. Petersb. Acad. Sci. 
Mem. 

St. Petersb. Acad. Sci. 

Nova Acta. , 

St. Petersb. Acad. , Sci. 
Rccucil 

St. Petersb. Ann. Mines 
Russ. 

St. Petersb. Archiv. Sci. 
Biol. 

St., Petersb., Congr. Bot. 
Bull. 


i. 

See BuK. Malacol. ital. 

See Moncalieri Oss. Boll. 

See Naturaleza < 

Societa reale di Napoli. Rendiconto dell’ Academia 
delle Seienze fisiche e mathematiche 
See Nat. Sicil. 

See J. de Pharm. 

See Analyst 

See Spelunca, Paris 

See Telegr. Eng. J. 

See Pisa Soc. Tosc. 

See Padova Soc. Sci. 

See Rev. Suisse: Zool. 

See Annot. Zool. Jap. 

Proceedings of the Somersetshire Archaeological and 
Natural History Society 

Somersetshire Archaeological and Natural History 
Society’s Proceedings 
&c under Amiens 
Southern Pharmaceutical Journal 
Spanish Patent 
Saptula (The), Boston 

Spelunca. Bulletin de la Soci6t6 de Speleologic 
.Lo Spcrimentale. Giornale Italiano di Scienze Meidche 
Lo Spettatore del Vesuvio e de’ Campi Ele^ei 
Memorie della Societa degli Spettroseopisti Italian! 
Commentarii di Medicina 
Sprechsaal 

Jahrbticher der Gewrichskundc 
Spreng:tlolTe, Waffen und Munition 
Transactions of the St. Andrew’s Medical Graduates 
Association 

-St. Bartholomew’s Hospital Reports 
Bulletin de la Societe de I’lndustrie Mincrale 

Bcrichte iifier die Thiitigkeit der St. Gallischen Natur- 
wissenscfiUftlichen Gesellschaft 
Missouri Botanical Garden Report 

The Transactions of the Academy of Science of ^t. 
Louis 

Bulletin scientifique public par I’Acadcmie Imperiale 
de^ Sciences de St. Petersbourg 
Compte^Rcndu de I’Acadcmie Imperiale des Sciences 
de St Petersbourg 

Memoircs de I’Acaderaic Imperiale dee. Sciences de St. 
Petersbourg 

Nova Acta Academiac Scientiarum Imperialis Petro- 
politanac 

Recucil des Actes des Seances Publiques de I’A&demie 
Imperiale des Sciences de St. Petersbourg 
Annuaire du Journal des Mines de Russie 

Archives dcs Sciences Biologiqucs publiecs par I’lnsti- 
tut Imperial de ,Medecine E^periraentale a' St. 
Petersbourg 

Bulletin du Congres International de Botanique gj 
d’Horticulture de St. Petersbourg le 6/18, le 8/20 
et le 10/22 Mai_1860 
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St. Petersb. Inst. Med. 
Exper. 

St. Petersb. Med. Zts. 

St. Petersb. Med. Wochen- i 
scljr. 

St. Petersb. Mem. Savants 
Etran|. 

St. Petersb. Mineral. Ges. 
Verb. 

Petersb., Russe peogr. 
Mem.“(GeogT.) 

St. Petersb., Russ. Geogr. 
Soc. Bull. 

St. Petersb. Schr. Mineral. 


St. Petersb. Verb. Mineral. 
Ges. 

St. Petersb. Verm. Abb. 


St. Quentin, Ann. 


St. Quentin, Mem. 

St. Quentin, Seances Publ. 

St. Quentin, Travaux 

St. Thomas’s Hosp. Reports 
Stahl Eisen (Zts.) 

Stavanger Mus. Aarsber. 
Staz. sper. agrar. ital. 
Steiermark. Gcog. Mont. 
Ver. Ber. 

Steiermark Mitth. 

Steiermark. Mont. Eehr- 
anst. Jahr. 

Stein, Ann. 

Stettin, Entom. Ztg. 

Steyermark. Zts. 

Stirling Field Club Trans 
Stirling Soc. Trans. 

Stockholm, Akad. Handl. 

•• 

Stockholm, Bihatg Akad. 
Handl. 

Stockholm Bot. S^lsk. 


See St. Petersb. Ajch. Sci. Biol. 

St. Petersburger iledicinische ZeitschriJ^ 

St. Petersburger Medicinische Wochenschrift 

Meraoires presentes a T Xcademie Imtieriale des 
Sciences de St. Petersbourg par divers Savants 
Verhandlungen der Russis^Kaiserlichen Mineralog- 
igchen Ge.sellschaft zu St. Petersbourg 
Memoirs dc la Sociitd Iftiperiale Russe de Geographie 
Section de Gd'ographie generate 
Bulletins of the Imperial Russian Geographical So¬ 
ciety • 

Schriftcn der in St. Petersburg gestifteten Kaiserlich- 
Russischen Gesellscbaft ftir die gesammte Minera- 
logie 

Verhandlungen der Kaiserlich-Russischen Mineralog- 
ischen Gesellscbaft zu St. PeteAsbiurg * 

Vermischtc Abhandlungen aus dem Gcbiete der 
Heilkunde von einer«Gesellschaft pract. Aerzte zu 
St. Petersburg. Additional title in 1835, Medizin- 
isch-praktische Abhaudlung von Deutechen in Russ- 
land lebenden Aerzten. Continued as the Neue * 
Abhandlung St. Petersburg 

Annales Agricoles du department de I’Aisne, publiees 
par la Socidtd des lienees. Arts, Belles-Lettres, 
et Agriculture de St. Quentin. Annales Sdentifiques, 
Agricoles, et Industrielles du departement de I’Aisne 
(Socidtd Academique de Sainf Quentin) 

Memoires de la Soddtd des Sciences, Arts, Belles- 
Lettres, et Ag-iculturc de la ville de St. Quentin 
Soci6t6 des Soiences, Arts, Belles-Lettres, et Agricul¬ 
ture de la ville de St. Quentin: Seances publiques. ^ 
Soci^t5 Academique des Sciences, Arts, Belles-Lettres, 
et Agriculture de St. Quentin (Aisne) 

St. Thomas’i Hospital Reports 
Stahl mid Eisen, Zcitschrift fiir das deutsche Eisen- 
huttenwe^i 

Stavanger Museums Aarsberetning 
Stazioni sperimentali agraria italiana, I,a 
Bericht des Gcognostisch-montanistischen Vereins fiir 
Steiermark 

Mittheilungen des Naturwisscnschaftlichen Vereines 
fiir Steiermark 

Die Steiermarkisch standische montanistische Igihsan- 
stalt zu Vordemberg 

Annalen dcr Geburtshiilfe iiberhaupt und der Ent- 
bindungsanstalt zu Marburg insbesondere 
Entomologische Zeitung; herausg. v. d. Entomo- 
logischen Vereine zu Stettin 
Steyermarkische Zeitschrift • 

Stirling Field Club... .Transactions 
Stirling Natural History and Archaeological Society, 
Transactions • 

Kongliga Svenska Vetenskaps Akademiens Hand- 
lingar 

Bihang till Kongl. Svenska Vetenskaps Akademiens 
Handlingar 
See Bot. Centrbl. 
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Stockholm Entom. For. 
Stockholm, Horti Bcrgiani 
Acta 

Stockholsi, Stvers'gt 

Stockholm Physiol. Lab. 
Mitth. 

Stockholm. Svenska Lak. 
Sallsk Handl. 

Stockholm, Vet. Akad. 

Lefnadsteckn. 

Stockholm, Ymer 

Strasbourg Soc. Hist. 

Natur.' Mem. 

Strasbourg' Soc. Seb Bull. 

Strasbourg Soc. Sci. J. 

Strasbourg Soc. Sci. Mem. 

Stray Feathers 

Strieker 
Sts. Settl. P. 

Student ^ 

St^geon, Ann. Elect. 

Sturgeon, Ann. Phil. 

Suer" 

Suer. Beige 
Suer. ind. colon. 

Suddeut. Apoth. Ztg. 

Suisse Soc. Zool. Ann. 
Surveyor 

Sussex Natur. Hist. Soc. 

Proc. 

Svea 

Svensk farm. TCdskr. 
Svensk Kern. Tidskr. 
Svoaska Lak. Salkk. 
Forh. 

Svenska Mosskulturfor. 
Svenska Sallsk. Antrop. & 
Geogr. 

Swart, Verb. 

Swed. P. '■ 

Swiss P. 

Sydney 

Sydney Aust. Mus. Mem. 
Sydney, Austral. Mus 
Records 

Symons, Meteorol. Mag. 
Tabhttes Zool. . 


See Ent. Tidskr. 

Acta Horti Berglani. Meddelanden fran Kongl. 
Svenska Vetenskaps-Akademiens TrSdgard Bergie- 
lund utgifna af Bergians’ra Stiftelser 
Ofversigt af Kongl. Vetenskaps Akademiehs FOrband- 
lingar 

Mittheilungen vom Physi^pschen Laboratoiium des 
Carolinischen Medico-C^irurgischen Instituts in 
Stockholm 

Handlingar ved Svenska Lakare-Sallskapet 

Lefnadsteckningar ofver Kongl. Svenska Vetenskaps- 
Akademiens efter ar 1854 aflidna Ledamfiter 
Ymer. Tidskrift utgifven at Svenska Sallskapet fiir 
Antropologi och Geografi 

Memoires de la Soci4t4 du Museum d’Histoire Natur- 
cllc de Strasbourg 

Bulletin de la Soci6t4 des Sciences Naturelles de 
Strasbourg 

Journal de la Society des Sciences, Agriculture, et 
Arts, du departement du Bas-Rhin 
Memoires de la Soci^te des Sciences, Agriculture, et 
Arts, de Strasbourg 

Stray feathers. A journal of Ornithology tor India 
and its dependencies 
See Medizin. Jahr. 

Straits Settlement Patent 

The Student and Intellectual Observer of Science, 
Literature, and Art 

Annals of Electricity, Magnetism, and Chemistry, 
and Gyardian of Experimental Science 
Annals ok Philosophical Discovety and Monthly 
Reporter of the Progress of Practical .Science 
La sucrerie indigene 
Sucrerie Beige, La 
Sucrerie indigene et colonaile. La 
Suddeutsche Apotheker Zeitung 
See Rev. ,Su4^ Zool. 

Surveyor and Municipal and County Engineer, The 
See Brighton Nat. Hist. >Soc. Proc. 

Svea. Tijdskrift for Vetenskap octi Konst 
Svensk farmaceutisk Tidskrift, Stockholm 
Svensk Kemisk Tidskrift 

Forhandlingar ved Svenska Lakare-Sallskapets Sam- 
mankomstcr 

Svenska Mosskulturforeningens 
Sec Stockh., Ymer 

Vcrhandelingen en Berigtcn betrekkelijk het Zeewezen 
en de Zeewaartkunde 
Swedish Patent 
SwiM Patent 
See New South Wales 

The Australian Museum, Sydney. Memoirs 
Records of the Australian Museum 

• « 

Symon's monthly Meteorological Magazine 
Tablettes Zoologiqucs 
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Tagbl. Frankf. Natuif. 
Taprobanian 


TasKanik J Natur. Sci. 

Tasmania P. 

Tasmania, Roy. 

Monthly Not. 

Tasmania, Roy. Sac. Re¬ 
ports 

Taylor, Sci. Mem. 


Tech. Blatter 

Tech. Chem. Jahr. 
Tech. Gemeindebl. 
Technikum 
Technol. 

Technol. Quart. 

Teign Field Club Proc. 


Tage^ilatt Frankfurter Naturforscher . 

The Taprobanidh, a Dravidian Journal of Oriental 
Studies in and around Ceylon, in Natural History, 
Archaeology. Philology, History 
The Tasmanian Journal ot*Naturlll Science, Agricul¬ 
ture, Statistics, etc. 

Tasmanian Patent , 

Mmthly Notices of Papers and Proceedings of the 
Royal Society of Tasmania 
Reports of the Royal Society of Tasmania 

Scientific Memoirs, selected from the Transactions of 
Foreign Academies and Learned Societies and from 
Foreign Journals 

Technische Blatter. Vierteljahrschrift des Deutschen 
Polytechnischen Vereins in Bohmen , . 
Technisch-Chemisches Jahrbuch (^iedcrmann) 
Technisches Gemeindeblatt 
Technikum des Ledermarkts 
Le Technologistc (F. iSalcpeyre^ 

Technology Quarterly 

Reports of the Proceedings of the Teijn Naturalists’ 


Tekn. Tidskr. 
Telegr. Eng. J. 

Telegr. J. 

Telegr. Ver. Zts. 

Temminck, Verb. 


Terrar. Fiiz. 


Termt. Kdzlon. 


f'errestrial Magn. 


Texas Acad. Sci. Trans. 
Text. Amer. 

Text. Col. 

Text. Farb. Ztg. 

Text. Mfr. 

Text. Rec. 

Text World Rec. 


Text. Ztg. 
Textitteimd 
Teyler’s Verb. 


Thuap. Gaz. 
Thmp. Monats. 
Therap. Neuheit 
Therapist 


Field Club 
Teknisk Tidskrift 

Journal of the Society, of Telegraph-Engineers and 
Electricians 

The Telegraphic Journal and Electrical Review 
21 eitschrift des Deutseb-dsterreighischen TetggrapilW- 
Vercins ■>, ■ 

Verbandelingen over de natuurlijke CeschledealR wr 
Nederlandschc overzeesche bezittingen,- door de 
leden der •Natuurkundige Commissie in Oost-Indie 
en anderc schrijvers • * 

Termeszetrajzi Fflzetek.. .Kiadja a Magyar Nemzeti 
Muzeum. (Natural History Magazine.. .published 
by the Hungarian National Museum) 
Termeszettudomanyi KOzlSny.. .Kiadja a K. M. 
Termeszet(!idomanyi Tarsulat. (Natural Science 
Papers.. .Published by the Royal Hungarian 
Natural Science Society) 

Terrestrial Magnetism (and Atmospheric Electricity). 

An International Quarterly Journal 
Transactions of the Texas Academy of Science 
Textile American 
The Textile Colorist 
Textil und FarBerei-Zeitung 
The Textile Manufacturer 
The Textile Record 
Textile World Record 
Textil Zeitung 

Der Textilfreund * 

Geologische Verhandel af Antwoord af de in 1828 
uitgeschrevene eng in 1830 herhaalde Prysvraag: 
Wat men van Geologic, etc. 

The Therapeutic Gazette 
Therapeutische Monatshefte 
Therapeutischen Neuheiten, Leipzig 
Therapist (The) London 
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Thomson, Ann. Phil. 

Thomson, Archiv. Entom. 
Thomson, Rec. 

Thonind. Ztg." ” ' 

Throndhjem, Skrifter 

Tidsfcr. Kemi. Farmr. 

Terapi 
Tidskr. Mat. 

Tidskr. Mat. Fys. 

Tidskr. Phys.* Chem. 

Tiedemann, Zts. 

Tijdschr. JEntom. 

Tijschr. Genootsch. Vis. 
Unita 

Tijdschr. Ing. ' 
Tijdschr. nijvt 
Tijdstroom. 

Tilesius, Jahr. 

Timehri 

< 

Tirol, Ber. Ver. Durchf. 


Tischl. Ztg. 

■■ Tokio Univ. Mem. 

Tokyo Bot. Soc. 

Tokyo, Coll. Sci. J. 

Tokyo Geogr. Soc. J. 
Tonind. Ztg. 

Topfcr Ztg. 

Torino, Accad. Sci. Atti 
Torino, Accad. Sci. Mem. 
Torino, Ann. Clin. 

Torino, Lavori Sci. Fis. 
Iviat. 

Torino Mus. Boll. 

Torrey Bot. Club Bull. 
Torrey Bot. Club Mem. 
Tortolini, Ann. ' 
Toulouse Acad. Sci. Bull. 

Toulouse, Acad. Sci. Mem. 

Toulouse Fac. Sci. Ann. 

Toulouse Obs. Ann. 


Annab of Philosophy, or Magazine of Chemistry, 
Minetalogy, Mechanics, &nd the Arts 
Archives Entomologiques 
Records of General Scienfs 
Thonindustrie-Zeitung 

Der Kongelige Norske Vidcnskabers-Sclskab| Skrifter 
i det 19 de Aarhundrede, 

Tidskrfit for Kemi I^rmaci Terapi 

» 

Tidsskri/t for Matcmatik c *' 

Tidskrift for Matematik och Fysik, tillegnad den 
Svenska Elcmentar-ltodervisningen 
Tidskrift for Physik og Chemi samt disse Videnskabers 
Anvendelse 

Zeitschrift fiir Physiologic 

Tijdschrift voor Entomologie; uitgCgeven door de 
Nederlandsche Entomologische Vereeniging 
Tijdschrift voor Genees-, Heel-, Verlos-, en Schei- 
kundige Wetenschappen, van Wege et Genootscliap: 
‘ "Vis Unita P'ortior,” te Hoorn. 

Tijdschrift van het Koninklijk Instituut van Ingenieurs 
Tijdschrift ter befordering van nijverhed 
De Tijdstroom; Maandschrift gewijd van Wctonschap, 
etc. 

Jahrbuch der Naturgeschiclite zur Anzeige und 
Priifung 

Timehri being the Journal of the Royal Agricultural 
and Commercial Society of British Guiana 
Bericht iiber die General-Versammlung des Vereins 
zur geogr. montan. Durcliforschung des Landes 
Tirol.»ete. 

Deutsche 'Tischlcrzeitung 

Memoirs of the Science Department, University of 
Tokio, Japan 
See Bot. Mag., Tokyo 

The Jomnrfl of the College of Science, Imperial Uni¬ 
versity, Japan 

Journal of the Tokio Geographical Society 
Tonindustrie Zeitung 

Deutsche Topfer und Ziegler Zeitung , 

Atti della R. Accademia delle Science di Torino 
Memoire della R. Acpademia delle Scienze di Torino 
Aimali Clinici 

Notizia storica dci lavori fatti dalla Classe di Scienze 
Fisiche e Mathcmatiche della R. Accademia delle 
Scienzd negli anni 1864-65 

Bollettino dei Musei di Zoologia ed .yVnatomia com- 
parata della R. Universita di Torino 
Bulletin of the Torrey Botanical Club 
Memoirs of the Torrey Botanical Club 
Annali di Scienze, Matematiche, e Fisiche • * 
Bulletin de I'Academie des Sciences, Inscriptions et 
Bflles-Lcttres de Toulouse 

Memoires de I'Academie des Sciences, Inscriptions et 
Belles-Lettres de Toulouse . 

Annales de la Faculte des Sciences de Toulouse, Vbur 
les Sciences Mathen&tiques et les lienees Physiques 
Annales de TObservatoire Astronomique, Magneti^ue 
et Meteorologique de Toulouse. 
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Toulouse Soc. Hist Natur. Bulletin de la Soci^4 d’Histoire^aturelle de Touiouse 
Bull. • , . 

Toulouse Soc. Sci. Bull. Bulletin de la fSociit^ des Science^ Physiques et 
• Naturelles de Toulouse 

Trai». Acad. Sci. St. Louis Transactions of the Academj of Sciences of St. Louis 
Trans. Amer. Ceram. Soc. Transactions of the American Ceramic Society 
Trans. Amer. Electrochem. Transactions of the American Electrochemical Society 
Soc. ,* 

Trans. Amer. Inst. Chem. TAnsactions of the American Institute of Chemical 
• Eng. , Engineers * 

Trans. Amer. Inst. Transactions ol* the American Institute of Homoe- 
Hoffloeop. opathy, Philadelphia 

Trans. Amer. Inst. Mia. Transactions of the American Institirte of Mining 
Eng. Engineers 

Trans. Amef. Med. Assoc. Transactions of the Section on Pharmacology and 
Sec. Pharm. Therap. Thera^utics of the American Medical Association 

Trans. Amer. Micro. Soc. Transactions of the American Microscopical Society 
Trans. Amer. Soc. Civ. Transactions of the American Soeiety of Civil Engi* 
Eng. neers 

Trans. Cambr. Phil. Soc. Transactions of the Cambridge Philosophical Society 
Trans. Can. Inst. Transactions of the Canadian Institute 

Trans. Engl. Ceram. Soc. Transactions of the English Ceramic Society 
Trans. Faraday Soc. Transactions of the Faraday Society 

Trans, Geol. Soc. S. Africa Transactions of the Geological Society of South Africa 

Trans. Ilium. Eng. Soc. Transactions of the Illuminating Engineering Society 

Trans. Inst. Brew. Transactions of the Insfitute of Brewing 

Trans, jenner Inst. Prev. Transactions of the Jenner Institute of Preventive 
Med. Medicine 

Trans. Kansas Acad. Sci. Transactions of the Kansas AcAdemy of Science 
Trans. Med. Transactions Medicales; Journal de Medecine pratique 

Trans. Min. Geol. Inst. Transactions outlie Mining and Geological Institute 
India of India • 

Trans. Natl. Eclec. Med. Transactions National Eclectic Medical Association 
Assoc. Indianapolis • 

Trans. Nova Scotia Inst. Transactions of the Nova Scotia Institute of Science 
Sci. • 

Transv. P. Transvaal Patent 

Trans. Path. Soc. Transactioi^ of the Pathological Society 

Trans. Roy. Irish Acad. Transactions of the Royal Irish Academy 
Jrans. Roy. Soc. Can. Transactions of the Royal Society of Canada 

Trans. Roy. Soc. Edinb. Transactions of the Royal Society of Edinburgh 

Trans. Roy. Soc. London Transactions of the Royal Society of London 

Trans. Soc. Engin. • Society of Engineers, Transactions • 

Trav. Com. Hyg. Publ. Recueil des Travaux du COmite consultatif d'Hyipene 

Publique de France et des Actes Officiels de I’Ad- 
ministration Sanitaire 

Trenton Natur. Hist. Soc. Journal of the Trenton, New Jersey, Natmal History 
J. Society 

Treviso, Mem. Ateneo Memorie Scientifiche e Litterarie dell’ Atenco di 

Treviso 

Trief.Jahr. Jahresbericht der Gesellschaft fflr niitzliche Forsch- 

ungen zu Trier • 

Triest Zool. Sta. Arb. See Wien. Zool. Inst. Arb. 

Trieste, Boll. Bollettino della SoAeta Adriatica di Scienze Naturali 

in Trieste 

Weste Mus. Civ. Atti Atti del Museo Civico di Storia Naturale di Trieste 
Trieste, Progrfftn. Civ. Ih'ogmmma della Civica Scuola Reale autonoma in 
Scuola Trieste 
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Trinidad Field Natur. 

CMb J. 

Trinidad P. 

Trinidad, Proc.^i. Assoc. 
Trinidad, Sci. Assof. Proc, 
Trommsdorff, J. Pharm. 

Tromso. Mus. Aarsh. 
Tropenpflanzer ‘ 

Tsch. Mineral. Rtitth. 
Tuberculosis 


Tiibinger Blatter 

Tubingen Bot. Inst. I'n- 
ters. ' < 

Tunis P. ' « 

Turin, Mem. Acad. 
Tyneside Natur. Field Club 
Trans. 

U. K. Mar. Biol. Assoc. J. 
U. S. Bur. Anim. Ind. Bull. 


U. S. Bin. Anim. Ind. Re¬ 
port 

U. S. Chief Signal Oft. Ann. 

Report * 

U. S. Coast Geod. Surv. 
Bull. 

U. S. Comm. Agric. Report 
y. S. Dept. Agric. Bull. 

U. STDept. Agric. Report 
U. S. Dept. Agric. Yearb. 

U. S. Disp. 

U. S. Div. Biol. Surv. Bull. 
U. S. Div. Chem. Bull. 

U. S. Div. Entom. Bull. 

• 

U. S. Tliv. Entom. Insect 
Life 

U. S. Div. Entom. Tech. 
Ser 

U. S. Div. Omith. Mamm. 
Bull. 

U. S. Div. Soils Bull. 

U. S. Entom. Coram. Bull. 

U. S. Entom. Comm. Re¬ 
port 

U. S. Fish Comm. Bull. 

U. S. Fish Comm. Report 


Joum|l of the Trinidad Field Nauralists' Club , 
TrinidaJ Patent 

Proceedings of the Scientifc Association of Trinidad 
Proceedings of the Scientific Association of Triniflad 
Journal der Pharmacie fiir Aerzte und Apotheker, 
und Chemiker ‘ 

Tromso Museums Aarsheftfl- 
Tropenpflanzer (Der),'Berlin 
Tschermak's Mineralogische Mitt^ilungen « 

Tuberculbsis. The Journal of the National Associa¬ 
tion for the Prevention of Consumption and other 
forms of Tuberculosis 

Tiibiuger Blatter fur Naturwissenschaften und Arznei- 
kunde 

Untersuchungen aus dem Botanischen Institut zu 
Tubingen 
Tunis Patent 

Memoires de I’Academie Royale dcs Sciences de Turin 
Transactions of the Tyneside Naturalist’s Field Club 

Journal of the Marine Biological Association of the 
United Kingdom 

U. S. Department of Agriculture. Bureau of Animal 
Industry 

Ahnual Report of the Bureau of Animal Industry 

Annual Report of the Chief Signal Officer (of the 
Army) to the Secretary of War 
United States Coast and Geodetic Survey. Bulletin 

Report of*the Commissioner of Agriculture 
Bulletins of the Department of Agriculture, U. S. 
Reports of the Department of Agriculture, U. S. 
Yearbook of the United States Department of Agri¬ 
culture , 

United States Dispensatory 

U. S. Depaitjncnt of Agriculture. Division of Bio¬ 
logical Survey. Bulletin 

U. S. Department of Agriculture. Division of Chemis¬ 
try. Bulletin ' 

U. S. Department of Agriculture. Division of Ento¬ 
mology 

U. S. Department of Agriculture. Division of Ento¬ 
mology. (Periodical Bulletin.) Insect Life 
U. S. Department of Agriculture. Division of Ento¬ 
mology. Technical Series 

U. S. Department of Agriculture. Division of Eco¬ 
nomic Ornithology and Mammalogy. Bulletin 
U. S. Department of Agriculture. Division of (Agri¬ 
cultural) Soils. Bulletin * 

Department of the Interior.. .Bulletin of the United 
States Entomological Commission 
(U. 9?) Department of the Interior (Agriculture).,. 
Report of the United States Entomological Com¬ 
mission 

Bulletin of the United States Fish Cohunission 
United States Commission of Fish and Fisheries. 
Report of the Commissioner 
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U. S. Geol. Stirv. 

U. S. Monthly Weath. Rev. 
U. S. Mus. Bull. 

I 

U. & Mus. Proc. 

U. S. Mils. Report 
U. S. Mus. Spec. Bull. 

W. S. Naval Inst. Pijpc. 

U. S. Naval Med. Bull. 

U. S. Naval Obs. Publ. 

U. S. N. Amer. Fauna 

U. S. P. 

U. S. Ph. 

U. S. Secty. Agric. Report 
U. S. Signal Serv. Notes 

U. S. Signal Serv. Pap. 

U. S. Surv. Terr. Reports 

U. S. Weath. Bur, Bull. 

U. S. Weath. Bur. Report 

U. Serv. Inst. J. 

Udine, Relazioni 
Uhland’s Tech. Rund. 
Umschau 

Ung. Naturwiss. Vcr. Jahr. 


Univ. Ill. Bull. 

Unters. Naturlehre 

{Jpsala, Arsskrift 

Upsala Bot. For. 

Upsala, Diss. Acad. 

Upsala, Frey Tidskr. 
Upsala Lak^fdr. FOrh. 
Upsala Naturvet. Student- 
sfiUsk. 

Upsala, Soc. Sci. Nova 
Acta 
Urufr P. 

UtTM^g, Aanteek. Prov. 
Genoots. 

Utrecht, Ann. Acad.' 
Utrecht, Kliniek 

• • 

Utrecht, Nieuvft Verb. 
Prov. Genootsch. 


United States Geojpgical Survey 
(United States) Monthly Weather Review 
Department of the Interior.. .Bulletis^of the United 
States National Museum 

Department of the Interior... Pioceedings of the 
United States National Museum 
See Smithsonian Rep. 

Smithsonian Institution. ^United States National 
Museum. Special Bulletin 
United States Naval Institute Proceedings 
United States iJaval Medical Bulletin 
Publications of the United States Naval Observatory 
U. S. Department of Agriculture. Division of Orni¬ 
thology and Mammalogy. North American Fauna 
United States Patent 
United States Pharmacopoeia 
Report of the secretary of agriculture • ' 

United States of America: War Departmeht. Signal 
Service Notes 

United States of America, War Department. Pro¬ 
fessional Papers of the Signal •Service 
.. .Annual Report of the United States Geological 
(and Geographical) Survey of the Territories 
U. S. Department of Agricidture. Weather Bureau. 
Bulletin 

U. S. Department of .Agriculture. Weather Bureau. 

Report of the Chief of the Weather Bureau 
Journal of the royal United Service Institution, 
Whitehall Yard * 

Relazioni intomo agli Atti dell’ Accademia di Udine 
Uhland’s Techigsche Rundschau 
Umschau, Dio 

Abhandlungen aus dem dritten Bande der Jahrbucheb 
des Ungarischen naturwissenschaftlichen Vereins 
zu Pest, in Deutscher Uebersetzung Red. von J. 
Szabo • 

University of Illinois Bulletin 
UntersuebupBen zur Naturlehre des Menschen und 
der Thiere 

Universitets Arsskrift utgifven af Kongl. Vetenskaps- 
Societeten i Upsala 
See Bot. Notiser . 

Dissertationes Academicac Upsaliae babitae 
Frey Tidskrift for Vetenskap och Konst 
Upsala Uakarcfdrenings Fdrhandlingar • 

See Bot. Centrbl. 

Nova Acta Regiae Societatis Scientianun Upsaliensis 
Uruguay Patent 

Aanteekeni^en van het Verhandelde in de Sectie- 
Vergaderingen van het Frovinciaal Utrechtsch 
Genootschap van Kunsten en Wetenschappen 
Aniwles Academiae Rheno-Trajectinae 
Kliniek: Tijdschrift voor Wetenschappenlijke Genees- 
kunde 

Nfeuwe Verhandelingen van het Provinciaal Utrechsch 
Genootschap van Kunsten en Wetenschappen 
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Utre<;ht, Onderzoek. 

Utrecht, Scheik. Onder- 

Utrecht, Verb. • Prov. 

Gcnootsch. 

Valais Soc. Murith. 
Valencia, Act. Med. ’, 
Valenciennes, Mem. Soc. 
Agric. 

Valentin, Rep. 

Van Diemen’s Land, Roy. 
Soc. Papers' 

Van Diemen’s Land, Roy. 
Soc. Reports 

Van Nostr^nd’s Mae. 
Vargasia * 

Varsovie Soc. Natur. Trav. 

Varsovie Soc. Natur. Trav. 
(Mem.) 

Vaucluse Acad. Mem. 
Vcnez. P. 

Venezia, Ateneo 

Venezia, Ateneo Eserc^t. 

Venezia, Atti 

Venezia, Atti Ateneo 
Venj^ia, lat. Atti 

Venezia, 1st Mem. 

Venezia, Mem, 1st Beneto 

Ver. Anal, Cliem. 

Verb. Genootsch. Occ. Qui 
Non. 

Verb. Ges. dent. Naturf. 

Aerzte • 

Verb. poly. Ges. 

Verb. Ver. Gewerbefleis. 

VeroIIcnt. kais. Gesundh. 
Verona, Soc. Ital. Mem. 

Vet. J. London 
Vet. Med. Assoc. Trans.* 
Veterinarian ' 

Victoria Dept. Mines Spec. 
Reports 

Victoria Field Natur. Club 
Victoria Inst. J. 

Victoria Natur. 


• « 

Onderroekingen gedaan in bet Physiologisch Labora- 
torium der Utrechtscbe Ifoogeschool 
Scheikundige Onderzoekingen, gedaan in bet Labora- 
torium der Utrechtscbe Hoogeschool 
Verhandelingen van bet Provinciaal Utregtsch Genoot- 
schap van Kunsten en Wetenschappen 
See Bull. Murith. » 

Actas del Institute Medico Valenciano 
bfemoires de la SocMti d’Agriculture, des Sciences, et 
des Arfs, dc I’Arrondissement de Valenciennes * 
Repertorium fiir Anatomie und Physiologie 
Papers and Proceedings of the Royal Swiety of Van 
Diemen’s Land 

Reports of the Royal’Society of Van Diemen’s Land 
(For Horticulture, Botany, and the Advance of 
Science) 

Van Nostrand’s Engineering Magazine 
Vargasia: Boletin de la Sociedad de Ciencias fisicas y 
naturales de Caracas 

Cdmptes Rendus et Memoires de la Socidt^ des Natur- 
listes (a I'Universite Imperiale) de Varsovie 
Travaux de la Soci4t4 des Naturalistes de I’Univsite 
Imperiale de Varsovie 
Memoires de I’Academie de Vaucluse 
\Jpnezuela Patent 

L’Ateneo Veneto: Rivista mensile di Science, Lettere 
ed Arti 

Esercitazioni Scientifiche e Lcttcraric dell’ Ateneo 
di Venerzia 

Atti delle Adunanze dell’ 1. R. Istituto Veneto di 
Scienzef Ixttere, ed Arti 
Atti dell’ ATcneo Veneto 

Atti del Reale Istituto Veneto di Scienze, Lettere ed 
Arti 

Memorie del Reale Istituto Veneto di Scienze, Lettere 
ed Arti • 

Memorie dell’ I. R. Istituto Veneto di Scienze, Lettere, 
ed Arti *• 

See Repert. Anal. Chem. 

Verhandelingen van bet Genootschap: "Occidir qui 
qui non servat.” 

Verhandlung der Gescllsehaft deutscher Naturforscher 
und Aerzte 

Verhandlungen der poltechnischen Gesellschaft 
Verhandlungen des Vereins zur Befdrderung des 
Gewerbefleisses in Preussen 
Veroffentlichungen des kaiserbeben Gesandheitsamts 
Memorie di Matematica e Fisica della Socicta Italiana 
della Scienze 

Veterinary Journal, London 

Transactions of the Veterinary Medical AssociatiSn 

The Veterinarian 

Victojia. Department of Mines. Special Reports 

See Victorian Natlist. ^ 

Journal of the Transactions of the Victoria Institule 
or Philosophical Society of Great* Britain 
The Victorian Naturalist. The Journal and Magazine 
of the Field Naturalists’ Club of Victoria 
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Viatoria P. 

Victoria Pharm. Soc. J. 

Victoria Proc. Roy. Soc. • 
Victoria Trans. Phil. Inst. 

Victoria*Trans. Roy. Soc. 
Victoria Zool. Soc. Proc. 

Vierteljahrschr. arzt. poly. 
Vierteljahrschr. gericht. 
Med. 

Vierteljahrschr. gcsund- 
heitspf. 

Vierteljahrschr. Zahnheilk. 
Virchow’s Archiv path. 

Viviani, Ann. Bot. 

Voget, Notizen 
Voigt, Mag. 


Vosges Soc. Emul. Ann. 

W. Austral. P. 

Wag. Free Inst. Sci. Trans. 

Wag. Jahr. 

Walker, Elect. Mag. 
Warwick. Field Club Proc. 

Warwick. Natur. Hist. Soc. 
Rep. 

Washburn Obs. Publ. 

Washington 

Washington 

Washington Biol. Soc. 
Proc. 

.Washington, Mem. Natl. 
Acad. 

Washington, Natl. Inst. 
Bull. 

Washington Phil. Soc. 
Bull. 

Wasser Abwasser 
Water Supply Papers 
Watford Nat. Hist. Soc. 
Trans. 

Weale, Quart. Papers 
WAar, Archiv 
Weimer, Zts. Geburtsk. 
Weinlaube 

Wemigerode Naturwiss. 

Ver. Schr. 

West. Brewer 
West. Chem. M%t. 

West. Drug. 


Victoria Patent , 

Quarterly Journal and Transactions of the Pharma¬ 
ceutical Society of Victoria 
Proceedings of the Royal Society of Victoria 
Transactions of the Pbilosoi^iical Ijsstitutc (afterwards 
Royal Society) of Victoria 
Transactions of the Royal Society of Victoria 
Proceedings of the Zool^cal and Acclimatisation 
tSociety of Victoria 

Vierteljahrschrift der ^ztlichen Polytechnik 
VierteljahrschriTt fiir gerichtliche Medizin und offent- 
liches Sanitatwcsen 

Vierteljahrschrift fiir Gesundheitspflege* 

Vierteljahrschrift fiir Zahnheilkunde 
Virchows Archiv fiir pathologic. Anatomic, und His¬ 
tologic • ■ 

Aimali di Botanica • * 

Notizen aus dem Gcbeite der practischen Pharmacie 
Magazin fiir den ncuesteu Zustand der Naturkuiiden, 
mit Riicksicht auf die dazu gehdrigen Hiilfswissen- 
schaften • 

Annales de la Soci4t6 d’Emulation du Department des*- 
Vosges 

West Australian Patent 

Transactions of the Wagner Free Institute of Science 
of Philadelphia 

(Wagner’s) Jahresbericht fiber Chemische Technologic 
The Electrical Magazine • 

Proceedings of the Warwickshire Naturalists’ and 
Archaeologists’ Field Club 

Annual Reports of the Warwickshire Natural History 
and Archaeological Society _ 

Publications of the Washburn Observatory o? the 
University of Wisconsin 
Int. Med. Congr. Trans., 1887 
See also under U. S. 

Proccedina»»of the Biological Society of Washington 

Memoirs of the National Academy of Sciences 

Bulletin of the Proceedings of the National Institu¬ 
tion for the Promotion of Science • 

Bulletin of the Philosophical Society of Washin^on 

• 

Wasser und Abwasser 
Water Supply Papers 

Transactions of the Watford Natural History Society 
and Hertfordshire Field Club 
Quarterly Papers on Engineering 
Archiv fur die systematische.Naturgeschichte 
Gemeinsame Deutsche Zeitsihrift fiir Geburtskunde 
Die Weinlaube 

Schriften des Nmurwissenschaftlichen Vereins des 
Harzes in Wemigerode 
Western Brewer, The 
Western Chemist and Metallurgist 
Western Dmggist 
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Westphal, Prov. Blatt. 


Westphal, Ver. Jahr. 

Wetter * * ’ 

Wetterau. Ges. Ann. 

Wetterau. Ges. Fpstgabe. 

Wetterau. Ges. Jahr. 

Wetterau. Ges. Naturk. 
Bcr. 

Wiad. Mat. 

Wieck's Gev/erbeztg. 

Wied. Ann. 'Phys. < 

Wied. Archiv 
Wied. Zool. Mag. 
Wiegmann, Archiv . 
Wien Abh. , 

-Wien Akad. Ber. 


Wien Akad. Denkschr. 


Wien Akad. Sitzber. * 


Wien Almanack 

it^eirtllpen-Verein, Jahr. 
Wien Anthrop. Ges. Mitth. 
Wien Anz, 

Wien Denkschr. 


Wien Embryol. Inst. 
• Mitth. 

Wien Geogr. Ges. Abh. 

Wien Geogr. Ges. Fest- 
schr. 


Westpbalische Provincial-Blatter. Verhandlungen (Jer 
Gesellfchaft zur Befordenmg der vaterlandischen 
Cultur in Minden 

Jahres-Bericht des WesttjUichen Provinzial-Vereins 
fiir Wissenschaft und Kunst , 

Das Wetter. Metcorologische Montasschrift fiir Ge- 
bildete aller Sttode ‘ 

Annalen der WetterauiscHfen Gesellschaft fur die 
' gesammte Naturkunie 

Nkturhistorische Abhandlimgen atis dem Gebiete det 
Wetterd'u 

Jahresbericht der Wetterauischen Gesellschaft fhr die 
gesammte Naturkunde 

Bericht der Wetterauischen Gesellschaft fiir die ge¬ 
sammte Naturkunde zu Hanau 
Wiadomosci Matematyczne 
Deutsche Gewerbezeitung (F. Wieck) 

Annalen der Physik und Chemie (Wiedemann’s) 

Archiv fiir Zoologie und Zootomie 
Zoclogischcs Magazin 
Archiv fiir Nattugeschichte 
Naturwissenschaftliche Abhandlungen 
Sitzungsberichte der kaiserlichen Akademie der Wis- 
senschaften; Mathematisch-Naturwissenschaftliche 
Klasse, II Abthlg. Wien 

DEnkschriften der kaiserlichen Akademie der Wissen- 
schaften. Mathematisch - Natimvissenschaftliche 
Classe 

Sitzungsberichte der Mathematisch-Natunvissen- 
schaftlichen Classe der kaiserlichen Akademie der 
Wissen^haften 

Almanach der kaiserlichen Akademie der Wissen- 
schaften 

Jahrbuch des Oesterreichishcen Alpen-Vereins 
Mittheilungen der Anthropologischen Gesellschaft 
Anzieger der, kaiserlichen Akademie ker Wissen- 
schaftcn: Math.-Naturwissensch. Classe 
Denkschriften^er Kaiselichen Akademie der Wissen- 
schaften; Mathematisch - naturwissenschaftliche 
Classe 

Mittheilungen aus dem Embryologischen Institute der ' 
k. k. Universitat in Wien 

Abhandlungen der k. k. Geographischen Gesellschaft 
in Wien 

Festschrift der k. k. Geographischen Gesellschaft 1884- 
1898 


Wien Geogr. Ges. Mitth. Mittheilungen der k. k. Geographis^^hen Gesell¬ 

schaft in Wien 

Wien Med. Chir. Acad. Abhandlungen der k. k. medicinisch-Chirurgischen 

Abh. Josephs-Academie zu Wien 

Wien Med. Chir. Acad. Beobachtungen der k. k. medicinisch-chirurgijchen 
Beob. • Josephs-Acadcmie zu Wien 

Wien Naturhist. Hofmus. Annalen des k. k. Naturhistwischen Hofmuseums 
Ann. • 

Wien Omith. Vrr. Mitth. Mittheilungen des Omithologischen Vereins in Wien 
Wien Phot. Corresp. Photographische Correspondenz. Organ der Photh* 

graph. Gesellsch. in Wien • 

Wien Schr. Schriften des Vereines zur Verbreitung naturwissen- 

. scfaaftlicber Kenntnisse 
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Wi^ Sitzber. 


Wien, Sonnblick-Ver. Jahr., 
Wie^>. technol. Blatter 
Wien Ver. Natiuiriss. 

Kennt. Schr. 

Wien, Ver. Ges. Aerzte. 

Wien Verb. (Jewerb- 

Vereins. 

Wien Wochenbl. Aerzte 
Wien Zts. Ges. Aerzte 
Wien, Zool. Bot. Ges. Fest- 
schr. 

Wien, Zool. Bot. Verb. 

Wien, Zool. Inst. Arb. 

Wiener Entom. Monatschr. 
Wiener Entom. Ver. Jahr. 
Wiener Entom. Ztg. 

Wiener klin. Wochenscbr. 
Wiener landw. Ztg. 

Wiener Med. Wocbenscbr. 
Wiener Mittb. Pbot. 

Wiener Mus. Ann. 

Wiener Poly. J. 

Wiener Ztg. 

Wiener Zts. Pbysik. 

Wild, Rep. Meteorol. 

Wilna, Collect. Med. Cbir. 

Wilts, Arcbaeol. Natur. 
Hist. Mag. 

Wimereux I,ab. (Stat.) 
Zool. 

^Wincbester, J. Sci. Soc. 


Wisconsin Acad. Trans. 

Wisconsin Natur. Hist. 
Soc Bull. 

Wisconsin Natur. Hist. 
Pap. 

Wisconsin Natur. Hist. 
Soc. Proc. 

Wiseqjisin Univ. Bull. Sci. 

Wiss. Abb. Pbys.-Tecb. 

Reichsanstalt 
Wiss. Meeresuntersucb. 

• • 
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Sitzungsbencbte d^ Mathematiscb-naturwissenscbaft- 
licben Classe dgrXaiserlicben Akademie der Wlssen- 
scbaften 

0 Jahres-Bericht des Sonnblick-Vereines." Wien 
Wiener technologisbe Blatte); 

Scbriften des Vereins zur Verbreitung Naturwissen- 
scbaftlicber Kenntnisse in Wien 
Verhandlungen der k. k. Gesellscbaft der Aerzte zu 
Wien ■’ 

Verbandlungen des Nbiderdsterreicbiscben Gewerb- 
Verelns • 

Wocbenblatt der k. k. GeseUscbaft der Aerzte in Wien 
Zeitscbrift der k. k. Gesellscbaft der Aewte zu Wien 
Festscbrift zur Feier des funfundzwanzigjahrigen 
Bestehens der k. k. Zoologiscb-Botaniscben Gesell¬ 
scbaft in Wien 

Verbandlungen der k. k. Zoologiscb-Botaniscben 
Gesellscbaft in Wien • 

Arbeiten aus dem Zoologiscben Institute der Uni- 
versitat Wien ind dei Zoologiscben Station in Triest 
Wiener Entomologischc Monatsabrift 
Jabresbericbt des Wiener Entomologiscjien Vereins 
Wiener Entomoiogiscbe Zeitung 
Wiener klinische Wochenschrift 
Wiener landwirtscbaftbcbe Zeitung 
Wiener medidniscbe Wichenschrift 
Wiener Mitteilungen (Photographischen Inbalts) 
Annalen des Wiener Museums der Naturgcschichte 
Allgemeines Wiener polytechnifcbes Journal 
Wiener Zeitung 

Zeitscbrift fiir pbysik, Cbemie, und Mineratogie 
Repertoriura • fiir Meteorologie, berausg. von der 
kaiserlicben Akad. der Wissenschaften 
Collectanea medico-chirurgica Caesarea AcadCluiaif 
Medico-Cbirurgicae cura edita 
Magazine ol the Archaeological and Natural History 
Society of Wiltshire 
Sec Lille Iiyt. Zool. Trav. 

JourMl of Proceedings and Annual Reports of the 
Winchester and Hampshire Scientific and Literary 
Society 

Transactions of the Wisconsin Academy of Sciences. 
Arts, 8 e Letters 

Bulletin of the Wisconsin Natural History Society 

Occasional Papers of the Natural History Society of 
Wisconsin 

Proceedings of the Natural History Society of Wis¬ 
consin 

Bulletin of the University, of Wisconsin. Science 
^ies a 

Wissenschaftliche Abhandtungen der Pbysikalisb- 
Technischen ReiSisanstalt 

Wissenschaftliche Meeresuntcsuchungen herausge- 
geben von der Kommission zur wissenschaftlicben 
• Untermchung der deutschen Meere in Kiel und der 
biologiscben Anstalt auf Helgoland 
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Wocftenbl, A»chit. Ver. ’ Wochenblatt, ,.h«rausgegebOT von mitgliedem des 
' Arcniydcten-Vereias vx Berlin 

Wochenbl. Papierfabr.' Wochenblatt der Papierfabriken ' 

Wochensch. Briu. Wochenschrift tor Brauerm 

Wochcnschr. Ceijtr.-Vejj. Wochenschrift des Centrai-Vcreins tor Rubenzuker- 

Rubezulchr-ind. industrie in der Oesterr-Ung-Monarchie 

Wochenschr. osterr. Ing. Wochenschrift des fisterreiphischen Ingenietrr und 

Ver. ■ Architekten Vereins 

Wochenschr. Ver. dent. * Wochenschrift des Veitiins deutscher Ingenieure 

Ing- ‘ f • 

Wollen-Gewerbe Das Deutsche Wollcn-Gewerbe 

Wollen Ztg. Wollen Zeitung 

Wombat » The Wombat. The Journal of the Geelong Field 

Naturalists’ Club, and the Gordon College Amateur 
Photographic Association 

Woods Holl Mar. Biol. Biological Bulletin. Edited by the Director and 

Lab. Ball. Members of the Staff, of the Marine Biological 

• • I.aboratory, Woods Holl, Mass. 

Woods Holl Mar. Biol. Biological I,extures delivered at (from) the Marine 
Lab. Lect. Biological Laboratory (of) Woods Holl (Mass.) 

Woolhope Field Club Transactions of the Woolhopc Naturalists’ Field Club 
Trans. , 

'-.Woolwich, Proc. Minutes of Proceedings of the Royal Artillery Insti¬ 

tution 

World’s Paper Trade Rev. World’s Paper Trade Review 
Wunderlich, Archiv. Heilk. Sic Roser und Wunderlich 

Wiirttemberg. Aerzt.' Ver. Mittheilungen des Wiirttembergischen Aerztlichen 
Mitth. Vereins 

Wiirttemberg, Jahresh? Jahreshefte des Vereins fur vaterlandische Naturkunde 

in Wiirttemberg 

Wurzburg, Arb. Bot. Inst. Arbeiten ,(Jes Botanischen Instituts in Wiirzburg 
Wiirzburg, Arb. Phys. Lab. Arbeiten aue dem Physiologischcn Laboratorium der 
Wiirzburger Hochschule 

^itfburg. Med. Zts. Wiirzbiu-ger medicinische Zcitschrift 

Wiirzburg. Naturwiss. Zts. Wiirzburger Naturwissenschaftliche Zeitschrift; 

Ilerausgegaben von der Physikalisch-Medicinischen 
Gesellschaft 

W’iirzburg Phys. Med. Festschrift zty Feier ihres fiinfzigjahreign Bestehens 
Fcstschr. herausgegeben von der Physikalisch-Medizinischcn 

Gesellschaft zu Wurzburg , 

Wurzburg, Phys. Med. Sitzungsbcrichte der Physikalisch-Medicinischen 
Sitzber. Gesellschaft zu Wiirzburg 

Wiirzburg, Phys. Med. Verhandlungen der Physikalisch-Medicinischen Gesell- 
V'erh. schaft 

Wurabiug, Zool Inst. Arb. Arbeiten aus dem Zoologisch-Zootomischcn Institut 
in Wurzburg 

Year Book Pharm. See Brit. Pharm. Confer. Proc. 

Year-book of Pharm. Year-book of Pharmacy 

Yn Lioar Manninagh Yn Lioar Manninagh. The Journal of the Isle of 
Man Natural History and Antiquarian Society 
Yokohama, Mitth. Deqt. Mittheilungen der Deutschen Gesellschaft fur fJStur 
Ges. • und Vblkerkunde Ostasieus 

Yonne See Auxere 

Yonne, Bull-. Bulletin de la Societo des Sciences Historiques et 

Naturelles de I'Yonne 

Yorksh. Natur. Union The Transactions of the Yorkshire Naturalists’ UnMta 
Trans. • “ 

Yorksh. Phil. Soc. Report Aimual Report of the Council of the Yorkshire Philo- 
^ snnfiiral -Society 
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yorksh.Proc.Plul.Soc. 
Zach, Corresp. 

Zach, Monat. Corresp. t 

Zahnte^. 

Zahtedeschi, Ann. Pis. 
Zeeuwsch Genootsch. 

Nieuwe Verb. 
leeuwsch'Genootsqh. Wet. 
Archief, 

Zentr. Biochem. Biophys. 
Zentr. exp. Med. 


Zentr. inn. Med. 

Zentr. oesterr - ungar 
Papierind. 

Zentr. Physiol. 

Zentr. Physiol. Path. Stoff- 
wcch. 

Zeuner, Civilingenieur 
Ziva 

Zool. Anz. 

Zool. Beitr. 

Zooi. Bull. 

Zool. Congr. 

Zool. Jahr. 

Zool. J. 

Zool. Soc. Proc. 


Zool. Soc, Trans. 

Zool. V<wtr, 

Zoologies 

Zoologist 
t Ztg. Blechind. 

Zts. Akklimat. 

Zts. allg. Erdkunde 
Zts. allg. Csterr. Apoth.- 
Ver. 

Zts, allg. Physiol. . 
Zts. anal. Chem. 

Zts. Anat. 

Zts. ang. Chem. 


Zii. ang. Mikr. 


^s. anorg. Chem. 

z«. Bauwesen 

Zts. Berg-Hflttfa Salinenw. 

Zts. Biol. 


Proceedings of th^ Yorkshire Philosophical Sod^y 
' CorrCspcmdence Astronomique, Geographiqiie, Hy^o- 
graphique, et Statistique 

1 Monatliche Correspondenz zur Befdrdfcrung der Erd- 
und Hinunels-Ktmde „ „ 

Die Zahntecbnische Reform 
Annali di Fisica 

Nieuwe Verhandelingen vandiet Zeeuwsch Genootschap 
Sier Wetenschappen * 

Archief Vroegere en*I<atere Mededeelingen voor- 
namelijk in Bfetrekking tot Zeeland, uitgegeven door 
het Zeeuwsch Genootschap der Wetenschappen 
Zentralblatt fiir Biochemie und Biophysik 
Zcntralblatt der experimentellen M^izin (former 
name Zentralblatt fur die gesamte Physiologie und 
Pathologic des Stoffwechsels) 

Zentralblatt fiir innere Medizin n • 

Zentralblatt fiir die oesterr-ungaiaPapieriHdustrie 

Zentralblatt fur Physiologie 

Zentralblatt fiir die gesammte Physiologic und Patho¬ 
logic des Stoffwechsels, Berlin und Wien 
Der Civilingenieur, Zeitschrift fiir das Ingenicurwesen. 
Ziva; Casopis prirodnicky 
Zoologischer Anzeiger 
Zoologische Beitrage * 

Zoological Bulletin 

See Congr. Int. Zool. C. R. Int. Congr. Zool. Proc. 
Zoologische Jahrbiicher. ZeitiChrift fur Systematik, 
Geographic und Biologic der Thiere 
The Zoological Journal 

Proceedings sf the Scientific Meetings (General Meet¬ 
ings for Scientific Business) of the Zoological Society 
of London ' 

Transactions of the Zoological Society of London 
Zoologische Vortrage 

Zdologica. Original-Abhandlungen aus dem Ges- 
ammtgc^ite der Zoologic 

The Zoologist; a monthly Journal of Natural-History 
Illustrierte Zeitung fiir Blechindustric 
Zeitschrift fur Akklimatisation: Organ des Akklima- 
tisations-Vereins in Berlin 
Zeitschrift fiir allgcmeine Erdkunde,, 

Zeitschrift des allgemeincn dsterreichischen Apotheker- 
Vereins 

Zeitschrift fiir allgemeinc Physiologie 
Zeitschrift fur analytische Chemie 
Zeitschrift fiir Anatomie und Entwickelungsgeschichte 
Zeitschrift fur angewandte Chemie, und Zenfjnlblatt 
fiir technische Chemie 

Zeitschrift fiir angewandte Mikroskopie mit besemd- 
erer Riicksicht auf dieimikroskopischen Unter- 
suchungen von Nahrungs- und Genussthitteln, 
technischen ProBukten, Krankheitsstofien, etc. 
Zeitschrift fiir anorganische Chemie 
Zeitschrift fiir Bauwesen 

Zeitschrift fiir das Berg-Hiitten und Salinenwesen im 
I^ussichen Staate 
Zeitschiift fiir Biologie 
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Zts. Bot. 

Zts. Chem. 

Zts. chem. Ap^arat. 

Zts. Chem. Ind. „ 


Zts. chem. Ind. KoIIoide • 
Zts. Chemotherap. 

Zts. dent. geol. des. Abh. 

Zts. deut. Landw. 

Zts. Dreschler 

Zts. Diingerw. 

Zts. Electrechem. 

Zts. Kntom. (Breslaci) 

Zts. Ethnol. 

Zts. exper. Path. Themp. 

_Zts. Farbcn-Ind. 

Zts. Feuerwehr. 

Zts. Fischerei 

Zts. Fleisch. Milchhyg. 

Zts. Geburtsh. 

Zts. Geburtsh. Gynakol. 
Zts. ges. Brauw. ‘ 

Zts. ges. Getreidew. 

Zts. ges. Naturwiss. 

Zts. Ges. Omith. 

Zts. ges. Textilind. 

Zts-tes. Wasserwirts. 

Zts. Heilk. 

Zts. Hyg. 

Zts. Immunit. Abt. I. 13. 
Abt. Ref. 

Zts. Induk. Abst. Vererb- 
ungslehre 

Zts. Instrumentonk. 

Zts. Klin. Med. 

Zts. Krebsforsch. 

Zts. Kryst. Mineral. 

Zts. landw. Versuchsw. 

Zts. Malakozool. 

Zts. Math. Phys. 

Zts. math. Unterr. , 

« 

Zts. Mikro. Tek. 

Zts. Morphol. Anthrop. 
Zts. Nahr. Genuss. (Z. 

genuss) 

Zts. Naturwiss. 


Zeits<^ift fflr Botanik 
Zeitsen^ift fur Chemie • 

Zeitschrift fur chemische Apparatenkunde (Oiscon- 
tinued) i 

Zeitschrift ftir die Chemische Industrie mit besonderer 
B^cksichtigung der chemisch-technischen Unter- 
suchungsverfahren 1887; later Zts. ang. Chbm. 
Zeitschrift fur Chemie und* Industrie der KoIIoide 
Zeitschrift fiir Chemotherapie und verwandte Gebiete. 

' (formerly Folia Serologia) ^ ® 

Zeitschrift der deutschen geologischen Gesellschaft 
Abhandlungen 

Zeitschrift ftir deutsche Landwirthe 
Zeitschrift fur Dreschsler, Elfenbeingraveure und 
Holzbildhauer 
Zeitschrift ftir Dtingerwesen 
Zeitschrift fiir Electrochemie 

Zeitschrift fiir Entomologie im Auftrage des Vereins 
fiir schlesische Insektenkunde zu Breslau 
Zeitschrift fiir Ethnologic 

Zeitschrift fiir experimentelle Pathologie und Therapie, 
Berlin 

Zeitschrift fiir Farben-Industrie 
Illustrirte Zeitschrift fiir die deutsche Feuerwehr 
Zeitschrift fiir Fischerei 
Zhitschrift ftir Fleisch- und Milchhygiene 
Zeitschrift fiir Geburtshiilfe und Frauenkrankheiten 
Zeitshrift fiir Geburtshiilfe und Gynakologie 
Illustrirte Zeitschrift das gesammte Brauwesen 
Zeitschrift fur das gesamte Getreidewesen 
Zeitshrift.fiir die Gesammten Naturwissenschaften 
Zeitschrift Sur die gesammte Omithologie 
Zeitschrift fiir ((ie gesamte Textilindustrie 
Zeitschrift fur die gesamte Wasserwirtschaft 
Zeitschrift fiir Heilkunde, als Fortsetzung der Prager 
Vierteljahrsschrift fiir praktische Heilkunde 
Zeitschrift fiir Hygiene und Infektionskrankheiten 
Zeitschrift fitj Immunitatsforschung und experimen¬ 
telle. Therapie. Abteilung I. 13. Abteilung II. or 
Ref. 1 vol. j 

Zeitschrift fiir Induktive Abstammungs- und Vererb- 
ungslchre ' 

Zeitschrift fiir Instrumentenkundc 
Zeitschrift fiir Klinische Medizin 
Zeitschrift fur Krebsforschung 
Zeitschrift fiir Krystallographie und Mineralogie 
Zeitschrift fiir das landwirtschaftliche Vjrsuchswesen 
in Oesterreich 

Zeitschrift fiir Malakozoologie 
Zeitschrift fiir Mathematik und Physik 
Zeitschrift fiir mathematischen und natmwissensghhft- 
lichen Unterrricht 

Zeitschrift fiir Mikroscopiseben Teknik. 

Zeitscllrift fiir Morphologic und Antbropologie 
Zeitschrift fiir Untersuchung der Nahrungs und 
Genussmittel, sowie der Gebrauchsgegenstande ' 
Zeitschrift fiir NatUrwissenshaften.^ .im Auftrage 
(Organ) des NSTurwissenschaftlichen Vereins fflr 
&chsen und Thiiringen 
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<Zts. 6ffentl. Chem. 

.’Zt3. Ohrenheilk. 

>• 

Zts. fisterr. lag. Ver. • 

• 

Zts. paraf. Ind, 

Zts. Pai%sit. 

Zts. Pflanzenkrankheiten 
Zts. ph}rsik. Chem. 

Zts. Physik. Chem. Ifnterr. 

Zts. Physiol. Chem. 

Zts. prakt. Geol. 

Zts. Psychol. 

Zts. ration. Med. 

Zts. Reprodukt. 

Zts. Riibenzuckeiind. 

Zts. Schicss Spreng. 

Zts. Spiritusind. 

Zts. Telegr. Ver. 

Zts. Thiermed. 

Zts. Tuberkulose 
Zts. Ver. dent. Ingen. 

Zts. Ver. Riibenzuckerind. 

Zts. Ver. Zucketind. 

Zts. Wiss. Geogr. 

Zts. wiss. Mikro. 

Zts. wiss. Photochcm. 

Zts. wiss. Zool. 

Zts. Zuckerittd. 

Zts. Zuckerind. B5hm. 
Zfirich Denkschr. Med. 

Chir. Ges. 

^urich Mitth. 

Zurich, Monats. 

Zurich naturf. Ges. 

Zurich Physik. Ges. Jahr. 

Zilrich, Schweiz. Ges. Neue. 
Denkschr. 

ZUrh:||, Soc. Entom. 

ZQricb, Unters. Physiol. 
Ub. 

Zlirich, Verh. 

«• 

Zdrich, Vierteliahrschr. 

Zwickau Ver. Naturk. Jahr 
Zwolle, Vooruitgang. 


Zeitschrift fiir d£^tliche Chemie 
Zeitsehrift tfir ,dlirenheilkunde in deutscher" und 
englischer Sprache 

Zeitschrift des osterreichischen Ingenihur und Archi- 
tekten Vereins , , 

Zeitschrift fflr Parafin Industrie 
Zeitschrift fdr Parasitenkunde 
Zeitschrift ffir Pflanzenkrankheiten 
ZAschrift fur physikalisAie Chemie, Stdehiometrie 
und Verwandschaftsldhre 

Zeitschrift fiir tiem physikalischen und chemischen 
Unterricht 

Zeitschrift fur physiologische Chemie (Hoppe-Seylers) 
Zeitschrift fiir praktische Geologic 
Zeitschrift fur Psychologic und Physiologic der Sinnes- 
organe 

Zeitschrift fiir rationclle Medicin • - 

Zeitschrift fiir Reproduktiontechaik • 

Neue Zeitschrift fiir Riibenzuckcrindustrie 
Zeitschrift fflr das gisammte Schiess- und Spreng- 
stofTwesen • 

Zeitschrift fflr Spiritusindustrie , 

Zeitschrift des deutsch-ostcrreichischen Telegraphen- 
Vereins 

Zeitschrift fflr Thiermedicin 
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CHArfER V. 


JilTRIC ACID. 


Historical. The first theory as to the composition of nitric- 
acid was enunciated by Mayow in 10(19,* who believed that the 
acid contained two components, one derived from the air and of 
a fiery nature, and the otlier obtained from the earth. It was 
not until more than a century later, in 1776, yiat lyavoisicr* 
showed that one constituent of nitric acid was oxygen; and it 
remained for Cavendish to prove the exact composition and 
mode of formation of this acid by the direct union «f gaseous 
nitrogen and oxygen in the presenc-c of water or alkaline solu¬ 
tions.* Bunsen* showed that nitric acid is produced when vari¬ 
ous substances arc burned in an atmosphere of oxygen and 
nitrogen. Similarly,* if hydrogen be burned in a flask contain¬ 
ing oxygen, nitric acid is formed in notable quantity. 

For many years® nitric acid <jf higher concentration than 

t. Mayow, Desal-nitro ct spiritii hitro-aereo. 

2. Phil. Trans. 1784, 74, II»; 1785, 7S, 372. 

3. Cavendish, Phil. Trans. 1785, 7S, 379. 

4. Gasometry, 58. 

5. Kolbe, Ann. 1861, U9, 176; Hofmann, Bcr. 1870, 3, 663. 

6. Anon., Rlectrician, 1902, 49, 684. Anon., Engineering (Loudon). 
1905, 81, 80; Engineer, 1906, U2, 284; Eelairagc Elcctrique, 1908, 18, M7, 
Anon., Zts. Electrochem. 1907, 13, 7.5, Anon., Board of Trade J. Aug. 19, 
1909; J. S. C. I. 1909, 28, 937. Anon., Census Bur. Kept., through Oil, 
Paint and Drug Rept., Nov. 27, 1911; abst. C. A. 1912, 6, 2499. Anon., 
Engineering (London), 1914, 98, 267. Anon., Eng. News, 1915, 73, 16. 
Anon., Chem. Ztg. April 23, 1914. Anon., Zts. Vereins Dcut* Ing. 1914, 
58, 66 . Anon., Chem. Trade J. 1915, 58, 311; abst. C. A. 1915, 9, 2130. 
Anon., Elektrochem. Zts. 1915, 21 . 211. Anon., Engineering (LondonK 
1916, 102, 440. Anon., Colliery Guardian, 1917, U4, 68 ; abst. C. A. 1917, 
11, ,3419. Abegg Handb. aiiorg. Chem. 1907, 3, 3, 145. W. Adam, Chem. 
Trade J. 1918, 82, 181; abst. J. S. C. I. 1918, 37, A, 179. R. Adams and C. 
Beebe, J. A. C. S. 1916, 38, 2768; ab.st. J. S. C. 1.1917, 38, 100. B. Adhikary, 
Chem. News, 1915, 112, 163; abst. J. S. C. 1. 1915, 34, 1053; see also J. S. C. 
r »11, 30, 282. A. Aengstroem, Ann. Pogg. 1871, 1(4, 300 (Jubelb. 1874, 
424); Compt. rend. 1871, 73, 369; Phil. Mag. 1871, 42,* 395; Ann. de Chim. 
1872, 28, 256. Aktieboiaget Nitrogenium, Stjed. P. 43816, 1918; abst) C. A. 
1918, 12, 2669, Alexander, James and Vint, E. P. Appl. 11256, 1917; abst. 
J. S. C. I. 1917, 38, 78. A. Allen, Chem. News, 1879, 40, 135; 1880, & 
231; Eng. Mim J. 1917, 103, 230; abst. C. A. 1917, 11, 1020, W. Allen, 
Eighth Inter.Tong. Appl. (Jhem. 1912, 1, 19; abst. J. S. C. I. 1912, 31, 921, 
H. Alt, Ann, (Drude), 1904, 13, 1010, E. Amagat, Compt. rend. 1879, 81, 

' 665 * 
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55%--65% HNOa was coiPmercially not pbtaipafole, with the re-, 
suit that many nitrated organic bodies now manufactured in 

336; 19, 43?; 1882, 95, 281; 1888, 107, 522; 1890,' 111, 871. A. Anderson, 
Chem. News, i862, 5, 246; Jahr. Chem. 1882, 91; Dingl. Poly. 1862, MO, 76. 
E. Anderson, Zts. Elektrochem. 1916, 22, 441; abst. C, A. 1917, U, 764. 
V. Anderson, Brit. Assoc. Australia, 1914; Chem. News, 1914, 119, 127; 
J. S. C. I. 1914, 33, 970. W. Argo, J. Phys. Chem. 1914718, 438; abst. J, S. 
C. I. 1914, 33t438. P. Arkcnasy, Zts. ang. Chem. 191,5, 28, 621; Chem. Ztg, 

1915, 39, 807; J: S. C. I. 1916, 35, 112. P. Askenasy and E. Renyi, Zts. 
Elektrochem. 1912, 19, 23; abst. J. S. C. I. 1913, 32, 83. J. Auzies, Rev. 
gen. Chimie, 1912, IS, 233; abst. J. S. C. I. 1912, 31, 919; Chem. Zentr. 1912, 
83, 11. 766. 

L. Baekeland, J, Ind. Eng. Chem. 1914, 8 , 769-778: Met. Chem. Eng. 
1914, 12, ,559. Bagley and Peilmann, P7. P. Appl. 17077, 1914; abst. J. S. 
C. I, 1914, 33, Xn. H. Baker, Chem. News, 1883, 48, 187, 279. H.andM. 
Baker, J. C. .S., 1912, 101, 2339; abst. J. S. C. 1. 1913, 32, 83. E. Baly and 
E! Donnan, Proc. Chem. Soc. 1902, 18, 115-116. M. Bamberger and A. 
I.,andsiedl, Monatsh. Chem. 1898, 19, 114. W. Baragiola and O. Schuppli, 
Undw. Versuchs-Stat. 19l7, 90, 123; abst. J. C. S. 1917, 112, ii, 380; J. S. 
C. I. 1917, 36, ‘1020. E. Baud, Industries des Aeides mineraux; Acidcs 
sulfuriqui'chlorhydriquc et azotique, Paris, 8°, 380 pp. O. Baudisch, Ber. 

1916, 49, 1176; abst. J. ,S. C. I. 1916, 35, 736. W. Baunard, Sugar, 1918, 
20, 271; abst. C. A, 1918, 12, 1817. C. Baur, Schweizerische Wasserwirt- 
schaft, 7, No. 16 and 17< Electrotech. Zts. 1915, 36, 694; C. A. 1916, 10, 
'll34. G. Baxter and C. Hickey, Amer. Chem. J. 1905, 33, 300. F. Bayer 
& Co,. E. P. 16903, 1913. F. P, 460859, 1913; abst. J, vS. C. I. 1914, 33, 76, 
865; C. A. 1914, 8, 2464; Mon. Sci. 1914, 81, 75; Chem. Ztg. Rep, 1914, 38, 
237. E. Beck, Metallurgie, 1908, 5, 504; J. S. C. I. 1908, 27, 987. J. Beck¬ 
man, Met. Chem. Eng. 1911, 9, 340. H. Bccquerel, Compt. rend. 1880, 
90, 1407. I. Bellucci. Gaz. Chini’. Ital. 1914, 44, II, 384; abst. J. S. C. I. 
1914, 33, 1205. Bender, E. P. Appl. 1.5472, 1914; abst. J. S. C. I. 1914, 33, 
XIV. F. Benker, D. R. P. 2043,53, 1906; 204703, 1907; abst. C. A, 1909, 3, 
825, 1576; Mon. Sci. 1912, 77, .50, 81; Chem. Zentr. 1908, 79, II, 1902; 1909, 
80, I, 413; Chem. Ztg. Rep. 1908, 32, 662, 691; Chem. Zts. 1909, 8, No. 1063; 
Jahr. Chem. 1905-1908, I, 1613; 1906, 62, 489; Wag. Jahr. 1908, 55, I, 376; 
Zts. ang. Chem. 1909, 22, 169. A. Benrath, J. prakt. Chem. 1911, 84, 324; 
abst. J. S. C. I. 1911, 30, 1141. R.'Bensemann, Zts. ang. Chem. 1905, 18, 
818; abst. J. S. C. I. 1905, 34, 691. A. Berkaut, R. Hendricksz and G. Wind, 
Versl. Landbouwk. Onderz, Rijklandbouamroelstat, 1917, 43; abst. Bull. i 
Agric. Intell. 1917,8,1105; J. S. C. 1. 1947, 16, 1281. A. Bernthsen, Seventh* 
Inter. Cong. Appl. Chem. London, 1909; Eighth Inter. Cong. Appl. Chem. 1912, 
28, 182; J.'Ind. Eng. Chem. 1912, 4, 7C0. M. Berthelot, Bull. Soc. Chim. 
1869, (2), It 449; 1870, 13, 314; 1889, (3), 2, 643; Ann. 1889, 150, 60; Compt. 

'rend. 1874, 78, 162; 1906, 142, 1367; Ann. Chim. Phys. 1906, (8), 8, 145; Zts. 
Eiectrochem. 1907, 13, 345; Ann. 1874, 174, 31; Ann. Chim. Phys. 187;6, 6, (y), 
190; Compt. rend. 1877, 84, 61 ; 85, 173,1272; Bull. Soc. Chim. 1877p(2), 27, 160, 
338; 1877, 28, 482; Ann. Chim. Phys. 1877, (5), 12, 449; Compt. rend. 1889, 
108, 543: Ber. 1889, 22, R, 286; Compt. rend. 1895, 120, 1315; 1897, 124, 
528; 1898, 126, 567,616,619,671,681,775; 1899, 129, 133,137,378; 1900, 130,. 
1346, 1430; 131, 772; 1905, 140, 905, 1153.-M. Berthelot and P. Vigifie, 
Compt. rend. 1884,*^ 545, 601. A. Bertrand, Anex al Biotin de Mayo 
de la Asociacion Saiitrera d^ Propaganda, 1917; abst Bull. Agric. Intell. 
1918, 9, 544; C. A. 1918, 12, 2413. A. Besson, Compt. rend. 1911, SS2, 
1850; abst. J. S. C. I. 1911, 30, 892. J. Billitcr, Nemst Fe^hrtft, 
1912, 06; abst Chem. Zentr. 1912, S3, II„803; J. S. 6 I. 1912, *1,“ 
919. H. BUtz, Ber. 1888, 21, 2013. O. BIlier, Ber. li&7, 10. 1289. 
P, Barker, Am. ChemUt, 1871, (2), 2, 1; JtOir. Chem. 1871, 230, 
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itmnense quwtities in ccwnection yith the explosives industiy 
and as intermediates in the preparation of synthetics dyestuffs 

E. Blondel, Rev. gen. des. Mat. Col. 1903, 7, letf; abs*. J. S. C. I. 
1902, S2, 740. * M. Bodeustein, Zts. phys. Chcm. 1899, 29, 147, 295r Zts. 
ang. Chem. 1906, 19, 14; Dents. Bunsen. Ges. 1918, 24, 183; abst. J. S. C. I. 
1918, 97, 504-A; Zts. Electrochem. 1918, 24, 183; abstt C. A. 1918, 12, 2291. 
C. Bohr, Compt. rend. 1897? 124, 414. C. Bohr and J. Bock. Ann. (Wied), 
1891, (2), 44, 3i8. A. Boileau, Le Genie Civilf 1905, 47, 293. P. Bolin, 
Meddetande No. 79 fran. centralanstalten f. jordbruksforsok, 1913, 1; Bieder- 
mann Zentr. 1914,43,160; abst. J. S. C. 1.1914, 33,1216. W. Bolton, Chem. 
Ztg. 1894, U, 1908. C. Bombard and Desgres, Compt. rend. 1896, 123, 969. 
Bouchaud-I^ceiq, F. P. 197358, 1889; abst. Mon. Sci. 1889, 34,*1134. R. 
Bourcet, J. pharm. chim. 1911, (6), ll, 2;i3; BuU. Soc.Chim. 1900, (3), 23, 
144. M. Bourderel, Mon. Sci. 1911, 74, 560; abst. C. A. 1912, 6, 1099; J. S. 
C. 1.1911, 30, 1158. E. Bourgoin, Chem. News, 1870, 22, 48. Bousstagault, 
Compt. rend. 1861, 53, 77. F. Bowmann and W. Scott, J. Ind. Eng? Cheip. 
1915, 7, 766; abst. J. S. C. I. 1916, 34, 1008. Bradbury and Hirsch, J. S. C. 

I. 1912, 31, 71; 1913, 32, 84; 1915, 34, 79. Bradley and tovejoy, Zts. Elek- 

trochem. 1903, 9, 381, 808; 1906, 12, 530; 1907, 13, 216e R. Brandt, Zts. 
ang. Chem. 1914, 27, 424; abst. J. S. C. 1.1914, 749. J. v. Braun, Ategg's 

Hand. Anorg. Chem. 3, III, 216. G. Bredig, Zts. Electrochem. 1907, U, 
69; Zts. ang. Chem. 1907, 21, 158, G. Bredig, W. Fraenkel and E. Wilke, 
Zts. Elektrochem. 1907,13,606. A. Breneman, J. A. C. S. 1889, 11, 1-48. G. 
Brien, Zts. ang. Chem. 1907, 20, 1685. E. Briner, f. Chim. Phys. 1915, U, 18f 
abst. J. S. C. 1.1915, 34, .550. E. Briner and E. Durand, J. Chim. Phys. 1909, 
7, 1; Jour. Chem. Soc. 1909, 90, i, 126; Compt. rend. 1912,155,582,1496;abst. 

J. S. C. I. 1912, 31, 981. E. Briner and E. Fridori, Helvetic# Chim. Acta, 1918, 

h l81; abst. J.S. C. 1.1918, 37, .507-A; C. A. 1919, 13, 100; J. Chim. Phys. 1918, 
,279. E.BrinerandE. Mettler,Compt,rend. 1907,144,694;abst. J.S.C.I. 
1907, 26, 416; J. Chim. Phys. 1908, 6, 137; abst. J. S. C. I. 1908, 27, 576. E. 
Briner and A. Wroczynski, Compt. rend. 1909, M9, 1372. British Thomson- 
Houston Co., E. P. Appl. 1^1,15206,1919; abst. J. S. C. I. 1919, U, m-AT 
A. Brocket and G. Boiteau, Bull. Soc. Chim. 1909, 5, 667. J. Brode, Habil- 
itationschrift Jarlsruhe, Halle, a. s. 1(K)5; Zts. Elektrochem. 1905, 11, 752. 
E. Bronnert, Bull. Soc. Ind. Mulhouse, 1909, 79, 39. Brown, ChemicBl 
Engineer, 1911, 14, 456. J. Bruehl, Qer. 1893, 26, 806. L. Brunkel and P. 
♦Woog, Compt. rend. 1907, 145, 922; J. S. C. I. 1907, 26, 1277. W. Brushel 
and M. Brandegee, Am. J. Sd. 1915, 39, 398; abst. J. S. C. I. 19l6, 34, 
i 614... J. Bucher, Amer. Inst. Chem. Eng. 1917, 9, 233; abst. J. S. C. I. 1917, 
30, 451. E. Buchner and R. Rapp, Ber. 1901, 34, 1523. H. Buff, Ann. 
'Suppl. 1864-65. 4, 184. Bunsen, Ann. 1855, 93, 1. Bunsen Gasometr. Me0t- 
oden 2 Aufl. 209. R. Bunsen and L. Playfair, Brit. Assoc. Rep. 1845, Iw; 
J. prokt. Chem. 1847, 42, 397. A. Burgess and D. Kdwards-Ker, J. S. Ei 
Agric. Coll. Wye, Kent. No. 22, 363; Bull. Agric. Intell. 1916, 6 , 676; J. S. 
C, I...1915, 34, 844. M. Burgess and R. Wheeler, J. C. S. 1914, IM, 131. 
N. Busvold, Zts. anorg. Chem. 1916, 90, 202; abst. J. C. S. 1917, 132; ti, 
207; J. S. C. 1.1917, 3# 641. 

,^]L . Cailletet, Compt.'rend. 1877, 05, 69; 1879, 00, 61. L. CaiUetet 
Hautefeuille, Compt. tend. 1881, ^ 901,1086. Calvert, E. P. Appl. 1240, 

. Iml; abst. X S. C. I. 1918, 37, A, 78. F. Calvert, Compt. rend. 18^, ll, 

; 766; 1^0, r 


srjsr u, te l; 1917 , W,aja. F. carisen, zig. iwxj, m, is»i; zts. •ng. 

ll; 4(i4; 1914>ir27, TSi. <X CsilsQn, Baltiscber Ing.-Koi^lmi, 
;MjH«4,‘.8l(st. Zts. ang. Chem. 1914, Jl/ III, 27; J. S. C. I. 1916, 34, 36i> 
%:Cb^, U. S. P. 903541, 1908; E. P.-18446. 1906; abst, J. S; C. I. 1^ 
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Were then only ,known as lat)oratory specimens. • Within the last 
two decades, however, those arts utilizing nitrated bodies have 

27, ll.');!; 190»,i25, 8.W; Mon. Sci. 1909, 71, 140. N. Caro, D. R. P. 272a'i», 
1910; abst. J. S. C. I. 1914, 33, .59.2; C. A. 1914, 8, 2467; Mon. Sci. 1917, 
84, .27; Chem. Zentr. 1914, 85, I, 1614; Chem. Ztg. Rep. 1914, 38, 227;'WaK. 
Jahr. 1914, 60, I, 210; Zts. ang. Chem. 1914, 27, 202. H. Caron, Ann. Chira. 
Analyt. 1911. IS, 211; abst. J. S, C. I. 1911.30,fi27. G. Carrara, Gaz. chim. 
ital. 1897, 27, II, ,5,59. I. ternti. I.’liul. Chiin, 1913, 13, 102; abst. J. S. C. 
I. 1912, 32, 788. Chainier, Craig and Moeller, K. P Appl. 18216, 1916; 
abst. J. S. C. I. 1917, 36, 2. Chamicr and Moidler, E. P. Appl. 10.59.5, 1917; 
abst. J. S. C. 1. 1917, 36, 72. P. Cliappuis, Arch, sci. phys. nat. 1888, (2), 
20, .5, 1.52, 248. D. Chatbaway and K. Orton, Amer. J. Sci. (Sill.), 23, l')9. 
262; 1882, 24, 218. W. Childs, Aincr. Iron and .Steel Institute, May 1916; 
abst. Met. Chem. Eng. 1916, 15, 28 I). Chouchak, Compt. rend. 1912, 

156, 17U4; liiedemann Zentr. 1914, 43, 409; J. S. C. 1. 1914, 33, 1IIK). J. 
Christopher, J. M. C. I. 1912. 32, 115. P. Claes, E. P. 1072, 19(K); abst. 
Chem. Ztg. 1901, 25, 447. K. Clarke, Phil. Mag. 1881, (.5), 12, 101; abst. 
Jahr. Chem. 1881, 34, 6 . Clarke and Rare Metals, Ltd.. E. P. Appl. 127.5-1, 
1918; abst. J. S. €. 1. 1918, 37, .5;j;5-A. T. Clarke, Met. Chem. Eng. 1916, 
14, 601. 0. Claude, Compt. rend. 1912, 157, 466; abst. J. ,S. C. I. 1912, 
32, 942. J. Clennel Met. Chem. Eng. 1915, 13, 756; Eng. Mining J. 1918, 
106, 660; abst. C. A. 1919, 13, 16. D. Clerk, Chem. News, 18,86, 53, 207. M. 
Coadc and E. Werner, J. C. .S. 1912, 103, 1221; abst. J. S. C. I. 1912, 32, 
769. J. Coates and .A. Emney, J. C. S. 1914, 105, 2444; abst. J. S. C. I. 
1914, 33, 1206. J. Cobb, Jour. Gas Lighting, 1914, 126, 229; abst. J. S. C. 

I. 1914, 33, .541. Cocking and Kynoch, Ltd , E. P. Appl. 117, 1918; abst. 

J. S. C. I. 1918, 371 A, 42. L. Cohen, Met. Chem. Eng. 1912, 10, 202; abst. 
J. S. C. I. 1912, 31, 427. E. Collet, U. S. P. 1110481, 1914; F, P. 42.5997, 
1911; abst. J. S. C. I. 1911, 30, 1(IW; 1914, 33, 1(KI9; C. A. 1914, 8, 2618; 
Mon. Sci. 1912, 7$, 121; 1914, 81,078. Compte, Phys. Centr, 1912, 14, 
74. C. de I.a Condamine, L’Industrie Chimique, li)18, 5, 1.52, 187; abst. 
V. A. 1919, 13, 2664. Cooper, Chem. Eng. 1911, 13, HI. W. Cope and 
J. Barab, J. A. C. S. 1917, 39, 405; abst. J. S. C. 1. 1917, 36, 472. E. Cor- 
l)et. Bur. Mines, 1918, ext.; abst. C.-A.1919, 13, 221. B. Corenwinder, Ann. 
Chim. Phys. 1849, (2), 26, 296. G. Coutagne, F. P. 47246.5, 1912; abst. 
J. S. C. I. 1915, 34, 491; Mon. Sci. 14)16, 83, 79. J. Crafts, Compt. rend. 
1.888, 106, 1662; 1884, 98, 12.59. W. Cramp and B. Hoyle, Inst. Elect. 
Eng. Nov. 2. 1908; abst, J. S. C. I. 1909, 28, 9.5; Proc. Inst. Electr. Eng. 
1<MJ9, 42, 228. H. Creighton and J. Gith(;ns, J. Frank. Inst. 1915, 179, 161; 
abst. J. -S. C. 1. 191.5, 34, 277. Cresap, Iron Age, It)I5, 96, 7.52. W. Crookes, 
Chem. New*, 1892, 65, 301. A. Crossley. Lecture Royal Institution, April 

1.8, 2.5, 1912; abst. Engineering, 1912, .599; Pharm. ,Soc. J. 1910, (4), 30, 
229; 1914, 92, 604, 627, 676; J. S. C. 1. 1914, 33, 113.5. Croullebois, Compt. 
rend. 1868, 67, 692. W, Ctdlen, J. Chem. Met. S. Africa, 1902, 3, 27; abst. 
J. S. C. 1. 1902, 21, 1296. Curtis, E. P. Appl. 2904, 1918; abst. L S. C. I. 

191.8, 37, 129-A. A. Cu.shman, J. Frank. Inst. 1916, lU, 162; abst. C. 
A. 1916,10, 806. G. Czernik, J. Russ. Phys, Ges. 1897, 29, 292. 

h'. Dafert, Monatsh. Chem. 1908, 29, 225; abst. J. S. C. I. 1908, 27, 
684. F. Dafert anrUR. Miklauz, Monatsh. Chem, 1912, 33, 911; abst. J. S. 
C. 1. 1912, 31, 814. •Danneel, Zts. Elektrochem. 1907, 13, 7.5, 190, 210, &.5, 
237, 280. G. Dary, Revue d’Electrochimie et d’Electrometallurigc, 1914, 
8, 70; abst. Elektrochemische*Zts. 1915, 21, 226. J. Davies, Zts. Phys. 
Chem. 1908, 64, 6.57; J. S. C. 1. 1908, 27, 1210. R. Davis and H. Bryan, 
Amer. Fertilizer. 1917, 47, 29; abst. C. A. 1918, 12, 1911. H. Davy, Phil.' ' 
Trans, 1822. 267; abst. Ann. de Chim. 1822, 21, 422; Froriep Wotizen, 1822, 
5, col. 273-280; Thomson, Ann. Phil. 1823, 5, 43. Dawson, E. P. 120^9, 
12;jl44, 127677, 1919; abst, J, .S, C, I. 1918, 37, .563-A, 786-A; 1919, 38, 
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received a marked impetus from th^ Svailability jn large quan* 
titles of highly concentrated nitric acid. Especially,has this 

2Q5-A. 446-A. H. DawMn. J. C. S. 1918, 113, 675; i^st. J.rfi. C. I. 1918, 
377 A, .577; C. A. 1918, 12, 2290. A. Day and R. Sosman, J, Washington 
Acad.fici. 1912, 2, 167; abst. J. S. C. T. 1912, 31, 4.59. Dean, Proc. Cheni. 
Soc. 1889, IS, 21 ;}. Dcfosscs, J. Chim. Pliarm. 182» (1), 14, 280. R. de 
Gregorio, Rev. Real. Acad. Siencias exact., de Madrid, 1916, 14, 681; Bull. 
•Agric. Intell. 1917, 7, 12.56; J. S. C. 1. 1917, 36, !i99, P. Dehcrain and 1,. 
Maquenne, Annalcs agronomiques, 1883, S, 6. G. Denig^s, Bull, des Tra- 
vaux de la soc. de Pharm. Bordeaux; abst. Pharm. J. 1908, 71, 618; J. S. C. 

I. 1908, 22, 1809. Bull. >Soc. Pharm. Bordeaux, 1914; abst. Ann. Chim. 
Analyt. 1914, 19, 221; abst. J. S. C. I. 1914, 33, 1070. Sec also Bull, Soc. 
Chim, 1911, (4), 9, .537; ab.st. I.S. C. 1. 1911,30, 827. H. Deslandres, Compt. 
rend. 1885, Ml, 12.56; 1886, M3, 375; Chem. News, 1886, 54, 100. H. De- 
villc. C. R. 1865, 60, 817. J. Dewar, Chem. News, 1885, SI, 27; dorapt. 
rend. 1904, 139, 201; Ann. Chim.Phys. 1904, (8), 3, 5; Proe.4<oy. Sot. 19(14, 
73, 251-261. O. Dieffenbach, Chem. Ind. 1914, 37, 2(i.5; abst. J. S. C. 1. 
1914, 33, .590. li. Dinslage, Chem. Ztg. 1911, 35, 4045; abst. J. S. C. I. 1911, 
30, 1225. A. Ditte, Compt. rend. 1871. 73, 023,738. Dittmar, Challenger 
lixpedition. Physics and Chemistry, 18^, 1, 172. li. Divers, P«ac. Chem. 
.Soc. 1908. 24, 16; abst. J. S. C. I. 1908, 27, 223, O. Dobbelstein, Stahl und 
liisen, 1912, 32, 1571; abst. J. S. C. 1. 1912, 31, 982. J. Dodgson, Phot. J. 
1911. 51, 302; abst. J. S. C. I. 1911, 30, 1231. W. Donkin, Proc. Roy. Soc. 
1873, 21, 281; Phil. Mag. 1878. (4), 46, 336. .AT Dorochewsky, Bull. Soc. 
1896, (3), M, 98. H. Draper. Amer. J. Sci. 1877, (8), 14, 89. J. Drugmann 
and W. Ramsay, J. C. S. 19(X), 77, 1228. Dubnmfaut, Compt. rend. 1870, 
70, 1.59. Duke, Knginecring and Mining Journal, 1916, Ml, 149; Manufac¬ 
turer's Record. 1915, 68 , .54. P. Dulong and J. Berzelius, Ann. Chim. Phys. 
1820, (2), IS, 386. J. Dumas, Compt. renjl. 1857, 45, 709. J. Dumas and J. 
Boussingault, Compt. rend. 1841, 12, 1005; J. prakt. Chem. 1841, 24, 75. 
Dumoulin, Instit. 1851, 11; abst. Jahr. Chem, 1851, 4, 821. Dunn, .Sci, 
Amer. 1915, 113, 492; Proc. Amer. Institute of Electrical Eng:incers, 1916, 
35, .575. Dupaquier, Graham-Otto, anorg. Chem. 5 Aufl. 2, 9. Du Pont, 
de Nemours & Co., E. P. Appl. 14522, 1918; abst. J. S. C. I. 1918, 37, .562-A. 

B. Dutt, B. Chatterji and H. Banerji, Proc. Chem. Soc. 1913, 29, 235; abst. 

J. S. C. 1. 1913, 32, 697. 

W. Easton, J. A. C. S. 1908, 25,1(142; abst, J. S. C. I. 19a3, 22, 12,58. 
J. Edstrom, Electrochera. Ind. 1904,2,399. V. Eihrlich and P". Russ, Monatsh. 

• Chem. 1911, 32, 917; abst. J. S. C. I. 1911, 30, 1393. J. Emmet, Amer. 1. 
.Sci. (Sill.), 1830, M, 2.59; Berz. Jahr. 1883, 12, 71. E. Erdmann and F. Bed¬ 
ford, Ber. 1904, 37, 1184, 2.545. C. Erkin, J, C. S. 1871, 24, 64. G. Erlwein, 
Fifth Inter, Cong. Appl. Chem.; abst. Zts. ang. Chem. 1903, M, 533; J. S. C. 

I. 1903, 22, 794. See also A. Frank, Fifth Inter. Cong. Appl. Chem.; abst. 
Zts. ang. Chem. 1903, M, .536; J. S. C. I. 1903, 22, 809. R. Escales, Zts. 
Elektrochem. 1906, 12, .5.39. E. Esiienhahn, J. S. C. I. 19r, 36, 483. T. 
Estreicher, Anz. Akad. Wiss. Krakau, 1908, 811. T. Ewan and T. Napier, 

J. S. C. I 1913, 32, 467. A. Ewart, Nature, 65, 128; Pharm. J. 1902, 68 , 

• 82; J, .S. C, I. 1(KI2, 21,.368. 

, K. Falk and K. Sugiura, J. A. C. S. 1916, 38, 916; abst. J. S. C. I. 1916, 
35, B59. Ad. Fauconnier, Bull. Soc. Chinl. 1880, (2), 33, 102; Chem. Ztg, 
1880, 4, 191. Fawcett, Preston & Co., Ltd., E. P. Appl. 12592, 1914. F. 
Feigl, Chem. Ztg. 1914, 38, 1265; abst. J. S.C. I. 1915, 34, 135. H. voc 
Feilitzen, Chem. Ztg. 1907, 31, 385; 1908, 32, 542; abst. J. S. C. 1. 11X17 
;t6, 478; 1908, 27, 696. R. Felgate, Chem. News, 1913, 108, 178; abst. J. S 

C. I. 1913, S2,«975. F'. Fichter, Zts. ang. Chem. 19()4, 17, 181. F. Fichtei 
and G. Oesterheld, Zts. Elektrochem. 1916, 21, 50; J. C. S. 1916, 1^ it 
168; J. S. C. I. 1915, 34, 548. C. Fievez, Phil. Mag. 1880^(5), 0,309. 6 
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dhange been apparent sinc6 \he advent-of the highly concentrated 
sulfuric a?ids wntaining trioxide in solution—the so-called oleums. 

Finch, Zts. Sctiesii. Sprengstoff. 1912, 7, 3.17; abst. j. S. C. I. 1912, 31, lO^g. 
F. Fischer and F. Braehmer, Ber. 1906, 39, 940. F. Fischer and E. Hene, 
Bcr. 1912. 45, 36.12; 1913, 45, 340, 603; abst. J. S. C. I. 1913, 32, 83, 288. 

F. Fischer and H. Mafrx, Ber. 1906, 39, 2557, 3631; J.*S. C. I. 1906, 25, 808. 
K. Fischer and H. Alt, Ann. (Drude), 1902, 9( 1149. W. Fischer and N. 
Steinbach. Zt*. anorg, Ch4m. 1912, 78, 134; abst. J. S. C. I. 1912, 31, 1029. 
W. Flight, Chem. News, 1882, 45,'10.'). F. Foerster, Zts. Eiektrochem. 1906, 
12, 52.5, 5.16. F. Foerster and J. Blich, Zts. ang. Chem. 1910, 23, 2017. F. 
Foerster and M. Koch, Zts. ang. Chem. 1908, 21, 21.11, 2161; abst. J. 55. C. 1. 
1908, 27, 1110. H. Foote, J. Ind. ling. Chem. 1918, 10, 896; abst. J. S. C. 

I. 1918, 37, 765; C. A. 1918, 12, 2477. A. Fourcroy, Ann. Chim. Phys. 1789, 
(1), 1 , 47. G. j. Fowler, J, Chem. Soc. (London), 1901, 79, 28,5. Fownes, 

J. prakt. Chem. 1842, 26, 412. P. Fox, J, Ind. Eng. Chem. 1917, 9, 7.17; 
abst. y. S. C. It 1917, 35, 1005, W. Fraenkel, Zts. Eiektrochem. 191.1, 19, 
.162; abst. J. S. C. I. 1913, 32, 485. W, Fraenkel, P. Askenasy and J. Sil- 
licrmann, Chem. Ztg. 1913,«37, .1.14; abst. J. S. C. I. 1913, 32, 361. A. Frank, 
Faraday Soc. June 9, 1908; abst. J. S. C. I. 1908, 27, 696. Sec also T- S. C. 

1. 1904, 23, 1037; UK),5, 24, 143, .5.54, 1245; 1906, 25, .567, 647; 1907, 26, 478, 
1059, 11,53. Fifth Inter, Cong. Appl, Chem.; abst. J. S. C. I. 1903, 22, 809; 
Zts. ang. Chem. 190;l, 15, .5;i6. See also G. Erlwein, Fifth Inter. Cong. 
Appl. Chem.; abst. Zts, ang. Chem. 1903, 15, 5.13; J. S. C. I. 1903, 22, 794. 
P, Frankland, J. S. C. I. 1907, 26, 175. Franklin, General Electric Review, 
1911, 14, 472; Chem. Eng. 1911, 14, 4.53. H. Freeman, Can. Chem. J. 1918, 

2, 87, 123; abst. C. A. 1918, 12, 1912. Frecth, E. P. Appl. 9347, 1916; abst. 
J. S. C. I. 1917, 116, 61. M. Freiberger, Farter. Ztg. 1915, 26, 41, 57, 77, 
9.1, 103; abst. Zts. ang. Chem. 191.5, 28, R,_344; J. S. C. I. 191.5, 34, 1087. Sec 
also Report on the sealed notes <jt M. Freiberger, deposited July 31, 190t), 
to Sept. 26, 1908, by F. Binder, Bjdl. Hoc. Ind. Muihouse, 1913, 83, 225; 
abst. J. S. C. I. 191.1, 32, 696. J. Frerc, Rev. prod. chim. 1918, 21, 100; 
hbst. C. A. 1918, 12, 210.5. H. Fulmer, Soil Sd. 1917, 4, 1; abst. J. S. C. 1. 
1917, 36, 1021. J. Gatehouse, Chem. News, 1877, 118. A. Gautier, 
Bull. ,Soc. Chim. 1901, (3) 25, 403. 1*. Gayon and G. Uupetit, Compt. rend. 
1882, 95, 644, 1365. K. Geelmuyden, U. S. P. 907332, 1908; E. P. 11415, 
1908; abst. J. S. C. I. 1908, 27, 1019 M 909, 28, 91; Mon. .Sci. 1909, 71, 120; 
Chem. Ztg. Rep. 1909, 33, 53. General Chemical Co., E. P. Appl. 3607, 
1917; abst. J. S. C. 1. 1918, 37, 139-A. A. Gestelmeyer, Ann. Phys. 1904, 
(4), 15, 423. C. W. von Geuns, Rec. trav. chim. Pays-Bas, 1900, 19, 186. 
W. Gibbs, Ber. 1877, M, 1387. H. Gibson, Amer. Chem. J.-15, 12; Ber. 
1893, 26, R, 387. J. Gladstone, Proc. Roy. Soc. 1870, 18, 49; 1881, 31, 327. 
S. Gniewasz and A. A. Walfisz, Z. physik. Chem. 1887, 1, 70. F. Gooch 
and S. Kuzirian, Amer. J. Sci. 1911, (4), 31, 497; abst. J. S. C. I. 1911, 30, 
800. Goold-Adams and Greenwood, E. P. Appl. 2742, 1917; abst. J. S. C. 
I. 1917, 36, 23. A. Grau and F. Russ, Sitzungsber. K. Akad. Wiss.', Wien, 
117, Abth. II, A, 321; abst. Chem. Zentr. 1908, 79, II, 667: J. S.ti. I. 1908, 
27, 945. See also Sitzungsber. Akad. Wiss., Wien, 1906, llS, II, A, 1; Chem. 
Zentr. 1907, 78, I, 1171; J. S. C. I. 1908, 27, 945. L. Grimbert, Compt, 
rend. 1898, 127, If)?!). H. Grohmann, U. S. P. 103687.1; E. P. 919, 1910; 
abst. J. S. C. I. 1910, 31, 592; C. A. 1912, 6 , 3232. Gros and Bouchrfdy, 
E. P. 131336, 1919; abst. J. S. C. I. 1919, 38, 700-A. Grossmann, E. P. Appl. 
8972, 1917; abst. J. S. C. I. 1917, 36, 69 J. Grossmann, J. S. C. I. 1918, 
37, 103-T. Grove, Ann. Pogg. Ergaenzungsband, 1848, 2 , 385. G. Gnibe 
and J. Kruger, Zts. ang. Chem. 1914, 27, 3^; abst. J. S. C. I. 1914, 33, 690t« 

G. Grute and P. Nitsche, Zts. ang. Chem. 1914, V, 368; abst. Js S. C. 1.1914, 
33, 749. M. Gruber, Zts. Biolog. 1880, 16, 367. M. Guichard, Rev. Sci. 
19^8, 58, 385; ajjst. C. A. 1918, 12, 1941. Guntz, Compt. rend. 1902, US, 



NITRIC ACID 


671 


•In order to produce the jnore highlyt concentrated nitric acid-»- 
from 95% strength upwards—considerable technical ^difficulties 

738; abst. J. S. C. I. l5b2, 21, 1476. O. Guttmann, T. S. C. I. 1901, 29, 7. 

Guye, Compt. rend, 1904, 13S, 1213. P. Guyc ahd S. Bogdan, Compt. 
rcnd» 1904, IM, 1494. P. Guye and G. Daricr, E. P. 16525, 1910; K. P. 
415143, 1909; abst. J. S. C. I. 1910, 29, 1306, 1380; Aem- Ztg- Rep. 1910, 
34, 550; 1911, 35, 545; C. A, 1912, 6, 1966. P. Guye and C. Davilla, Chem. 
Centr. 1906, 77, I, 176. P. Guye and A. Pintaa, Compt. rend. 1904, 139, 
677. P. Guye ind F. Schneider, Helvetica Chimica Acta, 1918, 1, 33; abst. 

J. S. C. I. 1918, 37, A, 412; C. A. 1918, 12, 1865. P. Guye, Schweiz. Chem. 
Ztg. 1918, 2, 3; abst. J. S. C. 1. 1918, 37, A, 179. 

F. Hater, Deuts. Physik. Ges. Nov. 6, 1914; abst. Chem. Ztg. 1914, 
33, 695; 1915, 39, 24; abst. J. S. C. I. 1914, 33, 871; 1915, 34, 278. F. Haber 
and H. Greenwood, Zts. Elektrochem. 1915, 21, 241; abst. J. C. S. 1915, 
108, ii, 443; J. S. C. I. 1915, 34, 902. See also J. S. C. I. 1910, 29, 48.5. F. 
Haber and A. Koenig, Zts. Elcctrochem. 1907, 13, 725; absC J. S. C,I. 1908, 
27, 27. F. Hater and A. Maschke, Zts. Elektrochem. 1915, 21, 128; abst. 

J. S. C. I. 1915, 34, 1Q88. F. Haber and R. teRossignol, Zts.,Elektrochem. 
1913, 19, 63; abst. J. S. C. I. 1913, 32, 134. E. Haentoschel, Ann. Phys. 
1905, (4), M, 565-573. W. Hale and F. Vibans, J. A. C. S. 1918, 40, 1046; 
abst. C. A. 1918, 12, 1779. Hamterg, Bihang til K. Svenska Vet. Akad. 
Handlingcr, 1885, 10, 13. h. Hamburger, Chem. Weekblad, 1915, 12, 62; 
abst. J. C. S. 1915, 108, ii, 81; J. S. C. I. 1915, 34, 483. Chem. Weekblad, 
1918, 15, 931; abst. C. A. 1918, 12, 2283. A. Hantzsch, Ber. 1900, 33, 522. 
Harcourt and Lupton, Arch. Pharm. 1877, (3), 11, 453. V. Harding and R. 
MacLean, J. Biol. Chem. 1915, 20, 217; abst. J. S. C. I. 1915, 34, 514. Har- 
ger, E. P. Appl. 1148, 1911; abst. J. S. C. I. 1911, 30, 1*2. E. Hart, Met. 
Chem. Eng. 1918, 18, 634; ab.st. C. A. 1918, 12, 2043. W. Hartley, J. C. S. 
1876, 29, 137 ; 30, 237. Haslup, E. P. Appl. 17364, 1918; abst. J. S. C. I. 
1918, 37, 675-A. P. Hautefeuillc and J.*Chappius, Compt. rend. Soc. Biol. 
1881, 22, 80; Compt. rend. 1884, 98, 626. Hayhurst, E. P. Appl. 7737, 1917; 
abst J S. C. 1. 1918, 37, 259-A. G. Hebden, Coke Oven Managers AssofiaJ» 
Dec. 15, 1917; abst. Gas. J. 1917, 140, 609; J. S. C. 1. 1918, 37, A, 29. C. 
Heck, Stahl und Eisen, 1913, 33, 777. D. Helbig, Gazz. Chim. Ital. 1903, 
33, 464; abst. Chem. Ztg. 1903, 27, Uep. 262; J. S. C. I. 1903, 32, 1193. W. 
Hempel, Ber. 1890, 23, 1455,1457. Hene, Disertation der Berliner Technischen, 
Hochschule, 1912, p. 48; abst. Elcftrotechnische Ztg. 1914, 35, 745. E. 
Hene and A. van Haaren, Zts. ang. Chem. 1918, 31, 129; abst. J. S. C. I. 
1918, 37, A, 478; C. A. 1918, 12, 2296. Henwood, E. P. Appl. 18847, 1919; 
abst. I. S. C. I. 1919, 38, 608A. F. Henrich and W. Eichhom, Zts. ang. 
Chem. 1912, 25, 468; abst. J. S. C. I. 1912, 31, 360. E. Heuser smd A. Haug, 
Zts. ang. Chem. 1918, 31, 99, 103; J. S. C. I. 1918, 37, A, 365*; C. A. 1918, 
12, 2439. J. Hibbs, J. A. C. S. 1^6, U, 1044. C. Hill, Analyst, 1918, 
43, 217; abst. J. S. C. I. 1918, 37, A, 413. W. Hillebrand, Chem. News, ; 
1891, 84, 221, 230, 244, 255, 279, 290, 302. A. Hitch, J. A. C. S. 1918, 40, 
1195; abst. C. A. 1918,12, 1951. I,. Holborn and E. Austin, Situngster. Preuss. 
Akad. 1906,175. C. Hopkins, J. A. C. .S. 1902, 24, 1155; abst. J. S. C. I. 1903, 
22, 104. F. Hoppe-Seyler, Z. physiol. Chem. 1878, 2, 1. A. Houzeau, Ann. 
£him. Phys. 1871, (4), 22, 160. E. Howies, J. S. C. 1.1907, 28, 452. See also 
I.*E C. 1.1907,26,299. H. Hoyermann, Chem, Ztg. 1902,28, 70; abst. J. S. 
C. 1.1902, 21, 1661. G.Huefner,Ann.(Wied.),1882,(2),l«,253. C. Hutch¬ 
inson, Bull. 68; Agric. Research Inst. Pusa; abst. J. S. C. 1.1917,36, 709. H. 
Hutchinson and N. Miller, J. Agric, Sci. 1912, 4, 282; abst. J. S. C. I. 1912, 

. ^ 196. A. Hutin, Rev. prod. Chim. 1918, 21, 2.50; abst. C. A. 1919, 13, 
2684. * . 

L. Ilosvay and N. Ilrava, Bull.^.Chim. 1889, (3). 2, 360,734; 1894,11, 
272 ; Ber. 1889, 22, 794; 1894, 27, 422-R: J. C. S. 1890, 58, 447. D. IrVin, 
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Ijiive had to be overconie,» and the problem has been solved to 
the present day state of perfection by the combination of chem- 

Eng. Mining J. 1918, MS, 987; abst. C. A. 1918, 12, ‘181,5; Mining Sci. Press, 
1918, 117, 109,‘abst, «. A. 1918, 12, 2(143. T. Ishiwara, Sci. Reports, ToMo 
Imp. llniv. 1910, 5, 53; abst. J. S. C. I. 191(1, 35, 848. W. Iwanow, J. J[tuss. 
Phys. Chcm. Soc. 1912. 44, 1772; abst. J. S. C. I. 1913) 32, 82. Clicm. Ztg. 

1912, 36, 1170; abst. C. I. 1912, 31, 1028, , 

I. Jakonphkine, Aniipls, Agric. In.st. Moscow, 1910, 22, 137; Bull. 
Agric. Intcll. 1917, 8, 7(X); abst. J. ,S. C. I. 1917, 38, 1058. James and Jones, 
E. P. Appl. 11619, 1917; abst. J. S. C. I. 1917, 36, 78. A. Jaquerod and 
,S, Bogdan, Compt. rend. 1904, l33, 49. E. Jeffery, Faraday Soc. Oct. 1915 
(Advanced proofs); abst. J. ,S. C. I. 1915, 34, 1100. K. Jcllinek, Zts. anorg. 
Chem. 1911, 71, 121; abst. J. S. C. I. 1911, 30, 892. W. Jevons, Proc. Roy. 
Soc, 191.5, A, 91, 120; abst. J. S. C. I. 191.5, 34, 175. See also J. S. C. I. 

1913, 32, 750: 1914, 33, .548, G. Johnston, J. C. S, 1.881, 39, 128; Jahr. 
Cliem! ^881, 34, 176. Jollinger, Sitzungsber. Wien. Akad. 1871, 63, 319. 
P. Jolly, Pogg, Ann. 1.874, Tnbelbd. 82-101; Ann. (Wied ), 1879. (2), 6 , 536. 
B. Jones, J. C. S. 1914, 105. 2310; abst. J. ,8. C. 1. 1914, 33, 1206, Sec also 
H. and M. Baker, J. S. C. 1. 1907, 26, 1276. C. Jones, J. Ind. Eng. Chcm. 

1912, 4, 438; absf J. S. C. 1. 1912, 31, 695. F. Jost, Zts. anorg. Chem. 
11M).8, 57, 414; Zts. Elektrochem. P.108, 14, 373, E. Jonlin, Compt. rend. 
1880, 90, 741. K. Jnrisch, "Saltpeter und sein Ersatz,’’ Leipsig. Verlag von 
S. Ilirz.cl, 190.8, ,3(i6 pages. G. Just, Z. physik. Chem. 1901, 37, 361. 

R. Kae.sbohrer. Chciv. Ztg. 1918, 42, 296; abst, J. C. S. 1918, 114, 
ii, 273; C. A. 191,8, 12, 2297. H. Kappen, Chem. Ztg. 1911, 35, 9.50; abst, 
J, S. C. I. 1911. 30, 1129, See also J. .S. C. I. 1911, 30, 821, 912; Zts. ang. 
Chem. 1918, 31, lU; abst. J. S. C. 1. 1918, 37, A, 478. E. Reiser and h. 
McMaster, Amer. Chem. J. 190,8, 39, 96; alwt. J. S. C. I. 1908, 27, 141. R. 
Kempf, Bcr. 1905, 38, 3966, 3972. H. Rirchhofer, I). R. P. 262464, 1912; 
abst. J. S. C. I. 1913, 32, 909; C. ft. 1913, 7, 3.5.58; Chcm. Zentr, 1913, 84, 

11, 631; Chem. Ztg. Rep 1913, 37, 4(’4; Wag, Jahr. 193, 59, 1. 431; Zts. ang. 
^hem. 1913, 26, 519; Zts. Schiess. Spreng, 1913, 8, 296, M. Klaeser, Her. 

Ueiitsch Botiin. Ges. 1914, 32, .58; abst. Chem. Zentr. 1914, 85, II, 341; 
J, S. C. I. 1914, 33, 877. G. Klinger, Ber. 1913, 46, 1714; abst. J, S. C. I. 

1913, 32, 697. F'. Knapp, Rep. Phartn. 1876, 25, 310; abst. Jahr. Chcm. 
1876,2^18,8. Knapp and T,aylor, E. P. Appl. 44.54,44.55, 1918; ab.st, J. S.C. I. 
1918, 37, 170-A. E. Knocdlcr, J. IndwEng. Chem. 191.5, 7, 1061. G. von 
Knorre, Chcm. Ztg. 1903, 27, rm-, abst. J. S. C. I. 1903, 22, 794, 795; Chem, 
Ind. 1903, 25, .531, .5.50. G. von Knorre and K. Arnilt, Bcr. 1900, 33, 30. 
J. Knox, "Fixation of .\ttnospheric Nitrogen, ” 110 pages, D. Van Nostrand, 

1914, A. Koch and .S. .Scydcl, Zentr. Bakt. u Parasitenk, 1911, II, Abt. 
31, .570; alxstrChcm, Centr. 1912, 83, I, 433; J. ,8. C. I. 1912, 31, 195. Koeh¬ 
ler and iMarqueyrol, Bull. Soe. Chitn. 1913, 13, 69; abst. J. ,S. C. I. 1913, 32, 
140. A. Koenig, Bcr. 1913, 46, 132; abst. J. S. C. I. 1913, 32, 194; Zts. 
Elektrochem. 1915, 21, 267; abst. J. ,S. C. I. 1915, 34, 1090. A. Koenig and 

E. Elod. Phys. Zts. 1913, 14, 165; Bcr. 1914, 47, 516, .523; J. .S. I. 1914, 
33, 311. H. Kolbe, Ann. 1861, 119, 176. H. Kopp, abst. Chem. Centr. 
18.56, 27, 449, 916; Ann. 18.56. 97, 374; Arch. ph. mil. 18.56, 33, 237; Jahr. 
Chem. 18,56, 9, 22. .A. Kossowicz, Z. Garungsphysiol. 1913, 2, In'!; abst, 
Biedermann's Zentr. 1914, 43, 140; J. S. C. I, 1914, 3^ 1100. G. Kraemcrf 
J. prakt. Chem. 1918,*97, .59; abst. J. S. C, I. 1918, 37, A, .526; C, A. 1918, 

12, 2297. K. Kubierschky, Zts. ang. Chcm. 1913, 26, I, 271; abst. C. A. 
1914, 8, 545, O. Kiihling, Ber. 1!K)7, 40, oE), 0. Ktihling and O. Berkold, 
Zts. ang, Chem. KKW, 22, 193; J. S. C. I, 1909, 28, 423; Bcr. 1908, tt, 28,. 

F. Kuhlman, Ann. 1819, 29, 281. A. Kundt und W. RiK'ntgen. Ann, Wied. 

1880, (2), M, 2,57. • • 

A. Ladenburg and C. Kriigel, Ber. KMXl, 33, 037. P, Lambert, Rev. 
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jcal experimentation and an engineering skill of a very high order. 
When it is recalled that inasmuch as substantially iyO% nitric 

chiin. ind. 1912, 22, loS; ahst. C. A. 19)2, 6, 1212. E. Utny, Met, Clicra. 
Iftig. 1911, 9, 99. J. Eandin, Zts. ang. Chem. 1904,*18, 2fil; Tclcnislc Tid- 
slcriH Oct. 22, 1904. W. handis, Amer. Inst. Chem. ling. Jan. 12, 191H; 
Met. Chem. Kng. 1916, 14, 87; J. S. C. I. 1916, 35,^252; Met. Chem. Eng. 
1918, 19, 828; abst. C. A. J919, 13, 248. C. banger and V. Meyer, Ber. 
1885, 18, blOl. H, Laveth and C. Itand, Zts. ang. Chem. 190,5, 18, 1906; 
Met. and Chemf Eng. 1905, 3, .IKS. Le Blanc, Zts. EIcktrochem. 1906, 12, 
.541. !.e Blanc and Eschmann, Zts. EIcktrochem. 1911, 17, 20; abst. J. S. 
C. 1. 1911, 30, 88 . M, LcBlanc and W. Nuranen, Zts. EIcktrochem. 1907, 
13, 297. H U Chatelicr, Zts. I’hys. Chem. 1888, 2, 782. H. Le Chatelicr 
and B. Bogitch, Coinpt. rend. 191.5, 161, 475; abst. J. S. C. I. 1915, M, 1141; 
Kev. Met. 191.5, 12, 949; alxst. J. S. C. I. 1916, 35, 845; Compt. rend. 1917, 
164, .588; abst. J. S. C. I. 1917, 36, 545. A. I,ecler6, J. Pharm. ChiiB..19i;i, 
8, 299; abst. J. .S. C. I. 1913, 32, 975. Lecoq de Boisbaudr^, Comat. rend. 
1870, 70, 1090. A. Leduc, Compt. rend. 1891, 113, 71, 186; 1896, 123, 805, 
807; 1897, 125, 299. A. Ue and A. Beyer, Zts. Jilcktrochcm. 1907, 13, 701, 
H. Lee. E. Walker, H. Dutcher and E. Haggeii, Mining Eng. Record, 1918, 
23, 73; abst. C. A. 1918, 12, 1856. E. Lemairc, Genie Civil. 1906, 48, .308, 
328. H. laimaitrc. Genic Civil. 1907, 52, 125. fioc. Anon. I,e Nitrogen, 
IC. P. 1143, 1911; abst. J. S. C, I. 1911, 30, 162. H. Leo, Pfluegers Arch, 
Physiol. 1.881, 26, 218. F. v. Lcpel, Ann. (Wied.), 1892, (2), 46, 319; Ber. 
1897, 30, 1027; 1903, 36, 1251; Zts. ang. Chem. dOOl, 17, 1716; T. S. C. I. 
UM)3, 22, 636. K. Uiichs, Chem. Ztg. 1918, 42, 235; abst. J. S. C. I. 1918, 
37, A, 368; C. A. 1918, 12, 2146. Levy. Pharm. Vicrtelj, 20, 137; Chem. 
Centr. 1870, 41, 7,89. G. Lewis and E. Adams, J. A. C.»S. 191.5, 37, 2308; 
abst. J. S. C. 1. 191.5, 34, 1141. G. Lewis and A. Edgar. J. A, C. S. 1911, 
33, 292. A. Lidov, Charkov, 1916, 4; abst. J. S. C. I. 1916, 35, 1260. L. 
Licbermann, Wien. Akad. Ber. 1878, 78, 80. J. von Liebig, Ann. 1851, 77, 
102; J. de Pharm. 1851, 19, 297, P. Lfchti and E. Ritter, Zts. anal. Chem. 
1903, 42, 2f)5; abst. J. S. C. 1. 1903. 22, 824, F. Liljcnroth, Chem. Met. Engi.;' 
1918, 19, 287; abst. J. .S. C. 1. 1918, 37, A, 730; C. A. 1918, 12, 2413. A. 
Lipinski, Zts. EIcktrochem. 1911, 17, 761; abst. J. S. C. I. 1911, 30, 11.57. 
C. Lipman, J. Biol. Chem. 1911, 10, *169; abst. J. S. C. I. 1911, 30, 1273. 
C. Liveing and J. Dewar, Phil. Mag. 1892, (5), 34, 205; 1893, 3R 328. W. 
Loeb, Zts. EIcktrochem. 1908, 14, .5.50; abst. J. S. C. 1. 1908, 27, 945. 0. 
Loew. Ber. 1890, 23, 1443; Chem. Ztg. 1908, 32, 676; ahst. J. S. C. I. 1908, 

> 27, 821. R. Loewenherz, Ber. 1890, 23, 2180; Zts. physik. Chem. 1890, 6, 
5.52. E. Lohnis, Zts. Gahrungsphysiol. i914, 5, 16; abst. Bull. Agric. Intcll. 
1915, 6, 673; J. S. C. 1. 1915, 34, 844. F. Lohnis and R. Moll, Zent. Bakter, 
u Parasiiciik, 1908, 11, Abt. 22, 2.54; abst. J. S. C. I. 1909, 28,' USl. .See also 
H. Kappen, Zent. Bakter. u Parasitenk, 1908, II, Abt. 22, 281; Chem. Zentr. 
1909, 80, I, 310; J. S. C. I. 1908, 27, 991. T. Lowry, Proc. Chem. Soc. 1912, 
28, 61; J. C. S. 1912, m, 1152; Trains. Faraday Soc. 191.3, 8, 189; abst. J. S. 

C. I. 1912, 33, 383. C. Luedeking, Ann. 1888, 247, 122. E. Ludwig, Chem. 
Centr. 1890,61, II, 468, 846. Ludwig and v. Zeynek, Wien. klin. Wochcnschr. 
11, 364. G. Lunge and E. Berl, Zts. ang. Chem. 1906, 19, 807. S. Lupton, 
Qicm. News, 1876, 33, 90. F. Luty and H. Niedenfuhr, Zts. ang. Chem. 
1906, 15, 242; alist. J. S. C. I. 1902, 21,. 475. D. L*n and R. Keeney, 
Trans. Amer, Electrochem. Soc. 1913, 24, 119. 

G. Macfcay and C. Ferguson, J. Frank, ^nst. 1916, 181, 209. J. Mai, 
Ber. 1901, 34, 3805; J. S. C. I. 1902, 21, 76. Mallard and Le Chatelier, 
.Compt. rend. 1881, 93, 1014. W. Manchot, Ber. 1914, 47, 1601; abst. J. S. 
C. I. 1914, 33. 04. Sec also J. S. Cn. 1910, M, 563, 1202. A. Mandl and 
F. Russ, Zts..’ang. Chem. f908, 21, 486; J. S. C. I. 1908, 27, 333. S. Pea¬ 
cock, Can. P. 106923, 160924, 1910. E. Scott, Can. P. 199100, 1920. 
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acid is stable only below tero Centigrade and begins to boil at 
80 “ with partial decomposition as evidenced by the evolution of 

C. Manucllv Annali Chim. Appl. ISH, 1, 388; abst. J. S. C. I. 1914, 3J, 
690. E. Marchand, J. Chim. med. 10, 16; Berz. Jahr. 1845, 24, 46. Mang- 
nac, Berz. Jahr. 1845, 24, 44. L. Marino and E. Gonneli, Atti R. Accad. dei 
Lincei, Roma, 1914, 2?, 1, .523; abst. J. S. C. I. 1914,93,,615. H. Markow- 
sky, Ajin. Phvs. 1904, f5), 14, 742; abst. Jahr. Ohem. 1904, 57, 27. R. Mar¬ 
quis, Bull. S«. Chim. 1903, 2S, 780; abst. J. S. C. I. 19tt3, 22, 967. E. , 
Mascart, Conipt. rend. 1874, 78, 617, 679, C. Matignon, Ann. Chim. Ph^. 
1908, (8), 14, 51; Bull. Soc. Chim. 1!X)8, 3, 3.55; abst, J, S. C. I. 1908, 27, 
;i34; Compt. rend. 1912, 154, 2a3; abst. J. S. C. 1. 1912, 31, 186; Chem. Ztg. 
1914, 38, 894; abst. J. S. C. I. 1914, 33, 829; Rev. gin. .sci. 1917, 28, 6 , 50; 
atet. C. A. 1917, 11, 17;i0. J. Matiischek, Chem. Ind. 1902, 25, 207; abst. 
J. S. C. I. 1902, 21, 70.5. C. Maule, E. P. 722, 1913; ab.st. J. S. C, I. 1913. 
32, 902; C. A. 1914, 8, 2242. E. Maumene, Compt. rend. 1851, 33, 401. 
Maxted, E. P. Appl. .5741, 1918; abst. J. S. C. I. 1918, 37, 227-A. E. Maxtcd, 

J C S. 1918, 113, 168, 386; abst. J. S. C. I. 1918, 37, A, 368; C. A. 1918, 12, 
1443, 2235; J. S. C. I. 1918.37, 10,5-T, 232; abst. C. A. 1918, 12, 223,5. Max- 
ted and Risdale..E. P. Appl. 3892, 1917; abst. J. ,S. C. I. 1917, 36, 29. 
Maxted arid Smith, E. P. 114663, 1917; abst. J. S. C. I. 1918, 37, .302-A; 
C A 191,8, 12, 1589; Mon. Sci. 1918, 85, ,59. R. McConnell, J. Ind. Eng. 
Chem. 1919, 11, 8,37. C. McCourt, Can. P. 187662, 1918; abst. J. S. C. I. 
1919, 38, 168. Meister, Lucius and B'ruening, 1*'. P. 4.33410, 1911; abst. 

J S C. I. 1912, 31, 230; Mon. Sci. 191.3, 79, 1,30. D. Meneghini, Gaz. chim. 
ital 1912, 42, I, l26; 191.3, 43, I, 81; abst. J. S. C. I. 1912, 31, 383; 1913, 
32, 2.30. R. Messel, J. S. C. I. 1912, 31, 8,54. J. Meyer and E. Trutzer, 
Zts. Elcktrochenm 1908, 14, 69; abst. J. S. C. T. 1908, 27, 22.3, O. Meyer, 
Pogg. Ann. 1871, 143, 14. V. Meyer, Her. 1878, 11, 1867. V. and C. Meyer, 
Ber. 1879, 12, 1426; 1880, 13, 2019, E. Miller, Analyst, 1912, 37, 345; abst. 

J S C. I. 1912, 31, 814. A. Mitfasch, Zts, .ang. Chem. 19a3, 16, 929; abst. 
J. S. C. I. 1903,1^ 1208. H. Moiss;m, Ann. Chim. Phys. 1891, (6), 24, 224; 
•M895, (7), 6, 296; Compt. rend. 1894, 118, 503. W. Moldcnhaucr and F. 
Groebe, Zts. ang. Chem. 1914, 27, 334; abst. J. S. C. I. 1914, 33, 748. W. 
Moldcnhaucr and O. Wchrheim, Zts. ang. Chem. 1914, 27, 3.34; abst. J. S. 
C. I. 1914, 33, 748. A. Monnicr, Chem. Ztg. 1911, 35, 601; abst. J. S. C. I. 
1911, 30, 821. See also J. S. C. I. IIXIS, 24, 1129; 1909, 28, 1097; 1910, 29, 
1171, 1218. W. Montgomery & Co.^Lld., J. S. C. I. 1902, 21, 146, 290; 
1903, 22, 119, 11.57; 1908, 27, 748; 1916, 35, 44. Montgomery & Co., Report: 
abst. J. S. C. I. 1913 , 32, 84; Jour. Ind. Eng. Chem. 1913, 5, 260; Chem. 
Eng. 1913, 17, 78. Moore, K. P. Appl' 7984, 1917; abst. J. S. C. 1. 1917, 
36, 57. A.. Morgen, Landw. Vers.-Stat. 30, 199. G. Morrell and P. Bur- 
gcn, Proe. Chem. .Soc. 1913, 29, 300; abst. J. S. C. 1. 1913, 32, 11.5.5. Morren, 
Compt. rend. 1859, 48, ,342. G. Morselli, Chem. Trade J. 1918, 63, 182; 
abst. C. A. 1919, 13, 62. A Morvillez, Ind. Chim. rev. prod. chim. 1918, 
5, 101; abst. C. A. 1918, 12, 1682. L. Mosr^r, Zts. anal. Chem. 1911, 50, 
401; abst. J. S. C. I. 1911, 30, 802. C. Mouren, Bull. Soc. Chiitf. 1896, (3), 
15. 5, 625. C. Mourcu and A. Lepape,'-Compt. rend. 1014, 158) 8t^9; abst. 
J. S. C. 1. 1914, 33, 1118. E. Muller, Zts. anorg. Chem. 1912, 76, 324; 
abst. J. S. C. I. 1912, 31, 68,5. C. Munroe, J. Wash. Acad. Sci. 1911, ^ 
70; abst. J. S. C. I.*.I9il, 30, 1113. &-e alsoU. S. Census of Manufactures, 
1905, No. 92, 23; No. 83, 82; abst. J. S. C. I. 1909, 28, 598. W. Muthmann 
■ and K. Hofcr, Ber. 1903, 36, 438; J. C. S. 1903, 84, ii, 206; abst, J. S, C. I. 
19a3,22,3a3. ^ 

R. Nasini and F. Anderlini, Atti. R. Acad, dei Lincei Roma, 1904, (5V, 
13, I, 635; II, 59; Gaz. chim. 1895, 25, II, 608; Ber. 1896, 2J, R, 271. A. 
Naumann, Ann. Suppl. 1867, 5, 252. V. Nazan, Atti. R. Accad. dei Lincei 
Rjma, 1908, 05), 17, II, 334; abst. J. S. C. I. 1908, 27, 1215, W. Nernst, 
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Ved fumes, and that nitric acid onl^ distils unchanged when the- 
concentration does not exceed 05%, it will be pefceiv^ that the 

anorgan. Chcm. lots, 45, 126. G. Neumann. J.nrakt, Chem. 1888, (2), 
57, 342. W. Newton, J. S. C. I. 1903. 22, 469; Nitrogen Products and Car- 
bideCo.. Ltd., J. S. C. I. 1918, 37, 210-R. O. Nolle, Zts. anal. Chem. 1916, 
SS, 18.5; abst. J. S. C. I. 1916, 35, 656. See also J, S. C. I. 1915. 34, 1032. 
Norsk. Hydro-Elektrisk Kwielstofaktieselskab, E. P. 116495, 1919. Norw. 
Appl. May 8. 1917; abst. J. S. C. I. 1918, 37, (Nl-A; 1919, 38, 608-A. A. 
Noyes, J. WashT Acad. Sci. 1918, 8, 381*; abst. C. A. 1918, 12, 1587. W. 
Nuranen and M. LeHlanc, Zts. Elcktroehem. 1907, 13, 297; J. S. C. 1. 1907, 


26, 876. . .. 

A Obermayer, Wien. Akad. Ber. 1882, 85, (2 Abt.), 748. G. Oddo, 
Gaz. chim. ital. 191.5, 45, I, 413; abst. J. S. C. 1. 191.5, 34, 797. G. Oester- 
held, Zts. anorg. Chem. 1904, 86 , 105. 0. Olincsorge. Zts. ang. Chem. 1913, 
26, .593. K. Olszewski, Compt. rend. 1884, 98, 913. IC. Orlow, I. .Russ. 
Phys. Chem. Soc. 1908, 40, 6,59; abst. Chem. Zentr. 1908, 7J, II, 1499; J. St 
C 1 1908, 27, 1150. K. Orton and W. Gray, Analyst, 1912, 37, 303; abst. 

J. ,S. C. r. 1912, 31, 718. . 

W. Pakes and W. Jollyman, J. C. S. 1901, 79, 32^ T. Panzer, Zts, 
Physiol. Chem. 191.5, 93, 378; abst. J. S. C. I. 1915, 34, 514. Parkes and 
Pearson, E. P. Appl. 16827, 1918; abst. J. S, C. 1. 1918, 37, 67,5-A. F. Par- 
mentier and A. Hurion, Compt. rend. 1900, 130, 1190. P. Parri.sh, J. Gas 
Lighting, 1916, 134, 134; abst. J. .S. C. 1. 1916,. 35, ,535; Gas J. 1918, 143, 

395; .* .. ‘ .. ** ” 

Am. 

J. S^C. i”p.n8r 37i^ .3,37-R; abst. C. A. 1918, 12, 2665. »H. Patten. Trans. 
Amer. Electrochem. 1907, 12, 325: abst. J. S. C, I. 1908, 27, 575. Pease, 
E. P. Appl. 10.53, 1918; abst. J. S. C. I. 1918, 37, 78-A. J. Pelouze, Ann. 
Chim. Phys. 1841, (3). 2, 49; Compt. r?nd. 184.5, 20, 1047; Ann. 56, 204. 
Penny, Phil. Trans. 129, 13. E. Perman, J. C. S. 1905, 76, A, 167; Chem. 
News, 1905, ^ 283. W. Perman, Proc, Roy. Soc. 1903, 19, 204; 1905, A, '- 
76, 167; ab.st. J. S. C. I. 1!K)3, 22, 1242; 190.0, 24, 672. A. Perrott, Ann. 
Chim. Phys. 1861, 61, III, 161. Petterson and Sonden, Svensk Kemisk 
Tidskrift, 1889, 17. Pfudel, JourtiEfl fur Gasbeleuchtung, 1911, 54, 1272; 
abst. J. S. C. I. 1912, 31, 64. W. Phillips and J. Btdtecl, E. P. 23976, 1909; 
abst. J. S. C. I. 1911, 30, 163, 360; Iffon. Sci. 1914, 81, 83; Chem. Ztg. Rep. 


191],^, 127. Pickard and Shaw, R. P. Appl. 16684,1918; abst. J.S. C. L 1918, 
37, 675-A. A. Pictet and G. Karl, Bull. Soc. Chim. 1908, 3, 1114; abst. J. S. 
C. I. 1909, 28, 202. O. Piloty and B. Schwerin, Ber. 1901, 34, 1879, 2364. 
A. Pinkus, Helvetica Chim. Acta, 1918, 1, 141; abst. J. S. C. I. 1918, 37, 
604-A. J. Pluccker and J. Hittorf, Proc. Roy. Soc. 1864, 13, ISl. H. Por¬ 
ter, Met. Chem. Eng. 1916, 15, 470; abst. C. A. 1916, 10, 3150. J. Priestly, 
Phil. Trans. 1788, 78, 147; Abeggs Hand. Anorg. Chem. 3, iii, 125; Gmelin 
Kraut, 1907, 1, i, 254, 7th Ed. J. Pring, J. S. C. 1. 1909, 28, 44. Purgotti 
and Anelli, Gaz. Chim. Ital. 1898, 28, I, 349. 

A. Quartaroli, Staz. Sper. Agrar. Ital. 1903, 36, 47; abst. J. S. C. I. 
1903, 573. Quhian, E. P- Appl. 6397, 1918; abst. J. S. C. 1. 1918, 37, 

i95-A. 

- • F. Ragsby, Jahr. d. k. geolog Reichsanstalt, 4, 631., Ramon, Ann. Chim. 
Phys. 1863, (3), 68, 183. W. Ramsay, J. C. S. 1881, 30, 66 . W, Ramsay 
and W. Travers, IToc. Roy. Soc. 1898, 62, £25; Chem. Nevre, 1898, 77, 1; 
Z. Phyaik. Chem. 1898, 25, 100. W. Ramsay and S. Young, J. C. S. 1884, 
,.tt, 88. F. Raachig, Zts. ang. Chem. 1904, 17, 1777; Chem. Ztg. 1911, 35, 
1096; abst. L S. C. I. 1911, 30, 1208. Rayleigh, Chem. News, 1893, 67, 
183, 198, 211; 1894, 60, 231; 1807, 7% 315; Proc, Chem. Soc. 1897, 17; 
proc. Roy. Soc. 1900, 64, 00; 1904, 73, 153. Rayleigh and W. Ramsay, 
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maxhnum technical utilization of nitric acid has resulted only' 

Chcm. NewSj 1899, 79, 13; Proc. Roy. Soc. 1894, 55, 340. W. Reid, J. S. C, 

I. 1901, 20, 8. W. Reinders and A. Cats, Chem. Wcekblad, 1912, 9, 47; 
Chcm. Zentr.*l*12, 83/1, 708; J. .S. C. I. 1912, 31, 280. H. Reitlinger anct 
M. Kuhn, Ann. Pogg. 1870, 141, 131. K. Reu.sch, Chem. Ztg. 191.5,39, 
281, 342, 386, 398; abst. C. A. 191.5, 9, 2130. F. Richardson, J. S. C. I. 1917, 

36, 13. K. Richarz, Afip. (Wied.), 1887, (2), 31,912. Roebcr, Mineral In¬ 
dustry, 19, .58. H. Roscoc and J. I-unt. J. C. S. 1889, 55, ,5,52; Her. 
1889, 22, 2717.' M. Rosenfeld, Her. 1883, 16, 27.50. W. Ru'.s, J. Ind. Kng. 
Chem. 1913, 5, 72.5; abst. J. S. C. I. 1913, 32, 942. E. Rossi, Gaz. chim. 
ital. 190.5, 35, 80; abst. J. S. C. I. 190.5, 24, 072; Chem. Centr. 11X1.5, 76, I, 

1.52.5. R. Ruehlmann, Ann. Ileibl. 1.879, 3, .57. O. RulT, Zta. Electrochem. 
1918. 24, 1.57; abst. J. S. C. I. 1918, 37, A, ,517; C, A. 1918, 12, 22.87, F, 
Russ, Zts, ang. Chem. 1912, 25, .586; abst. J. >S. C. I. 1912, 31, 383. .See also 
J. S. C. I. 1908, 27, 1070. F. Ru.ss and E. Pofcornv, Monatsh. Chem. 1913, 
34, 10.51', abst. J. S. C. 1. 1913, 32, 82.5. 

P. .Sabatier find J. Senderens, Compt. rend. 1902. 135, 278; abst. J. S. C. 

I. 1902, 21 11.57, S. .Saehs, Ann. Phys 1915, (4), 47, ,886; abst, J. ,S. C. I. 

191.5, 34, 12.57; J. C. .S. 191.5, 108, ii, 735. G. Salet, Bull. Soc. Chim. 1878, 
25, 146, E. .Salm/md S. Prager, Clicm. Ztg. 1918, 42, 104; abst. J. S. C. I. 
1918, 37, 28.5-A. Salvador!, Gaz. chim. 19(X), 30, 389. A. Saposhnikof, 
Chem. Centr. 1900, 71, II, 708; 1901, 72, II, 1330, A. .Saposchnikof, A. Gou- 
dima and E. Koulovski. J. Russ. Phys. Chem. .Soc. 1913, 45, 1076; J. S. C. 

I. 1913, 32, 97.5; J. A, C. S.,I913, 35, 3923; Chem. Zentr. 1913, 84, II, 1.^)0. 
Saus.sure, Graham-Qtto, anorg. Chem. .5 Aufl. 2, 9. B, Saxton. J. Ind. Eng. 
Chem. 1918, 10, 897; abst. J. S. C. I, 1918, 3/, 76.5. G, .Scagliarini, Gaz. 
chim. ital. 1914, 44, I, .543; abst. J, ,S. C. I. 1914, 33, 690. See also J. S. C. 

I. 191.3, 32, 13.8. f. Scales, J. Biol. Chem. 1916, 27, .327; abst. J. S. C. I. 

1916, 35, 1273. 0. Scarpa, I'lettroteenica, 1916, 3, 618; 1917, 4, 102. O. 
Schenk, Z. anal. Chem. 187.3, 12, ..886. Scheuer, Zts. lilektroehem. 1905, 
U, .56.5; Elcktrotech. Zts. 1916, 37, 64. '1'. Sehloesing, Contribution a I'ctncle 
de la chemie agricole. Encyclopedic Fremy, 1884, 10, 161; Compt. rend. 
TS96, 123, 233, ,302; 1898, 126, 476. T. Sehloesing and A. .Vluentz, Coifipt. 
rend. 1878, 86 , 982. O. Ikhmidt and R. Bocker, Zts. ang. Chem. 1907, 2,83; 
Ber. 1906, 35, 1.366. .Schmoeger and Igjcks, Mitteil. lleut. I.andwirts. Ges. 

1917, 8, 842; abst. J. .S. C. I. 1917, 36, 10.58. C. Schoenbein, J. prakt. Chem. 
1861, 84, 193; 1862, 86, 129, A. ,Schr#.nf, Pogg. Ann. 1868, 133, 479. F. 
Schreiber, Chem. Ztg. 1911, 35, 943; abst. J. S, C. I. 1911,30,1113 A. 
Schuster, Proc. Roy. Soc. 1872, 20, 484. M. Schuyten, Ilandlingen van het 
achtste Vlaamsch Natuur-en Genceskundift Congres gehonden to. Antwerpen 
on Sept. 25, 1904; Chem. Centr. 1905. 76, 1, 411; J. S. C. 1. 190.5, 24, 196. 

A. ^ott, Prott. Chem. Soc, 1900, 16, 204; J C. S. 1901, 79, 147; Proc. Chem. 
Soc', 1906, 21, ,309. E. Scott, J. S, C. I. 191.5, 34, 113, 126; 1917, 36, 771,810. 
G. Seguy, Compt. rend, 1895, 121, 198, P. Sidl, Pharm. J. 1912, 88, 384; 
abst. J. S. C. I. 1912, 31, ,361. R. Seligman and P. Williams, J. S. C. 1. 
1916, M, 665. H. Sen and B. Dcy, Zts. anorg. Chem. 1912, 74, .52; tjbst. J. S, 

C. I. 1912, 31, 205. J. Sergen and J. Nowak, Pfluegers Arch, Physiol, 1879, 
19, 951. H. Siegmund and P. Inhasz, Sitzungsber. akad. in Wien. 1866, 

I, 54, II, 216. O. Silvestri, Gaz, chim. ital. 187.5, 5, 301; Ber. 187.5, 8, 1,356; 
Pogg. Ann. 1875, 157, 165. .Skerrett, Iron Age, 1916, 97, 3.59. R. Slades 
and G. Higson, Report ol Brit. Assoc. 1913, 451; abst. J. S, C. I. 1914, 33, 
642. J. Smith, J. prakt. Chem, 18.52, 55, 110; Amer. J. Sci. fSill.), 1851, (21, 
12, .366. Soc. Generale des Niftures, F, P 427834, 1911; abst. j. S. C. I. 
1911, 30, 1116. Soc. I’Air Liquide, E. P. Appl. 1713,1918; abst. J. S. C. 1.1918, 

37, 78-A. E. .Soubeiran, J. pharm. chim. 1826, 13, 322; Berz. Jahr. 1829, • 
8 , 80, L. Spiegel, "Der StickstolT und seine wichitigen Verbb,’®Fr. Vieweg 
u. Sohn, Braunschweig, 1903. Entw. der Chemie, Muenchen, 1871, 117. 
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with the installation of •modern ^paratus on. a large scale’. 
Nitric acid of high concentration is now prodtiotd in im- 

LsSpiegel, Zts. anorg. Chem. 1902, 29, 1902. W. Spottiswoode, Proc. Roy. 
Soc. 1880, 30, 17.3. L. Springer. Sprechsaal, 1914, 47, .301, abst. J. S. C. I. 
1914,^, 693; Kcram. Rundschau. 1917, 25, 67; J. Soc. Glass Tech. 1918, 
II, 53; C. A. 1917, 11, 3105; 1918, 12, 2672. A. Stabler and J. Elbert, Her. 
1913, 48, 2060; abst. J. S. C?I. 1913, 32, 789. J. Stansbic, J. S. C. I. 1913, 
•32, 311. Stas, Bjdl. Acad. Belg. 1860, (2), 10, 8 ;*llnter.suchungen ucbcr die 
Gcsetze der chem. Proportionen, Leipzig, 1867. A. Stavenhagen, Bcr. 1905, 
38, 2171. J. Stefan. Wien. Akad. Ber. 1878, 77, 371. Steinhart and Vogel, 
fi. P. 28799, 1902; abst. J. S. C. I. 1903, 22, .56. C. .Steinmetz, et al.. Proi-. 
Am. Inst. Elec. Eng. (advance copy); abst. C. A. 1918, 12, 2494. J. .Stephen¬ 
son, J. S. C. I. 1918, 38, 128-T; abst. C. A. 1918, 12, 1598. T. Sterry-Hunt, 
Compt. rend. 1862, 55, 460. Stillwell, Proc. Amer. Am. Inst. Elec. Eng. 
1916, 35, ,561. A. Stock, Ber. 190-1, 37, 1432. J. Stoklasa, A. ErrteSt, K. 
Starnak and E. Vitek, Zentr. Bakt. u. Parasitnek, 1908, 17, Abt. 21, 481. 
6,30; Chem. Zentr. 1908, 79, II, 1695; J. S. C. I. 1908, 27, 1167. J. Street, 
J. Ind. Eng. Chem. 1912, 4, 437; J. S. C. I. 1972, 31, 69.5. Strommengcr, 
Stahl und Eisen, 1913, 33, (2). R. .Strut, Proc. Roy. Soc.»191I, 85, A, 533; 

191.3, 88, A, 539; 1915, 91, A, ■301; 1916, 92, A, 438; abst. J. S. C. I. 1911, 
30, 1264; 1913, 32, 7.50; 1914, 33, .548; 1915, 34, 422; 1916, 35, 837. A. 
.Stutzcr, Chem. Ztg. 1914, 38, 597; abst. J. S. C. I. 1914, 33, 606; Zts. ang' 
Chem. 1916, 29, 417; abst. J. S. C. I. 1917, 36,. 95. H. Sulzcr, Zts. ang. 
Chem. 1912, 25, 1268; J. S. C. 1. 1912, 31, 682. A .Sundell, Phil. Mag. 1887, 
(.5), 24, 98. N. Swindin, Chem. Trade J. 1916, 59, ,323; abst. J. S. C. I. 1916. 

35, 109,5. E. Szarvazy, Proc. Chem. Soc. 19(X), 18, 3. W. Szigcti, Chem. 

Ztg. 1915, 39, 122; abst. J. S. C. I. 1915, 34, 278. * 

E. Tauber, Chem. Ind. 1903, 26, 26; abst. J. S. C. I. 1903, 22, 14.5. 
M. Taiisen, Zts. E^lektrochcm. 1912, 18, JU4; abst. J. S. C. I. 1912, 31, 498, 
Taylor. E. P. Appl. 3703, 1918; abst. J. .S. C. I. 1918, 37, 139-A. G. Taylor, 
J. Capps and A. Coolidge, J. Ind. Eng. Chem. 1918, 10, 270; abst. J. S. C. I. 
1918, 37, A, 298. G. Taylor and J. llavis, J. Ind. Eng. Chem. 1917, 9," 
1106; abst. J. S. C, I. 1918, 37, A, .54. See also Fox, J. .S. C. I. 1917, 36, 
1(K).5. J. Taylor, E. P. 4201, 1887; al*t. J. S. C. I. 1888, 7, 210. H. Tendt, 
Zts. physik. Chem. 1898, 26, 113. F. Thalen, Nova Acta Soc. Scientiarum 
Upsaliensis, 1875; Bull. Soc. Chim. 15^6, (2), 25, 183. S. and A. Thenard, 
Compt. rend. 1873, 76, 983. M. Thompson and R. Lombard, Proc. Am. 
Acad. 1910, 46, 247; Met. Chem. Eng. 1910, 8, 617, 682. J. Thom.son and 
R. Threlfall, Proc. Roy. Soc. 1886, 40, 329. Thomsen, "Thermocheraical 
Investigation,s,” 1906, 162. R. Threlfall, Phil. Mag. 1893, 1; Ber. 1893, 
26, 173. E. Tiedc, Ber. 1913, 46, 340; abst. J. S. C. 1. 1913, 82, 2.32. S. 
Tilden, Proc. Roy. Soc. 1897, 60, 453. A. Tingle, J. S. C. 1. 1915, 34, 393. 
R. Tischborne, Chem. News, 1889, 59, 171; Pharm. J. Trans. 19, (3), 905. 
Toniolo, E. P. Appl. 19139, 1917; abst. J. S. C. I. 1918, 37, 2.3-A. O. Tower, 
Zts. anorg. Chem. 1906, 50, .382; abst. J. S. C. I. 1906, 25, 1043.. M. Traubc, 
Ber. 1889, O, 1528. A. Trillat, Compt. rend. 1903, 136, 53; abst. J. S. C. I. 

190.3, 22, 169. P. Truninger, Chem. Ztg. 1916, 40, 365; abst. J. S. C. I. 
1916, 35, 647; see also J. S. C. I. 1911, 36, 23. J. Tucker, J. S. C. 1. 191.5, 
34,.58.5. S. Tucker and H. Read, Met. Chem. Eng. 1912, 10, 745; abst. 
J. S. C. I. 1912, 31, 1124; 1913, 32, 1143. S. Tucker and Y. Wang. Trans. 
Amer. Electrochem. Soc. 1912, 22, 67; abst. I. S. C. I. 1913, 32, 532. C. 
Tufts, J. Ind. Eng. Chem. 1911, 3, J. 3rarrentinc, J. Ind. Eng. Chem. 
1916, 8, 584, 923. C. Tutwiller, J. Frank. Inst. 1914, 178, 383. 

J* C. Ulpiano, Gaz. chim. ital. 1908, 38, II, 358;'abst. J. S. C. I. 1908, 27, 
1167. F. Uslter and B. Ran, J. C. S. 1917, 111, 799; abst. J. S. C. I. 1917, 

36, 1046. M. Van Breukleven, Rec. Trav. Chim. Pays-Bas, 1896, 1& 280. 

C. Van Brunt, J. A. C. S. 1914. 36, 1448; iibst. ]. S. C.,I. 1914, 33, 7|8. 
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license quantities by the *tljree series of distinct processes: 

(1) pouble decomposition of a nitrate (Chili saltpeter) with 

J. Van der, PWats, Afln- Chim. Phys. 1886, (6), 7, 499. J. Vanderpol. Mft. 
Chem. Eng. 1911, 9, 196. G. Vandcrvelde, Z. physiol. Chem. S, 367. C. 
Van Deventer, Chem. Weekblad, 1907, 4, 69; abst. Chera.^entr. 1907, 78, 
I, 1017; abst. J. S. C. I. 1907, 2S, 472. L. Vanino, ZPs. ang. Chem. 1902, 15, 
1299; abst. J. S. C. I. '1903, 22, 49. J. van Zyi, Zts. ang. Chem. 1918, 31, 
203;abst. J. ft C. I. 1918, 37, A, 710. W. Vaubel, Chem. Zfg. 1913, 37, 037; 
abst. J. S. C. I. 1913, 32, 655. Veith, Mitteilg. a. d. chem. Inst. d. k. Ung. 
Univers. Budapest. A. Veith, Bcr. 18^, 22, 169. V. Veley, Proc. Chem. 
Soe. 19, 142; abst. J. S. C. 1. 1903, 22, 741. M. Vezes, Compt. rend. 1898, 
128, 1714. P. Vieille, Compt. rend. 1883, 96, 1218, 13,58. P. Villard, Compt. 
rend. 1888,106, 1602. J. Vogel, Leipziger Oekonom. Soc. Nov. 27, 1915; abst. 
Chem. Ztg. 1916, 40, 12; J. S. C. I. 1916, 35, 431. C. Volney, J. S. C. I. 
19a3.-a2, 780; Trans. Am. Electrochem. Soc. 1!K)3, 3, 285; abst. J. S. C. I. 
1903, 22, 780, 9f.4. E. Voorhees, J. Ind. Eng. Chem. 1910, 2, 153. 

F. Wagner, Engineering (London), 1914, 98, 267-272, 294-296, .351-3,53, 
465-468; Sei. Am. Suppl. .1915, 80, ,316; Met. Chem. Eng. 1914, 12, 696; 
Zts. Verein. Dcutach. Ing. 1914, 58, 6 <). J. Wanklyn and W. Cooper, Phil. 
Mag. 1878. (5), 6, 288. E. Warburg, Zts. Elektrochem. 1906, 12, 540. E. 
Warburg and G. Leithauser, Ann. Phys. 1906, 20, 743; 1907, 23, 209; Sit- 
zungsber. Kgl. Pr. Akad. Wiss. Berlin, 1908, 148; Chem. Zentr. 1908, 79, 

I, 922; abst. J. S. C. I. 1908, 27, 402. H. Warren, Chem. News, 1891, 63, 
290. F. Washburn, E. P.' 12,5601, 1916; abst. J. S. C. I. 1919, 38, 415-A. 
In this connection see U. S. P. 1217247; E. P. 19074, 1900; 8.300, 1902; 18.594, 
1904; 19189, 1905; 1204, 1906 ; 6155, 1908; abst. J. S. C. I. 1901, 20, 1209; 
1903, 22, 420; 190«i, 23, 787; 1906, 25, .536, 1044; UH)8, 27, 810. H. Weeks, 

J. S. C. I. 191.5. 34, 2,58. See also J. .S. C, I. 191.5, 34, 126. E. Welles and 
C. Mitchell, Elec. World, 1919, 13, 677; abst. C. A. 1919, 13, 1044. E. 
Welles and W. Shoudy, Elec. World, 1919, 73, 729; abst. C. A. 1919, 13, 
1045. A. Werner, Neure Ansixhten, etc., 190.5, 97. E. Werner, J. C. S. 

*^916, 105, 1325; abst. J. .S. C. 1. 1917, 36, 112. J. Wesencr, J. A. C. S. 1902, 
24, 388; abst. J. S. C. I. 1(X)2, 21, 139. G. Wiegner, J. Landw. 191.3, 61, 
11; Kolloid-Zts. 1914, 14, .5.5; abst. J.S. C. I. 1914, 33, 1164. A. Wicsler, 
Zts. ang. Chem. 1904, 17, 171,3. R. Williams, J. and A. Churchill, “The 
Chemistry of Cyanogen Compounds jnd their Manufacture and Estima¬ 
tion,” 1915; abst. J. S. C. I. 1915, 34,?06. C. Winkler, Ber. 1900, 33, 1693. 
L. Winkler, Ber. 1891, 24, 3602. F. Wintcler, Chem. Ztg. 190.5, 28, 1278. 
O. Witt, Chem. Ztg. 1905, 25, 1261; Chem. Ind. 1905, 28, 699. A. Wohl 
and O. Poppenberg, Ber. 1903, 36, 676;* abst J. S, C. I. 1903, 22, 442. J. 
Wolf, Zts. adorg. Chem. 1914, 87, 120; abst. J. S. C. 1. 1914, 33, 642. Wol- 
Mrek, E. P. 1533.3, 1914; abst. J. S. C. I. 1914, 33, XIV. H. Woltereck, 
Compt. rend. 1907, 146, 929; abst. J. S. C. I. 1908, 27, 561. J. Wolter.s, 
E. P. 2.571, 1878. J. Wood, U. S. P. 1118993, 1914; abst J. S. C. I. 1915, 
34, 138; Mon. Sci. 1915, 8^ .30. L. Wright, J. C. S. 1881, 38, 3.57. S. 
Wroblewski, Compt. rend. 1883, 87, 1553; 1884, 88, 982; 188? 100, 979; 
1885, 101, 635; 1886, 102, 1010; Ber. 1886, 18, 38; Wien. Akad. Ber. 1885, 
(^Abt.), 80,667. S. V. Wroblewski and K. Olzewski, Ann. (Wied.), 1^3, (2), 
20, 243. A. WueUner, Ann. Pogg. 1872, 147, 321; 1873, 148, 103; 1874, 
154, 149; Ann. (Wiad.), 1879, (2), 8, 590. E. Wucst, B. P. 1047.34, 1*7; 
abst J. S. C. I. 1917, 36, 35, 548. M. Wundcr and O. I.aiscar, Ann, Chim. 
Analyt. 1914, 18, 329; abst. S. C. I. 1915, 34, 102. H. Wurtz, Am. I. 
Sci. 1870, (2), 48, 336. 

C. Young, Am. J. Sci. 1872, (3), 4, 356. .i 

A. Zasukhin, The Farm (Russia), 1916, U 297; Bull.aAgric. Intel]. 
1916, 8, 1114; abst. J. S. C. I. 1917, 36, 95. C. Zcnghelis, Compt rend. 
1916, 162, 914; abst. J. S. C. I. 1916, 35, 835. J. Zenneck, Physik. Zts. 
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sulfuric acid, and distillation of the nitric acid formedj. 

(2) Manufacture from the atmhsphere by oxidation. 

(3) The catalytic oxidation of ammonia to nitric Scid. 

• Each of these processes, with their modifiAtionsT is described 
herewith in, detail. 

Nitrogen. Rutherford in 1772' showed* that when animals 
' breathe in a ckised volume of air, it contains a constituent which 
is incapable of supporting combustion or respiration. The same 

1»10, U, 1228; abst. Met. Chem. Eng. 1911, 9, 73. T. Zoellcr and E. Crete, 
Ber. 1877, U, 214.5. See also Nitric acid, Chem. News, 1861, 4, 1S7: 1862, 
5; 69; 1870, 21, UK); 1871, 24, 134, 146, 1.58, 311; 1874, 30, 83; 1876, 33, 2.5.5; 
1878, 38, 19; 1883, 47, 282; 188.5, 52, 297; 1891, 64, 85; 1892, 65, .37; 1908, 
98,96. ' 

Chloroform as an antidote for Nitrous Fumes, J. S. C. 1. 1904, 23, 26.5, 
772; Met. Chem. Eng. 1912, 10, 126. Newspaper clippings. Times, Raleigh, 
N. C., June 14, 1912, Wall .Street Journal, July 2,5; 1912. Forty-ninth annual 
report on Alkali, Proceedings during the year 1912; abst. J'. S. C. I. 1913, 32, 
708. Met. Chem. Eng. 1913, U, 42; Eng. Mining J. 191.3, 95, 002. Times 
Engineering Supplement, Oct. 15, 1913; abst. J. .S. C. I. 1913, 32, 1008. 
Chem. Zts. 1914, 13, 117; abst. J. Ind. Eng. Chem. 1914, 6, 778. Chem. 
Ztg. 1914, 38, .593; abst. J. Ind. Eng. Chem. 1914, 6, 597. J. S. C. I. 1914, 
33, 134. Met. Chem. Eng. 1914, 12, 265. Zts. Vereines deutschen Ingenieure, 
1014, M, 66 , 980. Elektrochem. Zts. 191.5, 21, 211. Met. Chem. Eng. 
191.5, 13, 4.56, 6;i8. Electrical World, 1916, 68, 67, 69. Frankfurter Han- 
delsblatt. May 29, 1916; abst. Engineering, 1916, 101, 5/6. Nature, 1916, 
97, 19. .Sci. Amer. 1916, 11% 216. Nitrate Supply Committee recommenda¬ 
tions on synthetic nitric acid for the government, with reports on various 
methods, J. Ind. Eng. Chem. 1917, 9, 829; abst. C. A. 1917, 11, ,3384. 5.3rd 
Report on Alkali Works, 1916, 21; abst. J. S. C. I. 1917, 36, 997. See also, 
J. S. C. I. 1915, 34, 1001. 

Bd. of Trade J. July .3, 1902; abst. J. S. C. I. 1902, 21, 1002; Chem. 
Ind. 1903, 26, .576; abst. J. S. C. I. W03, 21, 131.5. Chem. Trade J. Dec. 
28. 1901; abst. J. S. C. I. 1902, 21, 80. Chem. Trade J. 1916, 58, 28; abst. 
J. S. C. I. 1916, 35, 9.53. Chem. Trade J. 1918, 63, 25; abst; C. A. 1918, 12, 
2035. Dipl, and Cons. Reps. Dec. 1902; abst. J. S. C. I. 1903, 22, -52. 
Electrician, 1902, 684; abst. J. S. C. I. 1902, 21, 1138, 1143. Elec. World, 
1918, 72, 894; abst. C. A. 1919, 13, 8 . Elcctrochcm. Met. Ind. 6, 
515; abst. C. A. 1909, 3, 1671. Engineering, Nov. 3, 1916; abst. J, .S. C. I. 
1916, 35, 1154. Engineering, 1918, 106, 154; abst. C. A. 1918, 12, 2309. 
Eng. Mining J. July 26, 1902; abst. J. S. C. I. 1902, 21, 1112. Eng. and 
Mining J. Jan. 1, 1909; abst. J. S. C. I. 1909, 28, 139. Foreign Office Ann. 
Series No. 2886; abst. J. S. C. I. 1902, 21, 1205. Jahr. der Elektrochemie, 
1901, 8, abst. J. S. C. I. 1902, 21, 1477. J. Gas Lighting, 1916, 134, 74; 
abst. J. S. C. 1.1916, 35. 466. J. S. C. I. 1902, 21, 167; 1918, 37, R, 77. 210. 
Met. and Chem. 1918, U, 534. Oil, Paint and Drug Rep. June 24, July 25, 
1912; June 22. 1914; abst. J. S. C. I. 1912, 31, 686 , 772; 1914, 33, 749. 
F%rm. J. Nov. 29, 1902; Sept. 11,1015; Oct. 2. 1915; abst. J. S. C. I. 1902, 
» 21, 1479; 1915, 34, 958, 1050, Times Eng. Suppl. Oct.'16, 1913; abst. J. S. 
C. I. 1913, 32, 1008. U. S. Cons. Reps. April 16; abst. J.'S. C. I. 1903, 
a, 582. U. S. Cons, Reps. No. 1789; Oct. 31, 1903; abst. J. S. C. I. 1903, 
21 1266. U. S. Comm. Rept. No. 303, Dec. 28, 1915; abst. J. S. C. 1,1916, 
»15, 304. J. S. C. I. 1919, 38, 87-H. 

1. Rutherford, De aa-e Mephitico, Edinburgh, 1772. In this connec¬ 
tion see H. Cavendish. Phil. Trans. 1786, 75,372. 
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year J. Priestley found thg,t when carbon is burned in a confined 
space, one-fifth of the “corfinion” air is converted into “fixed” 
air, a resfdual (phlogisticated) air being left. The gas left after 
the remo'Jal'of oxygen from purified air, was supposed until 1804 
to be pure nitrogen when Ramsay and Rabigji' showed the ])res- 
ence of 1.180% of mixed gases composefl of the elements of the 
helium gronp. * ,, 

All nitrogen in the plant and animal kingdom originally came 
from the nitrogen of the air, the vegetarian animals excreting 
this element chiefly as hippuric acid, while the carnivorae elim¬ 
inate it primarily as urea and afliliated bodies. These in turn— 
aided <by fermentative and bacterial processes—transform the N 
back to the elemental form, where the metabolism is repeated. 
It has been computed'^ that yearly four hundred million tons of 
atmospheric nitrogen arc thus absorbed and in turn set free. 
Under the influence of electricity nitrogen becomes more reac¬ 
tive, and unites with atmospheric oxygen to form NO, which in 
turn oxidizes to NOj, and this when dis.solved by falling rain 
forms nitrous !\nd nitric acids, which in turn combine with bases 
in the soil, combining the nitrogen in an available fertilizing form. 
Certain of the Ucgumino.sae, by means of bacterial colonies which 
form a nidus in rootlet tubercles, absorb large amounts of nitro- 
"gen during their growth, a fact that has been realized for some 
time, and has been taken advarjjiage of in the rotation of crops. 
Plants absorb their nitrogen in the form of ammonia, nitrites and 
nitrates, the former being chan^d into the two latter by nitrifi¬ 
cation, i. e., the bacterial oxidation of ammonia into nitrites 
and nitrates, in two separate stafjes by entirely difTerent classes 
of microorganisms. Reversible to nitrification is denitrifica¬ 
tion, in which directly or indirectly the nitrate is degraded to 
elemental nitrogen again. This cycle prtK'eeds in nature in¬ 
definitely. 

Nitrates were, until quite recently, obtained almost exclusively 
from the supply flf sodium nitrate in Chili and other localityes, 
but the demands'of the recent war have caused the perfection 
of synthetic electrolytic lirocesses, whereby it appears that the 
Chili .sodium nitrate industry is faced with serious competition. 

1. Phil. Trans. ISO.'i, US, 187; J. C. S. 18W, 71, 181. • 

3. S. Arrhenius, "Das Werden <ler Weltcn,” 1908, 180-131. 
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if, indeed, it is in all probability ppf doomed .to extinction.*' 
The nitrogen problem is unique in respect to the^act that 
thf material is ever present in unlimited quantities, Uie projiosi- 
1, For additional data on the development of nitrogen, consult U. ,S. 
I>. 2(J708t), 22.'573(), 220(>.'{2, 227027, 2(i0,'«)!), 29nt>;i, rxi!).")!)!, o944:i.o, o'WOlK. 
0().)U94, 7.')4474, 802980 (abst. J. S. C. I. ]90o, 24, 42.‘)4), 928840, 928t7ti. 
982288, 98400,'j, 998017, 999008, lOlOolHi (abst. J, .S. C. I. 1912, 33, 187), 
“1080788, 10.'i0902» 10.'30244, 1078428, 1084774, 1090892, 1(HI0898, 1098189, 
1914; ab,st. J. S. C. I. 1914, 33, 788. 1128894, 1 bU.Wi (abst. J. .S. C. I. 

191,5, 34, .').'j2), 1188190,191.5; abst. J. S. C. 1. 191,5,34,001. 11,50.887, 11,5414,5, 
11,54171, 11.54172 (abst. J. S. C. 1. 1915, 34, 1144), 1100294, 1289.510, K. 1*. 
2.514, 18.55; 2007, 18.59; 1027, 1410, 1017, bSOO; 982, 1801; 1888, 1.S0.5; 2801, 
1807; 2.5.5, 2187, 87.52, 1809 ; 87, 1.872; 4018, 1878 ; 4859, 1877; 4.544, 1,878; 
1446, 1592, 2.5.59, 1879; 1(K)4, 1410, .5478, 1880; 1897, 8728, 5017, 1881; 
2208, 8089, 1888; 17100, 1884; 157, 7057, 1885; 8409, 1510.5, 1.8,80; 10987, 
18,87; 1844, 8880, 8907, 15178, 18.88, K. 1>. 7851, 1,890; Cheiti. Centr. 1891, 
62, II, 807. K. P. 10881, 1492.5, 11KI49, 1890; Cheni. Centr. 1892, 63, I, 
.8.58. H. P. 9457, 1.5975, 1891; Cheni. Centr, t892. 63, 11, 708. K. P. 
4411, 11.504, 1,5518, 19078. 1892; Chem. Centr. 1898. 64,* II, 9.58. li. P. 

10.142, 1895; Chem. Ztg. 1890, 20, 877. IC. P, 21299, 1898; 17C92, 1899, 

K. P. 9142, 1900; J. S. C. I. 1902, 21, 84.5, K. P, 19074, 19(K); J. S, C. 1. 

1901, 20, 1209; Mon. .Sci. 1902, SO, 1.54; Chem. Ztg. 1902, 26, 200. K. P. 

192.54, 1900; J. S. C. I. 1901, 20, 1194. I!. P. 1889, 11009, 1902; J, S. C. 1. 

1908, 22, 795. F. P. 12194, 1902; J. .S. C. I. 1902, 21, 1120, K. P, 1001.5, 
1902; J. S. C. 1. 1908, 22, 995. li. P. 17009, 1902; J. S. C. I. 1908, 22, 907. 

E. P. 2(H).58, 1902; J. S. C. I. 1908, 22, 1130. F. P. 2.5242,1902; J. S. C. I. 

1908, 22, 1085. F. P. 14.50, .5049, 1908; J. 8. C. I. 1<H14, 23, 142. F. P. 

11120, 1908, J. S. C. I. 1908, 22, 1045. F. P. 11221, 1908; J. S. C. I. 1908, 

22, 907. F. P. 14218, 1908; J. 8 . C. I. 1*04, 23, 787. F. P. 14808, 1908, 

J. 8 . C. 1. 1908, 22, 1847. F. P. 1029,8, 1903; J. 8. C, I. 1904, 23, 090. F. 
P. 28082, 1908; J. 8. C. 1. 1904, 23, 77)0. F. P. 128,58, 19IH; J. 8. C. 1, 1904, 

23, 1147. F. P. 1808.8, 1904;J.S. CM. 190.5,24,798. F. P. 14481, 1904;J.8. 
C. 1. 1904, 23, 121.5, li, P. 29475, 1904; 17940, 1905; J. 8. C. I. 1905, 24, 
1101. E. P. 2222.5, 1905; abst. J. 8. C.*!. lOOti, 25, 495, li. P. .8994, 44(W, 
1900; J. 8. C. 1, 1907, 26, 318. li. P. 10581, 1900; J. 8. C. I. 1907, 26, 409 

F. P.2.500.5, liK)0; J. 8. C. 1. 1907,26, I0«). F. P. 10908, 1908; J. 8. C. 1. 19(H), 
28, 989. li. P. 19402, 1908; J. 8. C. 1. 1909, 28, 10,88. F. P. 2.5.585 1908- 
J. 8, C. I. 1909, 28, 794. li. P. 7807, 1909; J. 8. C. I. 19(H), 28, 1249. F p' 
17900, 20081, 1909; J. 8. C. 1. 1910,29,277; Chem. Ztg. Rep. 1910,34,328 li 
P.2.5808,1909; abst. J.S.C. 1.1910,29, 1448. li. P. 4802,1910; abst. J 8 C 1 
1911, 30, 400. li. p. 8211, 1910; .1, 8. C. 1. 1910, 29, 1(H)2. li.” P. 12748, 
1910; J. 8. C. 1. 1911, 30, 72. li. P. 2441.8. 1910; J. 8. C. 1. 1911, 30, 021 
F. P. 12807, 1911; C. A. 1912, 6 , 8109; J. .8. C. I. 1911, 30, 1814. li P 
12808,1911; C. A. 1912, 6,81()9;J.8.C. 1 1911,30,1888. F. P. 11681, 1911- 
C. A. 1918, 7, 222; J. 8. C. I. 1912, 31, 1081; Mon. 8ci. 19l0, 83, 41; Chem 
Ztg. Rep. 1913, 37, 88. li. P. 17(«>0, 1911; C. A. 1918,7,408; J. 8. C. I 1912 

31, 129. F. P. 22.581, 1911;al)st.C. A. 1918,7, 1208;j.a C. 1 . 1912 31 .5;{,5 
li P. 2.5.582, 1911; abst. C. A. 1918, 7, 1008; J, ,8. C. I. 1918, 32, bS F p' 
2.5r)83, 1911; abst. C. A. 1913, 7, 1008; J. 8. C. 1. 1918, 32! 18. li. P 28(')75' 
1911; abst. J. 8. C. 1. 1912, 31, 0.58. li. P. 8147, 1912* abst. C, A 1918' 
7, 2457; J. 8. C. 1. 1918, 32, 804; Chem. Ztg, Rep. 1918, 37, 470. li. p' 
10718, 1912; abst. C. A. 1918, 7, 8.584; J. 8. Ti. I. 1912, 31, 1032 F P 
12051, 1912; abst. C. A. 1918, 7, 8045; J, 8. C. I. 1918, 32, 289. li. P. 12845' 
T!Ti2; abst, C. A. 1918, 7, 2889; J, 8. C. 1. 1918, 32 , 808; Chem. Ztg Ren’ 
1918, 37, 247. ^i. P. 14007, K)12; abst. C, A. 1918, 7, 40,50; J. 8. C I' 1918 

32, 480; Chem. Ztg. Rep. 1918, 37, 034. E. P. 17481, lill2; abst. JSC l’ 
1913, 32, 808. E. P. 16855, 1912; abst. C. A. 1914, 8, 428; J. 8. C. I lliiai 
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tion being to render it available econoniic'blly. The atniosplicre 
enveloping the globe near its surface eopsists of about 78% 
nitrogfen by vohnne, the balance being oxygen. The solid enst 
32,902. Iv. P. 2r>()2!), HII2;abst. C. A. ti)14, 8, 1408; J. S. C. I. niEi, ?2, 7.5I; 
Cliftn. Ztg. Re]). UH4, 38, 171. K. P. ;i(i()2, l!ll)»; abst. C. A. 11)14, 8, 2007; 
J. S. C. I. lOKJ, 32,'-1011. ]•;. P. 121)27, 11)13; abst, C. A. 11)14, 8 , 3812; 

J. S. C. 1. 11)14, 33, 788. E. P. 21211, 1913; abst. J. S. C. I. 1914, 33, 831. 

Iv P. 28737, 191.3; abst. J. S. C. I. 1914, 33, 483; Mon. .‘■'ci. 1917, 84, 37. 

K. P. 30073, 191.3; ab.st. J. S. C. I. 1916, 35, 738. E. P. 0731), 1914; abst. 

J. S. C. I. IDLS, 34, r>.'-|2. E. P. 9974, 1911; abst. J. S. C. I. 191.0, 34, 872. 
1'. P. .5097, 191.5; abst. J S. C. 1. 1910, 35, .538. li P. lOODllO. E. P. 
9727, 18.50; 13IH)1, 18.52; 22023, 18.5.5; 31920, 18.57; 3230.8, 1857 ; 40.508, 
18.59; 42891, 1859; .TODo, 1801; r,2‘>r>i, 1801; .54954, 18)12; .50.342, 1802; 
.57430. 1803. F. P. 149441; abst. Mon. .Sci. 1883, 25, 013. F. P. 3220(X), 
321800. 1902; abst. J. S. C. 1. 1903, 22, 298. F. P. 328245; abst. Mon. Sci. 

1904, 61, 48. F. 1>. 3280tK), 1902; f. S, C. I. 1903, 22, 004. F. P. 32.8770, 

3289811. 330258, 1903: abst. J. .S, C. i. 1903. 22, 99.5, 990. 1087. F. P. 332002, 
1903: abst. J. ,S. C. 1. 1903, 22, 1243. F. P. 332811; abst. Mon. Sci. lOO-l, 
61, 71. F, P. .338904, 339730; abst. .Mon. Sci. 1900, 65, 3; 1911, 75, .571, 
,572. F. 1’. 348189; abst. Mon. .Sci. HKXl, 65, 10; Clieni. Ztg. 190.5, 29, 493. 

F. P. 3522.54; abst. ,Mon. Sci. 1900, 65, 103. F. P. 353407; abst. Mon. Sci. 

1900, W, 100; Chein. Ztg. 1905, 29, 10.50. F. P. 3.540711; abst. Mon. Sci. 
1900, 65, 108. F. P. 3.5;117I; abst. Mon. Sci. 1900, 65, 128. F. P. 3.58373; 
abst. Mon. Sci. 1906, 65, 128; Clicm. Ztg. lOtXi, 30, 224, F. P. 370977, 
371397; abst. Cbcm. Ztg. Rc|.. 1907, 31, 14t). F. P. 372099; abst. Chcin. 
Ztg. Rep. 1907, 31, 10,8. F. P. 371)-t37: abst. Mon. ,Sci. 1911, 75, 571, .572, 
.573. F. P. 380121; abst. Mon. Sci. 1909, 71, 10)); Chem. Ztg. Rep. 1907, 
31, 03.5. F. P. 38.5193; abst. Mon. Sci. 1911, 75, .571, ,573; Chem. Ztg. Rep. 
1908, 32, 333. F. P. 3.87874, 39‘4.5,57; abst. Clicm. Ztg. Re)). 1909, 33, 132, 
F. P. 400308, 40.5493, 4097.87, 19))!|; abst. J. S. C. I. 1910, 29, 817. F. P. 
4109.33, 410907, 410224; abst. C. A. 1912, 6 , 1900; Chem. Ztg. Rep. 1910, 
34, .509. F. P, 423328; abst. C. A. 1912, 6, 21X)1; Mon. Sci. 1913, 79, 117; 
Chem. Ztg. Rcj). 1911, 35, 308. F. P, 423462; abst. C. A. 1912, 6, 1909; 
Mon. .Sci. 1913, 79, 117; Chem Ztg, Rep. 1911, 35, 300. F, P. 430092, 1911; 
abst. J. S. C. 1. 1911, 30, 12.53. !•'. P. 4327.89, 432810, 4332.39, 1911; abst. 
J. S. C. 1. 1912, 31, 187. F'. P. 43,^:!97; abst. Mon. Sci, 1913, 79, 132. F. 
P. 437397; abst. Mon. Sci. 1913, 79, 134. F, P, 437804, 438248; abst. C. A. 
1912, 6, 3.51K): Mon. Sci. 1913, 79, 135; Chem. Ztg, Rep. 1912, 36, 514. F. 
P. 444044; abst. J. S. C. 1. 1912, "SI, 1120; C. A. 1913,-7, 1209; Mon. Sci. 
191,3, 79, 142; Chem. Ztg. Re|). 191.3, 37, .35. F. P. 448511; abst. Mon. 
,Sci. 1914,^1, 4; J. S. C. I. 1!)I3. 32, 305, F. P. 400079; abst. J, S. C. I. 

1914, 33, 788. F. P. athln, 18.508, 19228. F. P. 408349; abst. J. S. C. 1. 

1914, 33, 902; Mon. Sci. 1910, 83, 10. F. 1>. 47.3985; abst, J. S. C. 1. 191,5, 

34, 717; Mon. Sci. 1910, 83, 81. F. P. 47402.3, 1914; abst. J. S. C. I. 191,5, 

34, 710. I). R. P. 1472; abst. Wag. Jahr. 1879, 25, 351. aL R. P. 13913, 
34023; Wag. Jahr. 1.880, 32, 409. I). R. P. 4.588-1, 1,58.838; abst. Wag. Jahr. 

1905, I, ;500; Chem. Zts. 1905, 4, No. 385; Zts. ang. Chem. 190,5, U, 909. 
I). K. P. 102323; abst. Chem. Centr. 1905, 76, II, 804; Chem. Ztg. 1905, 
29, 941; Jahr. Ch<?m. 190.V I908, I, 1313; Zts. ang. Chem. 19)1.5, U, 4781. 
D. R. P. 164382; abst. Chem. Ztg. 190.5, 29, 1.328; Chem. Zts. 1906, 5, No. 
.341; Wag. Jahr. 190.5, 1, 51^: Zts. ang. Chem. 1906, M, 338. D. R. P. 
1679,31; abst. Chem Centr. 1900, I, 1384; Jahr. Chem. 190.5-1(K)8, I, 1319; 
Wag. Jahr. 1900, I, .579; Zts. ang. Chem. 1907, 20, ,32.5. U. R. P. 173020; 
abst, Chem. Centr. 19))0, 77, II, 935; Jahr. Chem. 190.5-1908 I, 1312; Wag-. 
Jahr. 1907, I, ,589. II. U. 1'. 177519; abst. Ch8m. Centr. 1900, 77, II, 1747; 
Jahr. Chem. 1905 1908, 1, 1227; Wag. Jahr. 1907, I, ,588. I). R. P. 179782; 
*st. Chem, Zeiitr. 1907, I, 1470; Jahr. Chem, 190.5-1908, 1. 1317. D. R. P. 
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of'the globe also contains this element in the ratio of something • 
like 350 gm. per cubic meter. Assuming this crust to be 10 
miles in depth, this rftughly represents a weight of nitrogen of 

179350; abst. Chem. Zentr. 1907, 78, I, 1470; Jahr. Aem. lW-1908, I, 
1315; Wag. Jahr. 1907, I, .588. U. R. P. 180014; abst. Chem. Zentr. 1907, 
78, I, 1470; Jahr. Chem. 1905-1908, I, i;il2; Wag. Jahr. 1907, I, ,589. 1). 
R. P. 183410; abst. Wag. Jahtf 1907, I, 589. 1). R. P.* 1909.58; abst. Chem. 
aeiitr. 1908, I, 77; Jahr. Chem. 190.5-1<K)8, 1, 13l7;*WaK. Jahr. 1907, I, .58.8, 
D. R. P. 191910- al?.st. Chem. Zentr. 1908, 79, 1, .5(«i; Chem. Zts. I<K)8, 7, No. 
013; Jahr. Chem. 190,5-1908,1,1315; Wag. Jahr. 1908,1,494. D.R. P. 193007; 
al).st. Jahr. Chem. 1910,1, 400; Wag. Jahr. 1908,1,494. I). R. P. 200053; abst. 

Chem. Zentr. 1908, 79, II, 300; Wag. Jahr. 1908, 1, 495. I). R. P. 201000; 
abst. Chem. Zentr. 1908, 79, 11, 739; Jahr. Chem. 1905 1908, I, 1319; Wag, 
Jahr. 1908, I, .580. I). R. P. 202778; abst. Chem. Zentr. 1908, 79, II, 17.54; 
Chem. Ztg. Rep. 1909, 33, 11; Wag. Jahr. 1908, I, 49.5; Chem. Zts. 4908, 

7, No. 883; Jahr. Chem. 190.5-1908, I, 1315. D. R. P. 2(X3814g abst. CSiem. 
Zentr. 1908, 79, II, 1902; Chem. Ztg. Rep. 1909, 33, 109; Jahr. Chem. 190.5- 

1908, I, 1313; Wag. Jahr. 1909, I, .505. D. R. P. 2U4807; abst. Chem. Zentr. 

1909, 80, I, 478; Chem. Ztg, Rep. 1909. 33, 138; Jahr. Chem. 1909, 374. 
D. R. P. 204882; abst. Mon Sci. 1912, 77, .50; Chem. Zentr. lOOii, I, 323; 
Chem. Ztg. Rep. 1909, 33, 12; Chem. Zts. 1909, 8, No. 1087; Jahr. Chem. 
1909, 511; Wag. Jahr. 1908, I, 492; Zts. ang. Chem. 1909, 4,57. D. R. P. 
207425; abst. Chem, Zentr. 1909, I, 1284; Chem. Ztg. Rep. 1909, 33, 260; 
Wag. Jahr. 1910, I, 125. I). R. P. 209,848; abst. Mon. Sci. 1912, 77, 167; 
Chem. Zentr. 1909, 80, 1, 1780; Chem. Ztg. Rep. 1909, 33, 3(Xi; Jahr. Chem. 

1909, I, 404. D. R. P. 220270; abst. Chem. Zentr. 1910, 81, I, 1307; Chem. 
Ztg. Rep. 1910, 34, 214; Jahr. Chem. 1910, 1, 441; Wag. Jaftr. 1910, I, 585. 
I). R. P. 222840; abst. Chem. Zentr. 1910, 81, II, 2.50; Chem. Ztg. Rep. 1910, 
34, 3.50; Jahr. Chem. 1910, I, 442. 1). R, P. 223004; abst. Chem. Zentr. 

1910, 81, II, 3.50; Chem. Ztg. Rep. 1910, 34, 3.50; Jahr. Chem. 1910, I, 442. 
D. R. P. 223843; abst. Chem. Zentr. 1910, A, II, 520; Chem. Ztg. 
Rep. 1910, 34, 415; Jahr. Chem. 1910, I, 442. D. R. P. 227100; abst. 
Chem. Zentr. 1910, 81, II, 1347; Chem. Ztg. Rep. 1910, 34, 551; Jahr. 
Chem. 1910, I, 412; Wag. Jahr. 19U), I, .571. D. R. P. 228487; abst. 
Chem. Zentr. 1910, 81, II, 1728; Chem. Ztg. Rep. 1910, 34, Oil; 
Wag. Jahr. 1910, I, 406. D. R. P. 234.849, 1910; ab.st. J. .S, C. I. 1911, 
30, 89.5, D. R. P. 240837; .abst. C. 1912, 8, 2001; Chem. Ztg. Rep. 

1911, 35, 028; Wag. Jahr. 1911, I, 201. D. R. P. 241404; abst. C. A. 
•1912, S, 2062; Chem. Ztg. Rep. 1912, 38, 1.5; Wag. Jahr. 1912, I, 200; Zts, 

ang. Chem. 1912, 25, 130. D. R. P. 240341; abst. C. A. 1912, 8, 2345; Chem. 
Ztg. Rep, 1912, 38, 303; Wag. Jahr. 1912, I, 512; Zts. ang. Chem.. 1912, 25, 
1140. D. R. P. 249856; abst. C. A. 1912, 8, 3170; Chem. Zentr. 1912, 83,‘ 
II, 651; Chem. Ztg, Rep, 1912, 38, 481; Wag. J.ahr. 1912, I, .509; Zts. ang. 
Chem. 1912, 25, 1929. D. R. P. 25.5488; abst C. A. 1913, 7, 19.59; Chem. 
Zentr. 1913, 84, I, 479; Chem. Ztg. Rep. 1913, 37, 79; Wag. Jahr. 1913, 1, 
.534; Zts. ang. Chem. 1913. 28, lOO. D. R. P. 259877; abst. J. S. C. I. 1913, 
32, 699; C. A. 1913, 7, 3205; Chem. Zentr. 1913, II, 107, Chem. Ztg. Rep. 
1913, 37, 320; Wag. Jahr. 1913, I. .535; Zts. ang. Chem. 1913, 28, 382. D. 
R. J>. 2607.58; abst. C. A. 1913,7,3200; Chem. Zentr. 1913,84,1,195; Chem. 
Ztg. Rep. 1913, 37, 372; Wag. Jahr. 1913, 1, .535; Zts. ang. Chem. 1913, 28, 

412. D. R. P. 260948; abst. C. A. 1913, 7, 3053; Chem. Zentr. 1913, 84, 

I, 195; Chem. Ztg. Rep. 1913, 37, 385; Wag. J«hr. 1913, I, 535. D. R. P. 

261735; abst. C. A. 1913, 7, 3645; Chem, Zentr. 1913, 84, I, 325; Chem. 
5ltg. Rep. 1913, 37, 448; Wag. Jahr. 1913, I, 530; Zts. ang. Chem. 1913, 28, 

462. D. R. P.«262728; abst,C. A. 1913, 7, 3822; Chem. Zentr. 1913, 84, 

II, 730; Chem. Ztg. Rep. 1913, 37, 476; Wag. Jahr. 1913, I, 636; Zts. ang. 

Chem. 1913, 28, 518. Aust. P. 49220; same as U. R. P. 204882; ahst. Moin 

• 4 
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about 4..-) tons per square uvard of surface- Someone has com¬ 
puted there are 'dO.OI 10,01 HI tons of nitrogijn above each sciuare 
mile of the> earth,, which is an amount equivalent to the demands 
of the world for the past 75 years. It has been estimated that 
only about two pSfts in a million of this vaHt amount is in actual 
u.se, the balance beiiiK pre.sent as an unassimilable reserve. , 

Separation of Nitrogen from the Air. T. 'l.owry' has de¬ 
scribed an unstable oxidizable modification of nitrogen obtain¬ 
able by electric sparking through air which is oxidized to nitrogen 
by ozone. C. Hlagburn- obtains nitrogen by directing the whole 
of a'stream of air into contact with an excess of sulfur, at not 

f 

less than the temperature of ignition, and removing from the N 

Si-i. 77, .■)(); Cliciii. Zciitr, I'KI'l, 89, I, .'il’:;; t.'lirm. Zlg. Itep. t'KItl, 33, 
12: Cliciii. Zts. f!)ll!i, 8 , \o. lll.ST: Julir. Clieiii. lUOil, G2, .'.1 I ; Was. lain. 

I'KIK. I, f;l2; Zts.jni.s. Clicm. I!l(l!l, 22, t.'>7. .SjaIss 1’. Igal.s. SI I l(i. aiwUl. 

■I'll 17. Illg.'!.'), (5770.). I'or tlif inamil'aetuiv of iiitroxeii anil nitrio aciil, 
compan.-: Norw..l'. 101(57. 12I5.SI, 12(5.S'.I, i:ii)2.-), H102. 112(HI, It Slid, M.S.S.a, 

t407r), l.'>021, l.yiliO. t(5(K'2, 1(501.'). U50K;i. t(52(«, l(5.5t2. I7lii;i, 1727)7. 17(544, 

I.SO.'iO, I.SO.'il, J0124, I!l2(i2, I'.IX-i:!, lOS'lO, 2(K)4.'), 20107; ahst. Mon. Sei. 
I!I0(5, 65, 74; 1'.I07, 67, ,S1; 1110,S, 69, lOS, 111!); 1011, 75, .Hi, ,H2; lOl.'t, 79, 110; 
1014, 81, HI; Clifin. '/An. 100.'), 29, 4.')7, .S2.'); 100(5, 30, 224, 401; Clu-ni, '/An. 
Kep. 1007, 31, 207, 242; lOWH. 32, '>'>2: 1010, 34, 2.')0. Nurw. I'. 204,H7. 20707, 
21020, 221(i;t, 22iH.'!, 2220H, 2240H, 22.').S:t, 22740, 22,S0,'J, 22H04; alist. C. .-X. 
101,4, 7, 22.HO. 240-11, 2.'il.'>2, 2;;.<:(52, 244 20, 24.'>7.',; al)st. C, A. 1011, 8, 70(5. 

Sen also .Mlgenieini- lilcktrizitats Ges. li. iV 842(5, lOO.S; ahst. C. A. 1010, 
4, 01. Uk'kiroclKin. Wnrkn and F. Uotlic, 1), H. f’. 2(51027, 1011; ahsl. 
G. .\. 1014. 7, 4207. Maniu'lli, t.’lingrais, 24, H.S7; ahst. C. X. 1,8,8(5, 53, 

I. ')!. G. Irt'land and H. St. .8n:.;di.’n, II. R. I’. 177ilOI; ahst. Mon. Sci. 100.8, 

69, had; Clieni. Zenlr. 100(5, 77, II,‘ II 1.8; Cluin. '/An. Rep. 100(5, 30, 42.'); 
Chein. Zts. 1007, 6, 10, 7,8, Jalir. Clieni. 1007) 100,8, I, I(i0:i, KiO-l; Wax. 
Jalir. 100(5, I, 404; Zts. anx. Cliini* 1007. 20, 072; Zts. .Sehiess .Spreiix- 
100(5, 1, 40(1. 17(5(51(5; ahst. .Mon. Sei. 1000, 71, (5."); Client. Zentr. 1007. 

78, I, 11(52; Chem. '/An. Rep. 1007, 31, 44; Clieni. Zts. 1907, 6, 7,8, No. I;, 
Jalir. Cliem. lOO.') 100.8. I, 1(504; Wax. Jalir. 100(5, I, -104; Zts. ang. Cliem. 
1007, 20, 147(5. 1,80141; ahst. Mini. Fci. 1000, 71, (57); Cliem. Zentr. 1007, 
.78, 1, 11(54; Cliem. Ztg. Rep. 1007, 31, 4.8; Jalir. Cliem. IOO.a-100.8, I, KlO-l; 
Wag. Jalir. 1007, I, -'i-aO; Zts. anx* Cliem. 1007, 20, 147(5; Zts. Seliiess. ,Sprenx 
1007, 2, :i.'i. II. Woltererk, 1). R. R. 1-1(5712; ahst. .Mon. Sei. 1004 , 61, .82; 
Client Zentr. 1004, 74, 11, 12154; Cliem. Ztg. 1004, 27, ll.aH; Cliem. Zts. 
1004. 3, 447; Jalir. Chem. 1004. 56, 4(5.'); Wag. Jalir. 1004, I, 280; Zts. ang. 
Client. 1004, 16, 11(50. G. Jones and R. Suarez, 1). R. R. 220(570; ahst. 
Mon. ,Sci. 101-1, 81, 7(5; Client. Zentr. 1010, 81, I, 1470; Client. Ztg. Rep. 
1010, 34. 170; Jaltr. Client. 101(1. I, r,r,'A: Wag. Jaltr. 1010, 1, 427; Zts. aiig. 
Client. 1010, 23, KI40. 1). R. 1*. 244704; ahst. Chem. Zentr. 1011, 82,- 1, 

172(5; Chem. Ztg.'Rep. Kill, 35, 404; Wag. Jalir. 1011, I, 440; Zts. ang. 
Chem. 101 I, 24, 1104. 

1, Rhil. .Mag. 1014, (0), 28, 112 Trans. Faraday Soc. Kil l, 9, 180; 

J. S. C. I. ion, 33, 0(51. 

2. F. R. 2.')7)4,-), lOOH; ahst. C, A. 1010, 4, 01; J. S. C. I. 1000, 28, 704s 
I.'engrais, 24, OH; ahst. C. .-\. 1010, 4, 88. •Meister, I.uoRis & Briicning, 
Swiss R. (542 47), and addn. (580 1 0, lOM. G. Riiettger, Jlelg. R. 224.')44, 1010. 
Ji. Wallace aiirkb. Wassnier, Swiss R. (5284.'), 1012; ahst. C. A. 1011, 8, 2242. 
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the oxygen eompounds of sulfur. IVie process of .C. Acker' con¬ 
sists in passing dry^air and COs over molten sodium cyanide 
foniiing the cyanate and leaving the N free <or coUection. II. 
BlaU'Separates O and N from air by liquefaction and condensa¬ 
tion, employing the O boiling under a lowes*pressure than the 
. gaseous mixture in the column for the reflux condensation of the 
N in the upper end of the column.’ Or,’ fractional distillation 
of the liquified O and N may be used for seiiaration. The .Ash¬ 
croft process' is similar. 

'I'he heated air may also be led oyer finely divided copper,’’ 
molten lead,'' potassium,’ cupric oxide," silica with lime, lArium 
oxide or magnesite,'' alkaline plumbates or manganates,phos 

1. Can. P. KOTI I, I'.lll; nbst. C. A. I'.ll 1.5,*'2!l2l; abst. Mi.n. Sci. UU2, 
77, 17. Sec also Nitrogen Co., R. P. 244i;i, IIIKI; abst. C*A. Pill, 5, .'IPi.a. 
n. U. P. 2.'>,S2!ir), PIP): abst. C. A. Pll.'i, 7, 2‘.l!l‘l; Cheiti. Zentr. f!li;i, 1, 84, 
i47'.l: abst. Cheni. Ztj;. Hep. PIP!, 37, 2b7; abst. Wan. Jalir. Pibi, 1, 59, .a.'i7. 
H. Aslieroft, C. S. P. 1:120192, 1919; abst. C. A. 1920, 14, 102. O. HurfortI, 
Swiss P. 7)2711. 1910. C. Kaszner, Aiist. P. .o;t02;l, 1912; 7)897)9, lOKi. 

2. 1). R. P. 22:iS.i;i, 1909; abst. C. A. PIIH, 4, .’>287; abst. Chem. Zentr. 

1910. 81, II, 7)20; abst. Cliein. Ztg. Hep. 1910, 34, 41.7; abst. Jahr. Cheni. 
1910, 1, S3, 442. J. Islaiifl, LI. S. P. Ill77(g’), 1919; abst.J. S. C. I. 1919, 
38, 900-A. I.. Nevens, Pels. P. 21007(), 1911. K. Slocum, C. S. P. l.•il.S929, 
1919; abst. C. A. 1920, 14, 102. U. P. i:i:il04, 1918; abst. J. S. C. 1. 1919, 
38, 900 A, 94l)-A. • 

2. L’air hiciniil Soc. Anon. Pour I.’Ktude et L’Kxploitation ties Pro- 
cedes Geogres Claude & Rene J. U’vy, I). R. P. 202778, 1904; aljst. C. A. 1909, 
3, 091); Chem. Zentr. 190.S, 79, II, 177)4; Chem. Ztg. Rep. 1909, 33, II; 
Cheni. Zts. 1908, 7, No. .8,8:1; Jahr. Chem. PlO.a 1908, I, l.’il.'i. llelg. P. 
19.807)1, 2007:i.'i, 20;i784, 1907; 224ir.i, 1910. Iv. Hasinp, li. P, i:il88,t, 
l.’WSSO. C. S. P. 1:110478; abst. J. S. C. 1. 1919, 38, li29.A; 1920, 39, 2:i-A, 
4. li. P. Appl. 0:182, (5:18:1, 1918;«ib.st. J. S. C. 1, 1918, 37, 2.a8-A. 

."). Cyanid-Oes., D. R. P. 218071, 1908; abst. C. A. 1910, 4, 1797; 
• Chem. Zentr. 1910, 81, I, 781; Client. Ztg. Rep. 1910, 34, 107; Jahr. Chem. 
1910, 63, I, ,a48; Zts. ang. Chem. 1910, 23, 702; Zts. Sehiess. Spreng. 1910, 
5, 114. See C. Bradley and I), bovejoy, tb S. P. 7(KI807, 7(19808, PHI2; 
abst. J. vS. C. 1. 1902. 21, i;i:i7); Chem. Ztg. 1902, 26, 1018. Atntos|)hcrie 
Products Co., K. P. 82:10, 1901; abst. J. S. C. 1. 1901, 20, 720. C. Bradlev, 
If. R. P. 1 i:i4.')8;i; abst. J. .S. C. I. 191.'), 34, .W2. A. Crowell, C. S. P. 1:121892; 
abst. J.,S.C.l. 1920, 39, 21-A, Hergniann Elektrizitals Werkc, 1). R. P. 
29.S9.')2, 1910; abst. J. S. C. 1. 1920, 39, 21-A. 

0. C. Acker, C. S. P. I0.■)0902, lilbi; abst. C. A. 1913, 7, 871; Mon. 
Sci. 191,3, 79, 100; Chem. Ztg. Rep. 19i:i, 37, :t79. 

7. Nitrogen Co., I!. P, 24413, 1910; abst, J. S. C. I. 1911, 30, 021. 

* , 8. A. Frank, D. R. P. 204882, 1907; abst. C. A. 1909, 3, 1449; Mon. 
Sci. 1912, 77, .W; Chem. Zentr. 1909, 80, I, :i23; Chem.*Ztg. Rep. 1909, 33, 
12; Chem. Zts. 1909, 8, No. 1087; Jahr. Chan. 1909, 62, 7)11; Wag. Jahr. 
1908,'54, I, 492; Zts. ang. Chem. imiO, 22, XlJ. K. P. 1090.3, 1908; absl. 
C. A. 1909, 3, ;)(X)0; J. S. C. I. 1909, 28, !i:!9. 

• * 9. O. Frank, li. P. 1774, 1912; abst. C. A, 1913, 7, 247)0. 

10. G. lAssner, U, S. P. lOl.'ioOO, 1912; abst. C. A. 1912, 6 , 790; Mon. 
Sci. 1912, 77, 131. li. P. 12:107, 12:108, 1911; abst. C. A. 1912, 6. 3109; 
J. vS. C. I. 1911, 30, 1314, 138:1. !■'. P. 4;i(H)93, 1911; abst. C.,A. 1912, 6,21-i9; 
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phorus,* other molten mctal^,- or by burning carbonaceous fuel 
in an encjosed space,® the general idea being to combine the 
oxygen, tluis^Jcaving the nitrogen substantially pure. 

The separation of these two elements by combinations of heat 
and pressure withgselective’^fractionation of® the 0 from the N 
form the basis of the*described"processes of R. Pictet,'* IJ. Wiley,'’ 
O. Roettger,'’' J. I,ilienfeld,’j’'.\._,^Melville,*^Barb'et et r'ils et 
Cie,’ O. Frank and O. Fincke,"* G. Jakova-Merturi" and the 
Ges. I.indes Hismachinen A. G.‘® The apparatus of O. Rast'® for 
the production of N depends upon the solubility of O in water. 

Mon. fe. 1S)13, 79, 127; Cht-m. Ztg. Rep. 1912, 36, J>9, D. R. P. 2.%l8.i, 
1910; al)st. C. A. 1911, 5, 2710; Cheiii. Zeiitr. 1911, 82, I, 1201; Chem. Ztg. 
Rep, 1911, 35, 210; Wag. Jahr. 1911, 57, I, .‘1.50; Zts. aiig. Chem. 1911, 24, 
8.50. n. R. 1>. 2;l72.i2. Ul'lO; achln, to D. R. P. ZiXiKi, 1910; abst. C. A. 
1912, 6, 1.507; ChW Zentr. 1911, 82, II, 497; Chem. Ztg. Rep. 1911, 35, 
470; Wag. Jahr, 1911, 57, I, .542; Zts. aiig. Chem. 1911, 24, 10.57. 

1. R. Wallace and E. Wassmer, 1'. S. P. 11.5414.5, 191.5; abst. C. A. 
1915, 9, 8119. E. P. 14031, 1911; 3147, 1912; abst. C. A. 1913, 7, 222, 
24.57; Chem. Ztg. Rep. 1913, 37, .33. 

2. W. Heys, E. P. 17000, 1911; abst. C. A. 1913, 7, 403; J. S. C. I. 

1912, 31, 129. 

3. O. Hurltyd, E. P. 19402, 1908; abst. C. A. 1910, 4, 810; J. S. C. 1. 

1909, 28, 1088. Eor "active” nitrogen, see R. .Strutt, Proe. Roy. Soc. 1911, 
85, A, 219; 86, A, .50; 19i;i, 88, A, ,539; 191.5, 91, A, 303; 1910, 92, A, 438; 
abst. J. S. C. I. 1911, 30, 08.‘5; 11)12, 31, 70; 1913, 32, 750; 191,5, 34, 422; 

1910, 35, 837. W. Jevons, Proc. Roy. ,Soc. 191,5, 91, A, 120; abst. J. S. C. 1. 
1915, 34, 175. 

4. E. P. 2740.3, 1910; abst. C A. 1911, 5, .3.329; J. .Soc, Dyers Col. 

1911, 30, 8(M. J. llucher, U. S. P. 1091425, 1138191. K. P. 45.5799; abst. 
J. S. C. I. 1913, 32, 94.3; 1915, 34, 001; C. A. 1914 , 8, 1,860, 18,50; Mon. .Sei. 
1914, 80, 12; Chem. Ztg. Rep. 1914, 38, 39, 407; Zts. ang. Chem. 1910, 29, 
1, 134. 

5. U. S. P. 107)0244, 1915; abst. C. A. 1913, 7, 1.589; Chem. Ztg. Rej). 

1913, 37, 4()4. 

0. E. P. 7^58, 1910; ab.st. C. A.. 1911, 5, 2918; f. S. C. I. 1911, 30, 
27; Chem. Ztg. Rep, 1911, 35, 471. 

7. D, R, P. 2.5.5488, 1910; abst. C. A. 191.3, 7, 19.59; Chem. Zentr. 
191.3, 84, 1, 481; Chem. Ztg. Rep. 1913, 37, 79; Wag. Jahr. 191.3, 59. I, .534; 
Zts, ang, Chem. 1913, 26, 106. 

8. Aust. P. 34.507, 34568. 

9. E. P. 131321, 1918; abst. J, S. C. I. 1918, 37, 78-A; 19J9, 38, 700, 
700-A. F. P. Jan. 31, 1917. .See also "Rectification de Fair liquidc,” E. 
Barljet, 1918, 139 p. 

10. E. P. 10718, 1912; abst. C. A, 1913, 7, 3,5.34; J. ,S. C. I. 1912, 31, 

1032. ‘ , " 

11. F. P.482661?. 1917; abst. C. A. 1918,12,208; Mon..Sci. 1918,84,44. 

12. D. R. P, 203814, UtOO; abst. Chem. Zentr. 1908, 79, 11, 1902; 
Chem. Ztg. Rep. 1909, 33, 109; Jahr. Chem. 190.5-1908, I, 131.3; Wag. Jahr. 
1909, 55, I, ,50.5. 

13. D. R. P. 2.53494, 1911; abst. C. A. 191.3, 7, 813; Chem. Zentr. 1912,* 
83, II, 19.53; Chem. Ztg Rep. 1912, 36, 070; Wag. Jahr. 19f2, I, 58, ,505; 
Zts. ang. Chem. 1912, 25, 2008. 
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R. Levy and A. Helbronner' separaie O from N by liquefaction* 

rectification, re-liqujfaction of the gas rich in N, asd further 
purification. • • 

•The Industriegas-Ges. fucr SauerstofT und Stickstoll-Anlagcn® 
jiroduce N from liquid gir by leading it counter to a rising cur¬ 
rent of O, whereby heat is introduced from without in such a 
manner that the N separates from the liquid air from the heating 
vapors by impermeable walls. Or'' the air may be caused to pass 
in succession through two tubular systems, in which the second 
system and the upper portion of the first are maintained at a 
lower temperature than that of the lower part of^the firjt. T. 
Briggs,* P. Guye® and Pease" have also contributed to the sub- 

1. IJ. S. P. 959.'')63, 1919; abst. C. A. lOl'o, 4, 2.199; Mon. Sci. 1910, 
73, mo. Sec also Anon., Chem. Ind. 1910, 33, 725; abst. C. A. 1911, 5, 
1109. 

2. !■•. ]>. 440500, 1912; abst. C. A. 191.1, 7, 19.18; Clicni. Ztg. Uep. 
191.2, 37, 96. D. R. P. 3126:19, 1913; abst. J. S. C. I. 1919, 38, 862-A. 

3. Soc. I/Air Luniid, U. P. 717.1, 1910; itbst, C. A. 1911, 5, 2159; 

J. S. C. I. 1910, 29, 1011. P. P. 730.1, 1910; abst. C. A. 1911, 5, 2918; J. S. 
C. I. 1910, 29, 1251. K. P. 488444, 1917. 

4. Hlectrochem. Met. Ind. 5, 485. See. also Mosaicki, plectrochem. 
Met. Ind. 5, 491. 

,1. .Schweiz. Chem. Zts. 1918, 2, 3; abst. J. S. C. I. 1918, 37, 179-A. 
For equilibrium constants in the Buche^ process for nitrogen iixation, see 

J. Ferguson and P. Manning, J. Ind. ling. Chem. 1919, U, 940; abst. J. S. 
C. I. 1920, 39, 17-A. 

0. U. P. Appl. 147)3, 1918; abst. J. S. C. I. 1918, 37, 79-A. For addi¬ 
tional data on the separation of nitrogen from the air, compare C, Andrcucci, 

K. P. 117333, I9I7;U. S.P. 1272181, 191,8; Cf. F,. P. 10277-A. 1890;abst. J. .S. 
C. I. 1917, 3S, 83; 1918, 37, .107-A; C. A, 1918, 12, 2417, 191.1. Atmospheric 
Oxygen and Power Co., F. P. 3218(K)' 1902; abst. J. S. C. I. 1903, 22, 298. 
J. Currie, U. S. P. 1203533,. 1918; abst. C. A. 1918, 12, 121, 1018. Cowper- 
Colcs, li. P. Appl. 13880, 1918; abst. J. S. C. I. 1918, 37, 535-A. Cl. Claude, 
U. S. P. 102.1962, 1912, 1008219, 1913; K. P. 3220, 1911; F. P. 4a2777, 1908; 
abst. J. S. C. I. 1910, 29, 88 ; 1912, 31, .335, .188; 1913, 32, 827. Ges. fur 
Linde's Eismachinen A.-G., R. P. 109789, 1917; addn. to R. P. 24735, 1914; 
abst. J. S. C. I. 1918, 37, ,107-A, 1915, 34, 871. G. Hildebrandt, U. S. P. 
1119158, 11191.19, 1914; abst. J. S. C. I. 191.1, 34, 80. W. Hoofnagle, I'. 

S. P. 1243,124, 1917; abst. J. S. C. I. 1917, 36, 127. M. Hazard-Flamand, 
11. S. P. 1201043, 1201044, 1910; F. P. 394881, 1907; abst. J. S. C. I. 1909, 
28, 310; 1916, 35, 1150. G. James, W. Vint and H. Alexander, R. P. U7937, 
1917; abst. J. S. C. I. 1918, 37, .181-A. G. Jaubert, F. P. 440702, 1911; 
46.1822, 1913; abst. J. S. C. I. 1912, 31, 87,1; 1914, 33, 045. K. Kaiser, F. 
P. 435397, 1911; abst. J. S. C. I. 1912, 31, 385. C. Kradss, U. S. P. 1212504, 
1917; F. P. 4647.10, 1913; abst. J. S. C. I. 1917, 36, 3.39; 1914, 33, 549. J. 
LiUenfeld, R. P. 22930, 1911; F. P. 435357, tfll; abst. J. S. C. I. 1912, 31, 
385, 1079. R. Levy and A. Helbronner, F. P. 328770, 328984, 1903; abst. 
J. S. C. I. 1903, 22, 996. Montgomery and Roystou, R. P. Appl. 9210, 1916; 
abst. J. S. C.J. 1910, 35, 43. B. Maxted and T. Smith, R. P. 114663, 1917, 
abst. J. S. C. I. 1918, 37, 30?-A. J. Place, E. P. 105106,1916; U. S. P. 707633; 
707634, 1902; 11.179,19, 1915; abst. J. S. C. I. 1902, ^ 1.322; 1915. 34, 1209; 
1917, 36, 548. R, Pictet, F, P. l-ITWl, 1912. and first addn. 1913, 322060, 
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jeot of tho separation anti itpiirification of elenieiital nitrogen. 

Otlier'iiiethods for obtaining purified nitrogen liave l)een de¬ 
scribed by H'iektri*tatsvverk bonza,' R. Williams,'-’ [. Mai,'* ('/. 
V. Knorre,' N. Bac,m,’ N. Tomniassi,“ W. Mount,’ 11. Rai,** 
Messer & Co.,'' Ab'iShoeld,'" llarger ancj l.ever Bros.," C. Mc- 
C'onrt, and C.-lillis,Montgomery and Royslon,'" and C. Crom- 
metl." 

Among tile factory metliods for the preparation of this ele¬ 
ment in a pure state may be mentioned the process of the Nitro- 

K P. 27i:i, imil; alist. J. ,S. C. I. 1902, 21, 407; 190:!, 22, :!(i4: 19i:i, 
32, 110,'^ 1109. ,C- Rossi, r. S. P. 1200717, lOl.S; ahsl. C. .\. 19I.S, 12, I7;!:i. 
Slix'iuii, Iv- P. -Aiilil. 44,'ll, 1918; aOst. J. .S. C. I. 1918, 37, 171-.A. .Soe, Anon, 
|)oiir I'litnde el I'Hxiiloit. ile.s proe. Claude, li. P. I290,‘i. 1900; .■):i20, 191 I ; 
114817, 1917; F. P. 290211, 1900; .•i21097, .'UtlOO, 1902; ;12824,i, I90:i; ahsl. 

I. S. C. I. 1901, d), 1018; I90:!, 22, 298, 4.8.-). ;-|.-)4, 790, O.'jO; 1912, 31, .■i.'i."); 
■pil.S, 37, 4l0-A. F. Wilev, V. S. P, 10.-,0214, I9i:i; ahsl. J. S. C. 1. I9i:i, 
32, 420. 

I. Iv. P. 127.8.'|2, 1917: ahsl. j, S. C. I. 1919, 38, ■,:!7-A, I). R. P. 

2O2071, 1910; ahsl. J. S. C.'l 1918, 37, O.'IA-A, 

2 F S. P, i;!r42:il, I9I9; ahsl. J. S. C. I. 1919, 38, 70.VA. A. 

K. P. :il94, 1913; ahsl. J. S. C. 1. 1911, 33, :i.'>2: C. A. 191 I, 8, 2920; Cliein. 
ZtK. Rep. 1914, 38f230. 

3. Her. 1901, 34, 3.80.i; ahsl, J. ,S, C. f. 1902, 21, 70. C, .Monrean and 
.■\. Fcpape. Coinpt. rend. 191 1. 158, .839: ahsl. J. S. C. 1. 1914, 33, 1 118, 

1. Clieni. Zlg. 1903, 27, Of ahsl. J. ,S C, I, 1903, 22, 79.",. C. Van 
Hrunt, J. A. C. S. 1914, 36, 1 148; ahsl. J S. C. I. 191 I, 33, ,.8,8. 

tv S. P. 13049.32, 1919; ahsl, J. ,S. C. I. 1919, 38, C. A. 

1919, 13, 2113. T. howrv, Prix'. Chem. Soe. 1912, 28, 04; ahsl. J. S. C. I. 
1912,31,383. 

0 f, ,S. P. I29.‘>03.'). 1919; ahsl. P S, C. t. 1919,38,321 A;C. A. 1919, 
13, 1248. I). R. P. .302071, 1910; ahsl. J. S. C, 1. 191,8, 37, .3.3.-, A. Can, P. 

18.‘,f447; ahsl, C. A. 1919, 13, 201.3. • 

7. C .S P, 1304790, 1919; ahsl. C. A. 1919, 13, 1900. R. BraniK, 
Zls. anii. Clieni. 191-1, 27, 424; ahsl. J. .S. C. I. 1914, 33, 749. 

8. J. S. C. I. 1919, 38, 99-R; ahsl. C-. A. 1919, 13, 3087. \V. iVleney 

and It. lieeker, Sci. Proc. Rny. Dnhiin Soe. 1918. 15, 3.8.3; ahsl. J. S, C. 1. 
19.19, 38, 1.30-A. See also F'. P. 322000. 32824.3, .3.32002, .338904, 322000 and 
addn. 2277, 332811; addn. 4007 to .32821.3, 3.322.34, .372099, 4109.33, 11090), 
42.3328, 4.30000, 43(K)93, 

9. 1). R. P. .300011, 1914; al)sl. J, S. C. 1. 1919, 38, 801-A. J. Collie, 

II. Pallerson and 1. Masson, C. A, 191.3, 9, 20. 

10. r. S. P. 12.87472, 1918; ahsl. J. S. C. 1. 1919, 38, 13.3-A. Iv. Rnllier- 
ford, C. A. 1919, 13, 2480. 

11. F. P. 1.310.84, 1919; ahsl. J. S. C. I. 1919, 38, 700 A. M. Horn, 
Her. Physik. (3es. 19f7, 19, 243; 191,8, 20, 10; ahsl. C. A. 1919, 13, 1421. . 

12. i;. S. P. 1289490, 1918; ahsl. J. S. C. I. 1919, 38, 1.30-A. li. P. 

2.3029, 1912; ahsl. J. S. C. I. H)I3, 32, 7.31. H. Collins, Chern. News, 1919, 
119, 29; ab.st. C. A. 1919, 13, 300.3. In this eonnection see C. A. 1908, 2, .3; 
1911, 5, 37.30: 1913, 7, 1831; 1914, 8, 804, 1.302. , 

13. li. P. 131009, 1919; ahsl J. S. C. I. 1919, 13, 700-A, F, I.oriiiK. 
Chem, News, 1919, 118, 311; ahsl. C. A. 1919, 13f 2482. 

14. U. S. P. 1304027, 1919; ahsl. C. A. 1919, 38, 2113. Iv. Hriner and 
P, Ravillc, Helvetica Cliim, Ada, 1919, 2, 3482; ahsl. C. A. 1919, 13, 2487. 
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g’cn Uo.,' and tiiat of I'arkcs and Puirson.'^ J. Currie'* arranges* 
in alignment two elcjj-'trodes having relatively wide, flitf, annular 
opposed, parallel arcing surfaces, so that a rglativciy thick arc 
niay.be produced. The electrodes are water-cooled, internally 
and extcmally. For nitrogen fixation apparijhis, silicon,’ nickel- 
chroinium-copper alloy,*’ powdered tantalum,'* or molten sulfur' 
have been the Txisis of patent protection. 

A. Frank and N. Caro” pass fuel ga.ses over a metal contain¬ 
ing its oxide whereby the carbon monoxide and the hydrocarbons 
are burned to C0>, which is afterwards removed by absorption; 
R. Meves" obtains pure N by liquefying air by the Linde pweess, 
and fractional distillation of the li(|uid air, or by re)*eatedly com¬ 
pressing air up to its liquefaction point, pure nitrogen remaining,'" 
the C. Jaubert apiiaratus being used." T. Willson and M. HalT'- 
burn sulfur in a limited quantity of air, pass the mixture of (), 
N and St), thus formed through milk of lime, and the N over 
heated S, absorbing .SO. and leaving the nilrogen in a pure state. 

1. I*, t’. 42al(>2, I!»1U, abst. C. A. litli’, 6, llXii); Mon. .Sc-i. 79, 

11'/; Cliom. ZlK. Rep. lull, 35, .4()(). t). R. R. 2(i0H04, al»it. C. A. lUlli, 7, 

:i'20(l: Cheiii. Zentr. lUKl. 84, It, 1«7; Cliem. Ztj;. Rep. lUl.'l, 37, .'iH.'); Wax. 
Jahr. iui;>. 59, 1. .sir); Zt.s. aiiR. Cheni. lUlU, 26, 4.'!7. 

2. i;. 1’. Appl. 402:1, 1U18; absl. J. 3 C. I. lUIS, 37, 1704. 

:i. Can. P. ITI.lOO, IU17; abst. C. A. lillS, 12, 121. I!. Aslicrofl, 
IC. P. 10420, lul l: 127)714; C A. lUlU, 13, 220;i; abst. J. .S. C. 1. 1U1.‘), 34, 
710. 4'. S. P. ll,S0:i07; abst. J. .S. C. I. 1U1.7, 34, 710; lUlO, 35, 840; Chem. 
Ztg. Rep. IUI7, 41, 124. 

I. (). Prank, K. P. 1774, IUI2; abst. C. A. lUl.'l, 7, 24,50. 

.5. R. MeK.ec, U. .S. P. 12;.l(),S,5;i, 1UI7; abst. C. A. 1UI7, 11, 2U48; 

J. .S. C. I. 1UI7, 35, 1018. • 

0. Sienicns Ilalske, I). R. P. 280,514; abst. J. S. C. T. lUlO, 35, 
48; .Mon, Sei. lUbS, 84, 18; Cliem. Zentr. 1U1.5, 86, It, 7)04; Chcin. Ztg. Rep. 
IU1.5, 39, ;178: Zts. aiig. Client. IUI7), 28, 471. 

7. C. lllagbnrn, IC. P. 2.5.5;i.5, lUOS; ab.st. C. A. P.IIO, 4, Ul; J. .S. C. 1. 
lUOU, 28, 7U4. 

8. D. R. P. 204.8,82; abst. Cliem Zts. lUOU, 8 , 1087; Mon. .Sei. IU12, 
77, .50; Wag. Jalir. IU0,8, 54, 1, IU2; Cliem. Zentr. lUOU, 80, 1, ;i2;i; Clicni. Ztg. 
Re]). lUOU, 33, 12; Zts. ang. Chem. lUOU, 22, 4,57; Jalir. Cliem. lUOU, 62, .511. 
In this eoimeetion see O. Serpek, U. R. P. ISIUUI. 181.1702; abst. Moll. Sei. 
lUOU, 71, l.5;{; Cliem. Zentr. 1U07, 78, 1, 1.520; II, 0.51; Cliem. Ztg. Rep. 
1U07, 31, 120, 207; Jalir. Cliem. IU0.5 IU08, I, 27,41; Wag. Jalir. 1U07, 53, 1, 
I-IU, 4.50; Zts. aiig. Cliem. 11107, 20, 1.‘170; 1U08, 21, 7UO. 

* • U. I). R. P. 1707,82; abst. Cliem. Zentr. 11107, 78, P, 1470; Jalir. Chem. 
IU07)-11HI8, I, i;3l7. * 

10. A. Neumann, D. R. P. 2817,18; abst. Chem. Zentr. lUb), 86 , I, 
281; Chem. Ztg. Rep. 1U1.5, 39, 40; C. A. 1U17), 9, 1868; Zts. ang. Chem. 
191.5, 28, 80. 

♦* 11. I). R. P. 277717; abst. Chem. Ztg. Rep. 1914, 38, .511; Wag. Jahr. 

11114, 60, 1, 4.T,; Zts. ang. Cfiem. 1914, 27, 020. 

12. U. S. P. 1084774; abst. C. A. 1914, 8 , 995; Chem. Ztg. Rep, 1914, 
38, 287; Zts. ang. Chem. 191.5, 28, 228. 
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In another method,’ Ikiuids nre etnployed which dissolve () more' 
readily thyn N. , 

G. Weitlboeckt absorbs the O 1)y means of fresh, moist barlj;- 
R. Wallace and U. Wassmer’ pass air over phosphorus and'sep¬ 
arate the prodiicls'iu an intncalc manner,^ the metliods of Ilur- 
ford,' Nitrogen Gesellsvhaft" and E. and f. Behrens''’ being anal¬ 
ogous. O. Hurford’ first bums a carbonaceous fuel in sufficient 
air to form CO 2 , then separating the N therefrom by means of 
the condensing action of water. 

For the separation of the nitrogen from the oxygen in the 
air, it BarscfialF employs two rectifying columns, one above the 
other, from which the () is taken away at the bottom and the N 
at the top. .\,siinilar apparatus" separates the N from O in the 
air by li«,uefaction, brought about by compression, countercur¬ 
rent cooling, and expansion and fractionation by ])artial re-evap¬ 
oration. 

L. .Summers,"’E. Scott," A. .Sander,'" .\. Hooker,''(). .Austin," 

1. Saltpetenauri' [iKluslric (tes , 1). K. P. I.SiStO; alist. Mon. ,Sei. 
1911, 75, 1.5; Chem. Zciitr. 1907, 78, II, 051; Cliem. Ztg. Rep. 1907, 31, lOH; 
Jahr. Clictti. 19n5-190X, 1, 1700; Wag. Jahr. 1907, 53, I. '182. Hrmiler, 1). 
R. I’. 204730; abst. Chem. Zentr.'19*)9, 81, I, 323; Chem Ztg. Rep. 1909, 
33, 11; Chem. Zts. 1909, 8, No. 1113; Jahr. Chem. 1909,62,397; Wag. Jahr. 

1908, 54, I, 493; Zts. ang. Chem. 11HI9, 22, 4.'.8. 

2. ]). R. P. 193410; abst. Chern. Zeiitr. P.KI.H, 79, I, 900; Chem. Zlg. 
Rep. 1908, 32, 80; Chem. Zts. 1908, 7, .No. 019; Jahr. Chem. 190.51908, I, 
1319; Wag. Jahr. 1908, 54, I. 495; Zts.'ang. Chem. 1908, 21, 800. 

3. K. P. 3147, 1912; abst. C. A. 1913, 7, 24.57; J. .S. C. 1. 1913, 32, 
304; Chem. Ztg. Rep. 1913, 37, 470. • 

4. I'. S. P. 914279, 1909; abst. C. A. 1909, 3, 1147; Chem. Ztg. Rep. 

1909, 33, 208. 

5. F. P. 40,8349; abst. .Mon. Hei. 1910, 83, 10; 1). R. P. 21/)008; abst. 
.Moil. Sci. 1913, 79, 05; Chem. Zentr. 1909, 80, 11, 1708; Chem. Ztg Reii. 

1909, 33, .592; Jahr. Chem. 1909, 62, I, 511; Wag. Jahr. 190<.l, 55, I, 499; Zts. 
ang. Chem. 1909, 22, 2434. 

0. D. R. P. 220942; abst Mon. Sei. 191 1, 81, .80; Chem. Zentr. 1910, 
81, II. 1345; Chem. Ztg. Rep. 1910, 34, 551; Jahr. Chem. 1910, 63, 1, 033; 
Wag. Jahr. 1910, 56, I, .501; Zts. ang. Chem. 1910, 23, 2337. > 

7. li. P. 19102, 1908; abst. C. A. 1910, 4, 810; J. S. C. I. 1909, 28, 

108.8, 

8. D. R. P. 259877, 1911; abst. C. A. 1913, 7, 3205; Chem. Ztg. Rep. 
1913, 37, 320; Wag-fahr. 1913, 59, I, 535; Zts. ang. Chem. 1913, 26, 382,. * 

9. Industriegas-Ces. lur SaiierstolT imd Stickstollanlagcn, It. R. P. 

Anm. J. 13034, « 

10. Proc. Am. Inst, like, ling March, 1915. 

11. Klee. ling. (N. Y.) 1917, 50, 45; abst. C. A. 1918, 12, 2,52. 

12. Zts. Komp flus,s. (Case. 191,5, 17, 1; abst. C. A, 1910, fO, 1090. 

13. Trans. Am. lilectroehera. 29 ladvanc# copy); Met. Chem. ling. 

1910, 14, 201; J. Ind. Kng. Chem. 1910, 8, 288; C. A, 1910, U, 852, 

• H. The Aim-rieas, 1918, 4, 21; ab.st. C, A. 1918, 12, 1209. 
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f. Guye,' H. Prinseiigeerligs,''' R. Skerrett,^ F. Carpenter,'* an<f 
others^ have given historical and detailed reviews of tUe various 
phases of this subject. • • 

Preparation of Pure Nitrogen. This cannot readily be pre¬ 
pared from the air due to the presence of eleyients of the helium 
^ group, it, however, may be prepared from nitrogen compounds, 
as in the follov^ng five ways: 

(1) The following reaction takes place when a concentrated 
solution of ammonium nitrite is heated: 

NH4NO2 = No + 2II0O 

It is riiore convenient to employ stoichiometrical/iuantitjes of 
sodium nitrite and ammonium sulfate. 

(2) The action of chlorine upon ammonia giyes pure nitro¬ 
gen : 

iSNHa + 3CI2 = N2 + (INH4CI. 

(3) Urea may be decomposed by alkaline hypobromite; 

CONsHi + 3NaBrO + 2NaOII = 

3NaBr -|- NajCO., + .3HoO + N 2 

(4) Pass a mixture of ammonia and oxygen through a heated 
tube containing iron or copper 

4N1I;, + 3 O 2 = 2 N 2 -1- (jl-W). 

(5) Nitrous oxide or nitric oxide is passed over heated cop¬ 
per or iron 

N 2 O -t- Cu =» Cut) -f- N 2 . 

• The action of sulfuric acid upon a mixture of ammonium nitrite 
and glycerol also produces nitrogen. In addition there are many 
methods in which oxygen is removed from the air, as indicated 
in the next topic. 

Properties of Nitrogen. Pure nitrogen is a colorless, odor¬ 
less gas, ordinarily inactive, a non-supporter of combustion, and 
directly combining with but very few metals. Indirectly it com¬ 
bines to form many compounds as nitric acid—in connection 
with the .subjects treated in this series of volumes—of far-reach- 

I. J. suis.se de Chimie. Vlndustrie ChiiS. 1918, S, ii; abst. C. A. 1918. 
12, 1498. 

»• 2. Louisiana Planter, 1915, 54, 347; abst. C. A. 191,5, 9, 2429. 

3. Iron^Age, 19ie, 97^359; abst. C. A. 1910, lA, 854. 

4. J. Ind. Eng. Chem. 1909,1, 4; abst. C. A. 1909, 3, 693. 

5. See Editorial L’Industrie Cliiinicu, 7, 41; abst. C. A, 1907, 1, 1460, 
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ing and profound technical importance, both iirthe peaceful and 
in the warfike arts, as has been so remarkal:)iy exemplified in the 
conflict just,'tloscd'.' 

The investigations of R. Strutt' has proven that under cer¬ 
tain conditions nitfiiygen becomes (juite active, "riie sp. gr. of N 
is (1.(1(1717 (air = 1),- one liter weighing 1.2.'>()7 gtn." Nitrogen 
was liquefied in large quantities by S. Wroblewski' and by K. 
Olszewski," the sp. gr. of the li(|uid at the b. pt. being ().S()-12" 
or ().S1(I3.' One volume of water dissolves ().(I2.'>4N of the gas 
at -1°, and smaller amounts with rise in temperature." N is more 
soluble in ethyl alcohol than in water. While under normal con¬ 
ditions nitrogen is incombustible, a mixture of .N and O can be 
caused to ignite by means of a powerful electric current, and this 
observation has been the foundation for the commercial trans¬ 
formation of atmospheric nitrogen into nitric acid and water- 
soluble stable nitrogen compounds svnthetically." The assimila¬ 
tion of nitrogen by plants has been extensively investigated.'* 

Stas first determined the atomic weight of nitrogen at 14.(14 
(() being 1(1), Imt later determinations" have reduced the prob- 

1. I’roe. Hoy. Soo. 11111, 85, 31(1, 577; I'.IIL'. 8G, 2(12; 87, 170; 1014, A, 

88, .540; 101.5, 91, .■104; I’hysikal Zts. 1014, 14, 21.5; J. S. C. 1. 101.5. 34, 422. 
]•:. Tiedo, Her. 1014, 48, 440. Iv Tiodc and Iv. Doinckc, Her. 1014, 46, 400.5; 
1014, 47, 421.1; J. S. C. 1. 1014, 33, 711, 2.54. 

2. A. l.educ. Coni])!, rt-nti. i.S0(l, 123, .S0.5; l.SO.S, 126, 114. 

4. Havlfigh, Hroc. Hoy. .Soc. I.S02, 53, 141; I.SOl, 55, 410. 

4. Compt. rend. 1S.S.4, 97, 1.5.54; I.H.H1, 98, 0.S2; l.S.S(l. 102, 1010; Mnnatsli. 
1S.H.5, 6 , 204. 

.5. Compl. rend. 1.S.S1, 99, 144; f.S,S5, 100, 4.50. 

(1. J. Dewar, Hrrte. Hoy. Six'. 1001, 73, 2.51. 

7. C. Italy and 1'. l.lnnnan, J. C. S. 1002, 81, 012; see also VV. Hatnsay 
and J. Driigman, J. C. S. 1000, 77, I22S. 

5, L. Winkler, Her. ISOI, 24, 4(10.5 

0. W. Spolli.swoodrr, Hr(X'. Hny. l.SSl, 31, 174. W. Ci'onkes, 
Cliem. News, 1.S02, 65, 402. See also Rayleitjli, J. C. .S. 1.S07, 71, I,SI. W. 
Mnthniann and H. Hofer, Her. 1004, 36, 144. 

10. I'or further details see J. Hawes and J. (lilbert, I’liil. Trans. ISOO, 
B, 180, 1; J. Hoy. A>!ri. ,S<k-. IKOl, (1.57; I’roe. Roy. .Srx-. ISOO, 46,’ .S.5. T. 
Sehhx'sing and li. I.aurent, Compt. rend. I.HOl, ll3, 77(1. Marshall W.ard, 
Nature, 1804-1804, 49, .511. I'or triatoinic nitrogen, see M. Trautz, Zts, 
Klektrochem. 1010, 25, 207; ahst, J. S. C. I. 1010, 38, 80H-A, 

11. J. Hiblts, J.tA. C. S, 180(1, 18, 1044. (',. Dean, J. C. S. I0(KI, '77, 
117. A. .Seott, J. C. S. 1001, 79, 147; Hroe. Chein. S<x'. 100.5, 21, 400. H. 
Guye, Compt. rend. 1004, 1381 1214; 1005, 140, 124 1, 148(1. I’. (Inye and 
S. Bogdan, Compt, rend. 1004, 138, 1404, A. Jatpierod and S. Bogdan, 
Compt. rend. 1004, 139, 40. H. Guye and A, I’intza, Com|it. rend. 100.5, 
141, .51; 1008, 147, 025. A. Jariuerod and O. ,S(;heuer, Comix', rend. 100.5, 
140, 1484. H. Gray, J. C. .S. 1005, 87, 1001 G. Hinrichs, Compt. rend. 
100,5, 140, 1.500. T. Richards and G, Forbes, J. A. C. .S. 1007, 29, .808; 
lyilO, 31, (1. R. (^uye and (). Dronginine, J. Chim. Rhys. 1010, 8, 474. 
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able value to 14.01, while the corrected gasometnic density leaifs 
to the figures Id.O ayd Id.001 as detennined by A. LeiUic' and by 
Rayleigh.'' « • 

Nitrogen Oxides." of which five are possible, and all known, 

1. Compt. rend. 18!)^ 125, l!i)0. See also I). »flerthelot, Compt. rend. 
I8US, 126, lUIiO. M. Vezcs, Compt. rend. 18U8, 126, 1714. 

* 2. Proc. Woy. Soc. 18<)7, 62, 20!); 1004, 73, 

.4. I'or the oxidation of nitrogen at high temperatures, refer to: R. Paw- 
likowski, I!. P. 20728, lOOo; D. R. P. 17102.1. O. Bruenler and C. Kettler, 

O. S. P. SU80.3;l, 1908; ahst. J. S. C. I. 1908, 27, 9.82; K. P. .58.'')2, o901, 1900; 
abst. J. .S. C. I. 190(i, 25, 811; D. R. P. 18,')(H)4; abst. C. A. 1907, 1, .■i07:i; 
dO.WO; K. P. .•i0;i017, :i0;i018, .•i80407; abst. J. S. C. I. 1900, 25, 1!)9, 840. 
Cheinischc Pabrik Oriesheim IClektron, IC. P. blO.'il, 1907. O. Bender, t'. S. 

P. 9(K1471; Iv P 80,54, 1!)07; 18204, 1909; K. P. ,477142, 10,5.104; aijst. J. S. 

C. 1. 1908, 27, 77.; 1910, 29, 211; I). R. P. 192884, 217079*217080, 217.5.50. 
227490, 27744.5, 279(K)7, 280900; 1). R. P. Appl. B-.5I927. G. Kettler, K. P. 
24204, 1908; P. P. 490101; 1). R. P. 209901. l)n|>re, D. R. Appl. D-19454. 
K, Soedermann, P. P. 41178.5, 414117, 410040; abst. J.*S. C. 1, 1910, 29, 
949, 1477. K. VietingholT-.Scheel, 1). R. P. 222029. P'. HaeiisSbr, U. S. P. 
1(K)0742; Iv. P. 12101, 1.4989, 27820, llMKi; 14989, 1907 ; 20777, 1910; P. P. 
1097.58, 420112; I). R. P. 210.518, 218814; abst. Zts. ang. Chcm. 1910, 2J, 
704; 242.509; abst. J. .S. C. I. 1911, 30, 111.5; C. A. 1911, 5, 2709. R. Pictet, 
p'. P. 41.5.594; D. R. P. 220807. Badische Anilin u. Soda Pabrik, K. P. 
20400, 1908; P. P. 49047.5; I). R. P. 219494. \V. Phillips and J. Biilteel, 

]•:, P. 2.4970, 1909; 275.58, 29894, 1910 ; 420.8, 1911. I,. Devilaine, P. P 
424894. .Soeiele I’Air Liquide, F. P. 410.5.57; abst. J. S. C. 1. 1910, 29, 147.8. 
P'. Wiegolanski, Norw. P. 20.428. J. Alsberge, Iv. P. 8779, 1889. A. Seller- 
bins, 11. R. P. 214709; abst. Wag. Jahr.*1909, 55, 1, Oil. A. Scherbins and 
H. Wach, 1). R. P. 221129; abst. Wag. Jahr. 1910, 56, I, 479. J. Price, Iv. 
P. 107.5.5, 1909; 50.57, 1910. Saltpeter.saeure Industrie Ges., D. R. P. 2.4.5299; 
P'. P. 4202.52. Westdeuts<.'he Thomasphosphatwcrke, 1). R. P. 182297; .Anst. 
P. 24474, 19IKi; Iv. P. 2.5010, 1904; P. P. .448189, 4:54,548; abst. J. S. C 1. P.105, 
24, 441, 1014; Belg. P. 1.808.41, 18:19411, 199745. G. Pauling, 1’. S. P. 7.5877-1; 
P'. P. 4247tiO, 42.52-M. For data on the electrolytic oxidation of atmospheric 
nitrogen, consult; Iv. Herman, I). R.4’. 2810.81, 284.5:15. Atmospheric Prod¬ 
ucts Co., 1). R, P. 179288, 1902; abst. Zts. ang. Chcm. 1907, 20, 701. W. 
Crookes, Ivlectric World. 33, 419. W. Muthmann and H. Holer, Ber. 
190:i, 36, 44,8. !••. bepel, Ber. 1897, 30, 1027; 190.4, 36, 1251; 1904, 37, :!470. 
A. .Stabenhagen, Ber. 190.5, 38, 2171. A. Gran and P. Russ, Wiener .\kad. 
Ber. Dec. 1900; Zts. Pilectna-hem. 1907, 574. W. Nernst, Zts. anorg. Chean. 
1900, 213, 229. M. Berthelot, Compt. rend. 1900, 142, i:i07. J. Brode, 
Zts. p;icctr(x'hem. 1905, 12, 7.52. A. Scheuer, Zts. Pilectrochem. 1905, 
12, .5(i5. M. Bodenstein, Zts. ang. Chcm. P.)00, 19, 14. F. Haber 
(collaborating with Choates, Makowetzky, Holweeh, Koenig, and Platon, 
Zts. ang. Chcm. 1910, 31, 084, 8t)4, 810; Zts. Phys. Chcm. 1909, 
.447. Pi. Warburg and G. l.cithauscr. BcrI. Akad. Ber. 1907, 229; Pogg. Amt. 
1900, (4), 20, 74.4; Chcm. Centr, I9()7, 78, I, 117.4. Fischer and Bnachmer, 
Wl. Ber. 1900, 940, 908. F. Fischer and H. Marx,*Bcr. 1900, 39, 2557. 
Hiinsscr, Zts. Pilcctrochcm. P.K)0, 444; Zts. Vercin. Ucut.sch. Ing. i9l2, 11.57; 
Chcm. Trade J. 1914, 55, 40. li. Briner audJv. Durand, Compt. rend. 1907, 
145, 248. H. Holweeh, Zts. ang. Chcm. 1908, 21, 2141; Zts. Pilectrochem. 
1910, 17, :i09. A. Gran and P. Rnss, Zts. ang. Chem. 1<K)8, 21, .5.54 F. 

*Howics, J. S. C. 1. ltK)7, 26, 290. bcBlanc, Zts. Ivicctrochem. 1907, 14, 297. 
P. Guye, Mon. ,Sci. I!I07, W, 225. M. BtHienstein, Zts. Pilcctrtxthcm. 1910, 
17, 870. P. Forster and j. Blich, Zts. ang. Chem. 1910, 23, 2017. H. baveth 
and C. Rand, Zts. ang. Chcm. 1!H)5, 18, 1900. P. Guye, J. S. C. 1. 1900^25, 
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are as follows, according to the increasing nitrogen content: 

(1) Nitrogen Monoxide: nitrous oxide, laughing gas, N 2 O. 

(2) Nitrogen Dioxide: nitric oxide, nitrohydroxylaminic an¬ 
hydride, no! 

(3) Nitrogen Trioxide: nitrous anhydride, N 2 O,). 

(4) Nitrogen Tetroxide: nitrogen peroxide, NO^. 

(5) Nitrogen Pentoxidc: nitric anhydride, N 2 O:.. 

The methods for the commercial production of some of these 

•SG?. Bull. Soc. Chilli. 1909, 5, .339. A. Nciibcrger, Zt.s. aiig. Chem. 1905, 
18, 1842. K. Hiiss, Zts. ang. Chem. 1908, 21, .5.5.5. H. Andriessens, Schwei/.. 
Elcktrot, Verein Bull. 1919, 9, 2,53; Sei. Abstracts .Section B, 22, 131; abst. 
C. A. 1,919, 13, 2638. B. Adhikary, Chem. News, 191,5, 112, 163; abst, 
J. S, C. I. 191,5, 34, I0.5;i. .See J. .S. C. I, 1911, 30, 282, O. Baudisch and O. 
Klinger, Ber. 1912, 45, .3231; abst. J S. C. I. 1912, 31, 1178. 1. Bcllucci, 
Gaz. chiin. ital. 1914, 44, II, ,384; abst. J. ,S. C. 1. 1914, 33, .3.84, F. Benmi, 

B. P. 12.54.53, 191lv; abst. C. A. 1919, 13, 22.59. M. Bodenstein, Zts. Blck- 
troc-hem. 19,18, 24, 183; ab.st. J. H. C. 1. 1918, 37, .504-A; C. A. 1918, 12, 
2291; J. S. C. I. 1918, 37, .504-A. B. Brincr, Ilelv. Chim. Acta, 1919, 2, 162; 
abst. J. C, S, 1919, 116, ii 190; J. .S. C. 1. 1919, 38, 281-A. B. Brincr and A. 
Baerfiiss, J. Chim. Phys 1919, 17, 71; abst. J. C. S. 1919, 116, ii, 3:18; J. S. 

C, I. 1919, 38, .572-A; Helv. Chim. Acta, 1919, 2, 95; abst. J. C. S. 1919, 
116, ii, 148; J. S. C. I. 1919, 38, 219-A, B. Brincr and B. Fridori, Helvetica 
Chim. .Acta, 1918, 1, 181; abst. C A. 1919, 13, KKl; J. Chim. Phys. 1918, 
16, 279; J. .S. C. J. 1918, 37, ,504-A. B. Brincr and P. Naville, J. Chim. 
Phys. 1919, 17, .329; abst. C. A. 1919, 13, 2487, .3090; Hclv. Chim. Acta, 
1919, 2, .348; abst. J. .S. C. 1. 1919, 38, 814-A; J. C. S. 1919, 116, ii, 464. F. 
Carpenter, J. S. C. I. 1886, 5, 287. ’ J.' Coates and A. F'innev, J. C. S. 1914, 
105, 2444; abst. J. S. C. I. 1914, 33, 1206. Comte, Phys. Zts. 1913, 14, 74. 
R. Drawe, U. S. P. 1283112, 1918; abst, J. S. C. I. 1919, 38, 73-A. F. du 
Pont, U. S, P. 1311.594, 1919; abst. C. A. 1919, 13, 2488; J. S. C. 1. 1919, 
38, 681-A. R. Bsnault-Pelterie, B. p. 10027.5; Chem. News, 1913, 108, 
178; abst. J. S. C. I. 191.3, 32, 97,5. F. Fischer and B. Henc, Ber. 1912, 45, 
.36.52; 191,3, 46, 603; abst. J. .8. C. I. 191.3, 32, 82, 288. F. F<K.-rster and M. 
Koch, Zts. ang. Chem. 1908, 21, 2161, &209; abst. J. S. C. I. 1909, 27, 1110. 
A. Griepe, Amcr. Gas J. 1918, 109, 4.87, 492; abst. C. A. 1919, 13, 6.37. P. 
Giiye and F. Schneider, Helv. Chim. Acta, 1918, 1, 3,3; abst. J. S. C. I. 1918, 

37, 412-A; C. A. 1918, 12, 186.5. F. Haber and A. Koenig, Zts.. Blectro- 
chem. li«)7, 13, 72.5. B. Haslup, U. S. P. 1.310480, 1919; abst, C, A. 1919, 
13,'2427. O. Jensen, U, S. P, 1291909, 1919; abst. J. S. C. I. 1919, 28, 2a5-A; 
C. A. 1919,13, 998. P. Jolibois and A. Sanfourchc, Compt. rend. 1919, 168, 
2.35; abst. C. A. 1919, 13, 10.55; J. S. C. 1. 1919, 38, 132-A, G. Klinger, Ber. 
1913, 46, 1744; abst. J. S. C. 1. 1913, 32, 697. A. Koenig, Ber. 1913, 46, 
132; abst. J. S. C. I. 191.3, 32, 194, J. BaCour, U. S. P. 1296194; abs*. C, A. 
1919, 13, 1428. W. Landis, U. S. P. 1292814, 1919; abst. J. S. C. I. 1919, 

38, 28.5-A. G. Lewis and B. Adams, J, A. C. S. 1915, 37, 2308; abst. J. S. 
C. 1. 1915, ^ 1141. , W. Loeb, Zts. Blektrochem, 1908, 14, 556; abst. J. S., 
C. I, 1908, 27, 94.5. , W. Manchot, Ann. 1910, 375, 308; abst. J. S. C. 1. 
1910, 29, 1202; Ber. 1914, 47, 1601; abst. J. S. C. I. 1914, 33, 642. W. 
Manchot and F. Huttner, Anm 1910, 372, 1.53; abst. J. S. C. I. 1910, 29, 
563. F. Russ, Zts. ang. Chem. 1908, 21, 486; abst. J. S. C. 1. 1908, 27, 3;i,3. 
R. Maxted and G. Ridsdale, B. P. 10781, 1915; 12608.3, 12764,5, 1917; abst., 
J. ,S. C. I. 1919, 38, 252-A; .344-A; C. A. 1919, 13. 1625, 2427. ,W. Molden- 
hauer and O. Wehrheim, Zts. ang. Chem. 1914, 27, •3:34; abst. J. S. C. 1. 1914, 
33, 748. C. Montgomery and B. Royston, R. P. 1.31609, 1916; abst. J. S. 
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"oxides are of great importance, fanning, as they do, stepping 
stones in the synthesis of nitric acid. F. Foerster and J. BUch 
have .shown' that the oxidation of NO by fre& O to between 
0 ° and 100° occurs more rapidly at lower than at higher tem¬ 
peratures. G. Lunge and E. Berl have pQtnted out^ that the 
proportion of nitrous and nitric acids in-the atmospheric oxida- 

C. I. 1919. 38, 7()4-A. L. Moser, Zts. anal. Clieiti. 1911, 50, 401; abst. J. S. 
C. I. 19)1, 30, 802. K. Mueller, Zts. anorg. Chem. 1912, 78, 324; abst. 
J. S. C. 1, 1912, 31, C8.5. W. Miithmann and 11. Ilafer, Ber. 1903, 36, 438; 
abst. J. S. C. I. 1903, 22, 303. Norsk Hydro-lilektrisk Kvael, D. R. I’. 
3I08.S9, 1919; abst. Chem. Zentr. 1919, 90, 11, 339. T. Panzer, Zts. Physiol. 
Chem. 191.5, 93, 378; abst. J. S. C. I. 191.5, 34, .514. A. Pinkus, Hclv. Chim. 
Acta, 1918, 1, 141; abst. J, S. C. I. 19)8, 37, .504-A. li. Ros.si, Ga^-.'Chim. 
ital. liK).5, 35, 89; abst. J. S. C. 1. 190.5, 24, 072; Chem. CSntr. 190.5, 76, I, 
1.52.5. A. Sanfourehe, Comiit. rend. 1919, 168, 23.5, 307, 401; abst. J. S. C. 

I. 1919, 38, 132-A, )72-A, 219-A; C. A. 1919, 13, 10.55. A. vSaposchnikow, 

A. C.oiidima and V. Koutovski, J. Russ. Phys. Chem. Sftc. 1913, 45, 1070; 
abst. J. S. C. I. 1913, 32, 97.5. V. Thomas, Bull. Soc. Chim. 1895, 13, 38.5. 
IC. Tiedc, Ber. 1913, 46, ,i40; abst. J. S. C. I. 191.3, 32, 232. O. Tower, Zts. 
anorx. Chem. 1900, 50, 382; abst. J. S. C. I. 1906, 25, 1043. IC. Wuest, 

IC. P. 104734; abst. J. .S. C. I. 1917, 36, .548. . W. Cramp and B. Hoyle. 

J. S. C. I. 1909, 28, 9.5. V. IChrlich and I'". Russ, .Sitzungsberiehte der Kais. 

Akad d. Wi.ss in Wien, 1911, 120, July; Monatsh. 1911, 917. R. 
Pe-arson and H. Parkes, IC. P. 130693, 1918; abst. .C. A. 1920, 14, 
103. P. Gerhardt, I). R. P. 3032,5.5, abst. J. f5. C. I. 1919, 38, 891-A. 

Harburger Chemische Werkc Schon & Co, and W. Daitz, D. R. P. 

298911; abst. J. vS. C. I. 1920, 39, 21-A.' Matignoii, Chem. Trade J. 19)4, 
55, 09. Koehler and Marueyrol, Bull. Soc. Chim. 1913, 13, 69; abst. J. S. C. 

I. 191.3, 32, 140. B. Bunet and A. Badin, IC. P. 16224, 1022.5, 1!K)9; abst. 

J. .S. C. 1. 1910, 29, 98, 277; U. S. P. 103.5084; abst. C. A. 1912, 6, ,3232; 
Mon. Sci. 1913, 79, 12; F. P. 402012, 4(Xill,5; abst, J. S. C. I. 1909, 28, 1198; 
1910, 29, 98. 1212, 1377; 1912, 31, .5117; Mon. Sci. 1910, 73, 107; 1911, 75, 
.572; 1910, 73, 173; 1911, 75, .571, .572. D. Timar, F. P. 412227; Aust. P. 
48537; abst. J. S. C. I. 1910, 29, 101(4. F. duPont, U. S. P. 948372, 9.5070,3; 
abst. Moil. .Sci. 1910, 73, 119, 133; Chem. Ztg. Rep. 1910, 34, 120, 179; 
J. S. C. I. 1910, 29, 3,53, 423. A. Grau and F. Russ, Sitzungsber. d. Wien 
Akad. 1900, 115 (iia); 1908, 117 (iia),.32l; ICIektnx-hem. Zts. 1907, 13, 345, 
.573; J. C. S. 1906, 92, ii, 601; ltH)8, ii, 7.53. IC. Rossi, Gaz. chim. ital. 1905, 
35, 1. 89; J. C. S. 1905, 88, ii, .3»i; Zts. IClcktrochcm. 1905, 2, 504. A. Goria- 
inolT, Bclg. P. 191000, 193262, 1900. B. Geisenberger, Belg. P. 216728, 
1909. F. Haeusser, Bclg. P. 2(K)79.5, 1907; 221089, 1909 ; 228560, 1910. 
F. Illavati, Belg. P. 2.52772, 1913. Meister, Kudus & Druening, Belg. P. 
234947, 1911; 253.381, 262810, 1913; Swiss P. .55537, 1911; 65120, 1913. K. 
Soederman, Swiss P. .52208, 1910. Societe Anonyme L’Air biquide, Belg. 
P. 227869, 1910. R. Pictet, Bclg. P. 1.56203, 1901; 224987, 1910; 1C. P. 
192.54, 1900; J. S. C. I. 1901, 20, 1194; sec also Engineering, 1901, 368; J. S. 
C. I. 1901, 20, 985. W. PhiUips and J. Bulteel, Swisg P. 57.53.5, 1911. I,. 
Roth, Bclg. P. 208231, 1908. C. Tellier, Belg. P. 190?72, 1906. F. Timm, 
Aust. P. 11677, 1903; abst. Chem. Zts. 1903,^, 543. For the use of nitrous 
oxide as gaseous fuel in explosion motors, see Morun, F. P. 317.543, 1902; 
abst. J. S. C. I. 1902, 21, 1447. 

1. Zts. ang. Chem. 1910, 23, 2018. Atmospheric Products Co., H. S. 
P. 709867; a8st. Chem. Zt? 1902, M, 1018; 7098)8; E. P. 8230, 1901; 14781, 
1902; abst. J. S. C. I. 1901, 20, 726; 1902, 21, 1282; Swiss P. 24229. 

2. Chem. Ztg. 1904, 28, 1243. R. Samuel, E. F. J670, 1915; abst. 
J. S. C. 1. 1916, 35, 315. 
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tion of NO arc not influence{f by the dilution of. the oxygen, but 
by the quantity of water present and the intensity and intimacy 
of agitation.^ In a,iiother method,' NO is converted into HNO,, 
preferably by alternate instead of simultaneous treatment with 
oxygen and water., They- allege that when the higher nitrogen 
oxides are absorbeef by sidfnric acid, NtO.i is absorbed without 
the formation of IINO.,. In another patented process, ' a current 
of air containing nitrogen oxides is caused to meet an opposing 
current of alkaline solution in a series of towers, whereby alkaline 
nitrite and nitrate are formetl, the latter being readily separated 
from tlie former by crystallization. V'erge' claims an improved 

1. 1’. Navillf, .A. aTui C. ('.iiw. F. I’. 2 .'j.{I!) 2. .■i(j|.S27, SS.LAdSI' ahst 

J. S. C. I. 19(17, 26, 2;i, 2(19; 19(),S, 27, (127; Cliem. /Ag. Rep. 1907, 31, 72' 
Mon, Svi, 1909. 71, 100. I). R. P. ,S,S;(20, l.Sor); alist. Chem. LSOO, 20, 

.S2.): Wax- Jahr. 1X90. 42, (fit; Zts. ang. Chvm. 1X90, 9, 02;). 1). R. P. 

IX7,5X.a; ahtt. Chem. Zentr. 1907, 78, II, 127X; Cliein. Ztg, Rop 1907 31, 
179; Jahr. Chem. l90rr-190X, II, :iOI9; Wag. Jahr. 1907, 53, I, 40;i; Zls. aiig. 
Chem. 190,X, 21, ■').‘)7, li. P. 0I."i,'), 0.'100, 1907; ahst. Zts. lilekirocliem 1902- 
190;i, 9, 023. 

2. F, P. 3.')()I20, :!X.'.()(r); ahst. J. S. C. I. 190.'). 24, U7X; 1910, 29, 

117; Mon. ,Sci. 191 1, 75, ,'172, .'>73. D. R. P. 227)l;‘>;i; ahst. Chciti. Zentr 1910' 
81, II, 1103; Chofi. Ztg. Rei>. 1910, 34, I9X; Jahr. Chem. 1910, 63, I .'>.S7 
Wag. Jahr. 1910, 56, I, -1X7; Zts. aiig. Chem. 1910, 23, 21,S9. p; p 213;iX 
1900; ahst. J. S. C. I. 1907, 26, 101.'). F. Raschig, Chem. Ztg. 1907, 31, 

3.')9, J. .S. C. I. 1907, 26, 0,X0; Zts.' ang. Chem. 1907, 20, 702. W Phillips 
f.S. P. 103.')732;abst. J. S. C. I. 1912, 31, X17, C. /\. 1912, 6, .331.'); IVIon. Sci' 
191.3.79, 1. K. Raiser, Heig, P. 1,S20,S7, 190.'); 1.^2.X30,'), 1910; 210921, 1911; Swiss 
P. .31440, .■)4320, 1910; ,')9410, 1911. (1. Kettler, .Swiss P. 4().S,S2. 1907' 13779 

190,S; Bcig. P. 211919, P.KIX. D. Timar, Hcig. P. 222,S09, 1910. C. 'I'orley ami 
O. .Matter. Belg. P. 2.')07.')2, 1913. fn this eomieetioii reler to C C.uye 
C. S. P. 1109330; ahst. C. .A. 1914, 8 , 339X; F;. P. X(M, 1912; al)S(. C A 19i;! 
7, 2103; J. ,S. C. I. 1912, 31, X2.'); F. P.43X7X3: ahst. J. S. C. I. 1912, 31, 049. 
C Olive and A. Brum, Arch. Sci. Plus, et Xat. I90X, 25, l.'i;!; Coiii|it rend 
1908, 146, 1090; 1908, 147, 49. C. Oiiye and L. SehrikolT, Arch. .Sci Plus 
Nat. I!X)7, 24, .349; ahst. C. A. 1913, 7, 178,8; .Mon. Sei. 1913, 79, IJO; Chem. 
Ztg. Re|). 1913, 37, 447, P. Ouye, 17 ,S. P. 10570.')2, F. P. 44r(K)2, ahst 

I. sS. C. I. 191 1, 30, 7)41. tt .S. P, I03.').3XI, F. P. ■120.'>2-1, ahst. I. ,S. C I Kill 

30, 372; 1912, 31, 82.'); C. A. 1912, 6, .3211; Mon. .Sci. I913,'79, 12. F. I'i 

38il8(i4; ahst. J. S. C I. 1908, 27, I0;)2; ahst, Mon. .Sei. 1909, 71, 112. F P. 

4040.30, ahst. J. -S. C. I. Kill, 30, 211; J. S. C. I. 1900, 25, 027; Met. Chem. 

I'hig. I9(K), 4, I3(); Mon. Sci. Kltl7, 21, 227); Mon. Sei. 1910, 73, 170. Nitro¬ 
gen Ltd., Belg. P. 2.37.)42, 1911. 

,3. The .Saltpetersaiire Indnstrie-Oes Gelsenkirchen and Pauling, F). P 
98.81, 1910; ahst. J. S. C. I. 1910, 29, 11.')7. 

4 F. P. 409194; ahst. Mon. .Sci, 1911. 75, 140, 7>71. .372 .See F .P' 
3:19730, 370977, 377199, 380121, .•18,3,309, 38.8281, 388.308, 392070 3'l,84''4 
40(3403, 41178.3, 412227, 412788 413117, 41.3,394, 410224, 420112, addn. 12:127 
to 413117, 4227.31, 4280.37, 4:i0()00, 4:i0l 12, 4,30113, 4:12810, and addn. 13.319, 
437,397, addn. 1,31,31, 1.3019, 1.3923 to 430789. O. Dahl, F'. P. 391822, .3998:i2' 
ahst. J. .s. C 1 1908, 27, 117.2; ahst, Mon. Sci. Kill, 75, ,371. A MacDon- 
gall, F;, P. 4013, 1899; ahst. J. S. C. I. 1900, 19 <149. Swiss P‘ 20092; ahst. 

J. S. C. I. KKXI, 19, 349; Zts. ang. Chem. 1904, 17, 1717. .See A. M.acDongali 
an< W, Howies, Man. Lit. and Phil. .Soe. Mem. 1900, 44, 1. 
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yield of nitrogen in the synthetic process, by cooling the nitrogen, 
gases immediately upon their liberaflon by meani5 of liquid air. 
In this manner the *)lid oxides may be filtered off aifd treated 
with air and water to obtain nitric acid of hfgh concentration. 
The absoqition of nitrogen gases by dilute lime and kept in 
motion by means of rapidly revolving drumsf forms the essence 
•of another' inv^-ntion. (). Bender- produt’es oxhlcs of nitrogen 
by burning fuel gas in the form of small pointed flames, siqiport- 
ing combustion by a mixture of oxygen and air in such propor¬ 
tion that the resulting gases are high in NO and NO.. The 
Badische Anilin und Soda Tabrik' is similar. Atmosphcricallv’ 
diluted oxides of nitrogen may also be absorbed in g iveakJiasic 
oxide, as the oxides of copper, lead or zinc,' which are afterwards 
heated to high temperatures to liberate the nitrogey oxides. 

Bender's patents for obtaining nitrogen-oxygen cont^xiunds, ’ 
burn fuel in air under high pressure with water atomized, alum- 

1. Norsko Akticsc'Iskalit for liliklrokcsinisk* Indii.stri and B. Hahor- 
snii, It 1’. ;t.Snj!PO; abst. J. S. C. I. 1007. 26, 12,SU; Cliem. Zt.e. Rep. 

Jl, (i:W. M. SolK'ftlnin, It 1> -Idl.'ilA; abst. J S. C. I. nil.'i, 32, (illl. 
the J. r.slaml device for produeiiiR nitrogen oxides, see !'• S. 1’. IIIS2o2!l; 
abst. C. A. lilll, 8, (;:i2; Mon. Sci. Itll t, 81, ti.V 1I71III27, alisl. J. S. C. I. 
Itlltl, 35, lid:;. li. I'. 11.211.2, 1(112; alisl. C. A. KMd. 7, 2.77(1; J. S. C. I. KU:!, 
32, fltm. It 1>. Kid.Vit; abst. J. S. C. I. fflld, 32, (1(11); IDKi, 35, (id.'i; C. A. 

III hi, 8 , .31.')(■>. 

2. C. A. 11)11. 5, Kid.''), I()()7. Swiss l>.-tUliOI. 11)011. Belg. It 111(12-1)'), 
2l,S()2(i. tt ,S. 1>. lOIIOl-l, abst. C. A. 11)12, 6, 11.7; J. S. C. 1. KUO, 29, l.)2. 
1). R. It 2'4!)417, 11112; abst. J. S. C. 1. Illl.'). 34, 27; Wag. Jalir. 1012, 58, 
f, 332; Cliein. Zentr. 1(112. 83, 11, 4(1-1 ;*Clit'in. Ztg. Rep. 1(112, 36, -l.SI ; Zts. 
alig, Cheni. 11112, 25, 1021); C. A. 1012, 6, 3170. 

3. E. P. 31)7)02, 11)00; IJO.TO:;, 10(11); abst. C. A. Kill, 5, 21121; J. .S. C. 

I. 1010, 29, 14').'); Kill, 30, K7, .See also 1), R. P. 2207.S(), C. A. 1011, 5, 

I 2.')3(i. D. If, P. 2.33032, lllOll; abst. C. A. Kill, 5, 2021 ; Cheni. Zentr. 1011, 

81, I, Mtiti; Choni. Ztg. Rep. Kill, 35, 202; Wag. Jahr. 1011, 57, 1, 4(17: 
Zts. Scliicss. .S|)reng. Kill, 6 , 232. D. R. P. 237.')()2, 1010; add. to 1). R. P. 
233032, abst. C. A. 11112, 6, l.')(IS; Client. Zentr. Kill, 82, II, 312; Clieni, 
Ztg. Rep. Kill, 35, 43,3; Wag. Jahr, Kill, 57, 1, 403; Zts. ang. Client. Kill, 
24, 1732; Zts. .Schiess. Spreng. 1011, 6, 37)4. 

4. Allgemeiiie Elektrizitats Oes., E. P. .3120, 1003; abst. J. S. C. I. 
1000, 28, 037; C. A. 101(1, 4, 01; E. P. 0233, 1003; abst. C. A. 1000, 3, ,32.7; 

J. S. C. I. 1003, 27, 04(1. .See also I). R. P. 100.701; abst. J, S. C. 1. 100.3, 
27, ,3.')0. .Sec also (1. Brisset and M. Mugnet, F. P. 37.7.340; abst. J. S. C. 1. 
1008, 27, 030: Mon. .Sei. 1011, 75, .771, .772. 

- .7). D. R. P. 27743,7, 270007, 2,30000; abst. J. S. i;i. I. 101,7, 34, 228; 
Client. Zeiitr. 1014, 85, II, 073, 1070; 10I7>, 86, I, 177; Client Ztg. Rep. 
1014, 38, 470,.727; 101.7,39,3; Zts ang.Chciii. yi 14, 27, ,704, 022; 101.7,28,82; 
Wag. Jahr. 1914, 60, I, 373, 440; Mon. Sei. 1017, 84, 73. W. Lacltmann, 
I). R. P. 280844; abst. J. .S. C. I. 1010, 35, 738; Clteiii, Zentr. 1010, 87, 1, 
340; Client. Rep. 1010, 40, 101; Zts. ang. Client. 1010, 29, 137. t). 
Brtienler. Belg. P. 100204, 19020.7, 1000. P. Bnnet and A. Baditi, Belg. P. 
217328, 1009; .Swiss P. 40(500. K.HIO, 
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iniim oxide' being used as a nitrogen carrier, as also has bismuth 
oxide" and tellurium or a tellurium compound.' F. Bayer & 
Co.^ separate nitrogen oxides from admixture with other gases 
by means of wood charcoal as an absorbent, the gases being sub- 

1, V. S. P. 1172,SC).-?, .ilwt. J. .S. C. I. 1!)16, 35, tfi8. F. P, 474107. 
K. P. 1820.3. 1000; akst. C. A, 1010, 4, 2'),5,';;, al>st, Mon. Soi. 1910, 83, 82; 
J. S. C. I. 1010, 29, 211. 11. R. P. 217070, 100,8; ahst. C. A. 1010, 4, 1002- 
Sfon. Sci. HH:)’, 79, l.')7; Chcm. Zoiitr. 1010, 81, I, 307, Cliem. Ztc. Ret). 

1910, 34, Jaltr. Chem. 1000, 62, I, .5,'iO; Wax. Jahr. 1900, 55, I, 413; Zts 
ang. Chcm. 1010, 23, 3IS(I; Zts. Schiess. Spreng. 1010,5, .53; D.Jt P. 217.5,50 'l908- 
abst. C. A. 1910, 4, 1.531; Mon. Sci. 1913, 79, 1,57; Chcm. Zeiitr. 1910, 81,’ 

I. ,58,5; Chcm. Ztg. Rep. 1910, 34, ,84: Jahr. Chcm. 1910, 63, 1, oKt- Zts 
ang. Chcm. 1910,23, 380; Zts. Schic,s.s. .S|)rcng. 1910,5, .53; I). R. P. 277400,1900; 
abst. C. A. 1011, 5, 1()()7; Chem. Ztg. 1014, 38, Xll. S(k-. Anon. d’lCtndcs 
F;iccti:<x;himiqj,ics. li. P. 13052, 1004. F. P. 3,50120; ahst. Mon. fici 1011 
75, .572, .573: J. S. C. 1. 1005, 24, ,5,50. 1). R. P. 187.585, 1003; abst. J. .S. 
C. I. 1005, 24, .5;50; Zts. ang. Chcm. 1!K),8, 21, .5.57; Chcm. Zentr. 1007, 78, 

II, 1278: Chcm Ztg. Re|). 1907, 31, 479; Jahr. Chcm. 100,5-100,8, I, 1708; 
wag. Jahr 100?'.‘53, I, 403; Zts. ang. Chcm. 1908, 21, 5.57. 

2. Ba'lische Aiiilin n. Soda Fahr., F. P. 1384,8, 1014; ahst. F S C 1 
101.5, 34, 790. K. P- P.H.5; ab.st. J. S. C. I. 1910, 35, 101.5. 

3. Iladische .tnilin ii. .Soda Fahr., It. P. 201(K), 1008; abst. J. S. C. I, 
1000,28,937. f;.P. 30,503,1909;abst.J..S. CM. 1011,30,87. It. P. 13207, 1015; 
abst. J. S. C.T. 1940,35,1108. E. P. 13298, 1915; abst. J. S. C. I. 1010,35,101,5. 
D R. P. 188188, ahst. C. A. 1008, 2, .570; Chem. Zentr. 1007,78,11, 1282; 
Chem. Ztg. Rcr- 1007, 31) 302; Chcm. Zts. 1907, 6, No, 2(HI; Jahr. Chcm. 
1905-1008. I, 1770; Wag, Jahr. 1007. 53, T, 413. ]). R. ]'. 210404, 
1008; abst. C. A. 1010, 4, 2032; Chcm. Zentr. 1910, 81, I, 971; Chcm. 
Ztg. Ren. 1910, 34, 142: Chcm. 7-ts. 1910, 9, No. 1024; Jahr. Chcm 
1010, 63, I, .584: Wag. Jahr. 1010, 56, 1, 471; Zts. .ang. Chcm. 1910, 
23, 1040; Zts. .Schicss, .Spreng. 1910, 5, 175. L). R. P. 233907, 1909; abst. 
C. A. 1911, 4, 2921; Chcm. Zentr 1011. 82, 1, 1400; Chcm. Ztg. Rep. 

1911, 35, 2.34: W,ag. Jahr. 1011, H, I, 107; Zts. ang. Chcm. 1011, 24, 
1003; Zts. Schicss. .Spreng. 1911, 6 , 232. J. Hayden, F. .S, P. 1000272; abst. 

T. S. C. I. 1013, 32, 077; C. A. 1913, 7, 2724; ,Mon. Sci. 1914, 81, 22. W. 

Radlcv, R. P. 14.50. 18.50. A Scln8eitzcr and F. Hauff, E. P. 3410, 1012; 

abst. C. A. 1013. 7, 2517. H. S P. 1037001, abst. J. S. C. 1. 1912, 31, 870; 
C. A. 1012. 6, 3232; Mon. .Sci. 1013, 79, 5. P. P. 130872; abst. J. S. C. 1. 

1912, 31, 721. W. Siebert, U. S. P. 10.%312G; abst. J. S. C. 1. 1912, 31, 782; 

C. A. 1912, 6 , 2.580. 

4. F. P. 423700, 1910: abst. C. A 1912, 6, 1000; Mon. Sci. 1013, 79, 

117; Chem. Ztg. Rep. 1911, 35, .300. See also Atmospheric Products Co., 

D. R. P. 179288, abst. C. A. 1007, 1, 1402; ,Mon. Sci. 1900, 71, 74; Chcm. 
Zentr. 1907, 78, I, 430; Chcm. Ztg Rep 1907, 30, 11; Chcm Zts. 1907, 6, 
2.58; Jahr. Chcm 100.5- 1908, I, 1704; Wag. Jahr. 1900, 52, I, 4.5^; Zts. ang. 
Chcm. 1907, 20, 701. Baudisch, Zts. ang. Chcm. 1013, 27, 012. U. S. P. 
9913.57; abst. C. A. 1911. 5,2312; Mon. Sci. 1012, 77, 17. E. P. 22322, 1910; 
abst. C. A. 1911, 5,?020; J. S. C, I. 1911. 30, 84, E. Aumont, V. R. P. 233982, 
addn. to D. R. P, 2339G7; abst. C. A. 1911, 5, 2921; Chem. Zentr. 1911, M, 

I. 1466; Chem. Ztg, Rep. 1911, 35, 262; Wag. Jahr. 1911, 57, I, 467; Zts. 
Schiess. Spreng. 1911, 6, 2.33t D. R. P. 260768, 1911; ab.st C. A. 1913, 7, 
.3200; Chem. Zentr. 1913. 84, I, 19.5; Chcm. Ztg. Rep. 1913, 37, 372; Wag. 
Jahr. '91.3, 59, I, ,5.38; Zts. ang. Chcm. 191.3, 26, 412. J. Roberts, U. S. p. 
902607; abst. J. S. C. I. 1008, 27, 1167; Mon, Sci, 1909, 71,,126. E. Mar- 
quardt and H. Viertel, 11. S. P, 8(M02I, 1906;* Mon. Sci. 1906, 65, 6.5, R. 
Mahnsen, D, R. P. 6.3030; abst. Wag, Jahr. 1892, 38, 1123; Zts. ang. Chcm. 
ft92, 5, 496. R. Mack, F P. 477476; J. S. C. t. 1916, 35. 008. 
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sequently recovered from the charcoal^ by treatment with steam, 
hot air or an indifferent gas. In the L. Bergfeld scheme^’ higher 
nitrogen oxides are pfodueed from lower ones Jiy a continuous 
cycle of operations. Bergius^ produces concentrated nitric acid 
from mixtures of gaseous nitrogen peroxide with gases contain¬ 
ing oxygen, by causing tlfc reaction to take,place at higher tem¬ 
peratures and atf an elevated temperature to minimize re-decom¬ 
position. 

0. Jensen’ absorbs diluted nitrous gases in 90% sulfuric 
acid, after which the solution is heated with the employment of 
dephlegmators, whereby concentrated nitrogen oxides are evolved. 
In the process as described by P. Guye,"* gases containing 
and NO 2 are recovered by introilucing them into a heat-inter¬ 
chamber after compression, where they are cooled fty ex^iansion 
to precipitate the nitrous vapors, and the nitric peroxide recovered 
by means of solvents.’ 

H. Knottenbelt® prepares NO by addiifg sulfuric acid to a 
mixture of sodium nitrate and ferrous sulfate; while the Canada 
Explosives Co.’ convert lower into higher nitrogeif oxides in a 

I. K. P. 21211, 1013; abst. J. S. C. 1. 1014, 33, 831. E. Spitzer, E. P. 
22201, 1007; abst. J. S. C. I, 1008, 27, 27. E. P. 3a!078. 3a3130; abst. J. S. 
C. I. 1008, 27, 281; Mon. Sci. 1009, 71, 103; 1911, 75, .572; Cliem. Ztg. 1!K)S. 
32, 164, 165, 4.52. 

2. D. U. P. Aura. 15. .53617. Dynamit A,-0. vorm. Nobel & Co. 
E. P. 3342, 1012; abst. C. A. 1913, 7, 2.516; J. S. C. I. 1013, 32, 296. I) K 
P. 228ai9, 242210; abst. C. A. 1912, 8, e039; Chem. Zentr. 1011, 57, I, 49; 
1012, 83, I, 205; Chem, Ztg. Rep. 1011, 35, 3; 1912, 38. .50; Wag. Jahr. 1910, 
58, 1, 464; 1912, 58, 1, 497; Zts. ang, Chem, 1911, 24, 87; 1912, 25, .327. 
E'. P. 4338:16; abst. J. S. C. 1. 1911, 30, 86; 1912, 31, 1211. 

3. Can. P. 170816, 1916; abst. C. A. 1918, 12, 747; Norw. P. 27317 
^916; abst, C. A. 1917, 11, 278. K. duPont, U. S. P. 943661, 1147150; abst 
J. S, C. I. 191,5, 34, 961; Mon. Sci. 1910, 73, 81. E. Ru.ss and L. Ehrlich, 
E. P. 10992, 1912; abst. C. A. 1913, 7, 3,576; J. S. C. 1. 1913, 32, 6.57. F, 
Russ, Zts. ang. Chem. 1912, 25, .586; abst. J, S. C. I, 1912, U, 383. 

4. U. S. P. 10570.52; abst. C. A. 1913, 7, 1788; Mon. Sci. 1013, 79, 
146; Chem. Ztg. Rep. 1913, 37, 447. F. P. 404ft30, 1908; abst. C. A 1911 5, 
1664; Mon. Sci. 1910, 73, 170. Swiss P, 42733, 1908. 

5. Norske Aktiesclskab tor Electrokeniist and B. Halvorsi'n, U. S. P. 
892516; abst. Mon. Sci. 1909, 71, 113; Chem. Ztg. Rep. 1908, 32, 423; F'. P. 
3631.57; abst. Mon. ,Sci. 1907, 67, 92. U. S. P. 910530; abst. C. A. 1909, 
3, 1(06.5; Mon. Sci. 1909, 71, 139. U. S. P. 948726; abst.’ Mon. .Sci 1910 
73, 84? F. P, 380190; abst, Chem. Ztg. Rep. 1907, 31, 6:33? Swiss P. 44092, 
1908. W. Ramsay, E. P. 16067, 16068, 26981, 1907; abst. J. S. C. I. 1908, 
27, 8,56; 1909, 28, 599; C. A. 1909, 3, 2493. Compare W. Ramsay and T. 
Cundall, J. C. S. 1885, 47, 187, 672; 1890, 57, 590. H. Rankin. F. P. 479492; 
abst. J. S. C. I. 1916, 35, 1108. 

6. E. P. ItOOl, 1909; abjt. J. S. C. I. 1910, 28, 999. 

7. Can. P. 142472, 1912; abst. C, A. 1913, 7, 224. T. Young and J. 
Pettigrew, B. P. 1473.5, 1884; abst. J. S. C. I. 1885, 4, 364. 
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similar manner to that of I'. duPont’ by siibyL'Otiiig air in a no'n- 
conchictirg container s>irromide<l by a cooli^ig jacket, to the action 
of a rotj^ting aru extending longitudinally in the container and 
against its inner surface. 11. Dut and S. Sen have shown^ that 
when NO is passe^sl into a suspension of lead peroxide in water, 
a mixture of lead nil''ite and nitrate is formed, a portion of the 
nitrite with an excess of lead peroxide forming the nitrate. The 
Ivlektrochemische Werke'’ use zinc, copper, manganese or lead for 
this same purpose. A. hymn' passed a mixture of O and N over 
fireclay, heated highly by means of gaseous fuel, with or without 
steam, the processes of .Soc. .Anon be Nitrogene,'' and the Salt, 
peter saure'ind. Oes. being somewhat similar.'' 

\V. Phillips has described' a method of obtaining oxide„s of 
nitrogey whereby a hydrocarbon tlaine is spread over a plate and 
a mixture of X and () allowed to travel through this flame at a 
speed greater than the sjieed of the hot gases in the flame. ('■. 
OgstoiT converts waste nitrogen oxides into nitric acid by the 
simultaneous action of compressed air and water vapor. 'I'lie 
processes of h. Ilaeusser'' ('omprise the manufacture of NO from 

I. V. S. P. !l|.s:!72; :il)st. C. .-t. I!)|{l, 4, IIISO; Moa. Sci. ISIIO, 73, IIP; 
Clicin. Ztg. Kcp. Pill), 34, I2ti 

2 J Proe. .-\siatic Soe Bengal, PH 1. NS 10, 2.S7; apsl J. C. S. PH,, 
112, ii, h:,- j. S. C. I. P.H7, 36, .iM.S. Iv To,ye, ('. S. P, I l.'.OP):!, alest, J. 
S C I PH.'i, 34, ll.'i2. Iv Trove and Iv. Ivdwin, P. S. 1' 1122.')r>.'), Is P. 
■174101: al>st, J, S. C. 1. PH.'), 34, IH,:’. 

:! I' P .■i,s.s:!().'i, PIUS; absl. J, S. C. I. PIOK. 27, T!'.); Mon. Sci. PIOl), 
71, I 10, Cliein. Ztg kep. PI0,S, 32, l.')2. 

1 Iv. P. dPil. PH.'i; al)st, |. S': C. 1, PH I. 33, d.')2: C. ,\. PH I. 8, 2!I2(;: 
Chem. Ztg. kep. PH I, 38, 220. 1, Moseicki. lielg, P. 201,H7I, P)07; 21 1202, 
P.KI,S: Svvis'^ P. l.'>l>2H, PIO.S. 

o. Iv. P. 21721. 2.S',I22. PHO; 1 Ull. PHI; ahst, Cliem. Zlg. Rep. PH2, 
36, 271. F, P. 404720. 1000. Swiss P, 4120,H, I4()X2, lOO.S; Swiss P. 17122, 
■ 1000; .lO.'iOii, PHO; .■.070.'i. 

(i, Iv. P. 22210, 1010; ahst. J. S, C. 1. 1011, 30, liS,'). 1''. P. 42027>2, 

PHO; absl. C. A. 1012. 6, 1007, Mon. Sci. P.HI, 75, .■)72; 1012, 79, ,S.S; Cliein. 
ZtK kep P.HI, 35, 202, I). k, P. 2270,St; ;il)st. C, A, 1012, 6, IbOH; Chcin. 

Zentr P.HI, 82, 11, SI2; Cliein. Zlg. Rep. P.HI, 35, 404; Wag Jalir, P.HI. 
57, I, 172; Zts. ang. Chein. P.HI, 24, IS.S2; Zts. .Scliiess. SpreiiK. PHI, 6, 
•111. Belg. P. PH.'iOS. 10127.'), 104277, 1000; 2I17II, lOOK; glO.'l.HO, 1000; 
22.S740, PHO; 224104, 220000, 2.'i000l, 1011. Swiss P. .■)2772, PHO; .'i7.')22, 
P.HI. ’ ’ » 

7 Iv. P 27.').").S, P.HO; absl. C. A. PH2, 6, I'HIO; J. S. C. 1. P.HI, 30, 
1211. Can. p- I27.')ll. PHI; absl. C. A. 1012, 6 , 707. 

K. Iv. P. 2017, 1S02. G. Morilan, Trans. Anier. Ivlectrocliem. Soc. 

1008, 14, IPk 

0. Iv. P. 12H0K, 1007; 27.S20. 1000; abst. C. A. 1011, 5, 270(1;.J. S. C. 
1 PHO, 29, 12.50. 20777, PHO; abst. C. A. rtH2, 6, 1240; J. S. C. 1. PHI, 
30, 1117, 7410, 1014; abst. C. A. 1012, 6, 12-40; J. S. C. 1. 101)5, 34, 8(K). 
k. P. 210.518, 1007; absl. C. A. PHO, 4, 818; Mon. Sci. 1012, 79, 1)57; 



NITRIC ACID 


7D1 


a coiiipresswl explosive mixture of N and () and .a suitable com¬ 
bustible in the I'orm^f a ^’apor or gas, the mixture bein}; exploded 
in a bomb. A. Knowles' purifies elcctrolyticjrily j^eiferated gases 
by means of eatalytically acting substances. 

The methods of h.^Sparre," L. Summers,i*A. Sinding-barsen,' 
Siemens & llylske Akt. Oes.,'’ Iv. vShaeklt'ton," M. Rohmer,’ A. 
Reynoso," ti. Rrytz" and A. I’auling'" are similar in principle to 
those alreadv described. C. Kruuss and P. Staehlin" prepare 

L'hein. Zuntr. 1010. 81, I, 120; Chuni. Zt;;. Itop. 1010, 34, 10; Clicm. Zts 
1010, 9, No. lolil; Jalir. C'tK-in. 1000, S2, I, .'klO; WaR. Jalir. 1000, 55, 1, 
ll.'>; Zts aiiR. Cliotn. 1010, 23, 22S; Zls. Scliiess. .Spi-cnR. 1010, 5, y I J- ts- 
C, I. 1010, 29, 2o, Can. 1‘. lOKioO, 1011; al>st. C. A. 1011,5, lO.SO, K. P. 
KKl.al.'i, 4007.')H, 120112, 100(1-10; aOst. J. S. C. I. 1010, 29, 000; 1011, 30, 
.’100; 1015, 34, SO. Zts. aiiR. Cln.-m. 1000, 19, Otl; Zts. Wr. i)cut. IiiR. 1000, 
50, 20S; 1012, 56, 1157; Cluiii, ZtR. Ki'|). 1010, 34, 250; ahst. Mon. Sci. 
lOlU, 79, .S,S. Iv. P. 7410, 101-1; ahst. J. ,S. C. I. 101.5, 34, S(HI;,C. A. 1012, 
6, l.'ltO. Sta- jilso Mompcl, Ik-r. hSOO, 23, 145,5. K. Pinkli, Zts. atiorR. Chein. 

100.5. 45, 110. 

1. I). K. P. 201.400; ahst. C A. 101.4, 7, .4577; Chim. ZtR. Hop. 101.4, 
37, 448; WaR. Jalir. 1014, 59, I, 510; Zls. aiiR. CHem. 101.4, 26, 440. 

2. f. S. P. 10084.84; ahst. 1. S. C. 1. 1011, 30, 1450; C. A. 1012, 6, 

10.5. P. DuPont, H. P. 17048, 1012; !•'. P. 440200, 1012; ahst. J. .S. C. 1. 

101.4, 32, 141,4.87; C. A. 1014, 8, .402. ■ • 

4. r S. P. 1242204, 1017; ahst. J. .S. C. I. 1017, 36, 12.4.5. 

1. Norw. P. 100.84; ahst. Mon. ,8ci. 1008, 69, 100. ,A. (Iran and P. 
Pass, P. S. P. 8.84010, .884020; ahsl. J. S.\:. I. 100.8, 27, .501; Mon. Sci. lOOO, 
71, 20; Chcin. ZtR. Pc|). 1008, 32, .401. O. Callardcr and iv. I’rvtz. Norw. 
P. 2.8210, 1017; id)st. C. A. 1010, 13, 2.50. J. Stranh, D. H. P. 404002, 1015; 
ahst. J. . 8 . C. I. 101.8, 37, 470-A; Mon. Sci. 101,8, 85, ,50; 1010, 87, 21; Chcni. 
Zentr. 101.8, 89, .587; Chcni. ZtR. Ken. 1018, 42, 72. IvlckinH-hcm. Wcrkc. 
p'. P. .4.8,8405. 100.8; ahst. J. S. C. 1. 100,8. 27, 0.40; Mon. ,Sci. 1000. 71, 10; 
Chcin. ZtR. Kcp. 100.8, 32, 4.52. 

5. li. P. 00.5, 1000; ah.st. j. S. C*. 1. 1000, 28, 1 145. , 

0. K. i’. 070.4, 1001: ahst. J. S. C. I. 100.5, 24, 441. i.ewis, Pk I'. Ai>i)l. 

18474, 1010; J. S. C. I. 1017 36, 2. J. Sockett, Iv. P. 071, 1011; ahst. C. A. 

1012, 6, 1745; J. .S. C. I. 1012, 31, 178. N. Bn.svnld, V. S. P. 1222028, 
1017; ahst. J. S, C. I. 1017, 36, till). 

7. C. .S. P. 1254.544; ahst. C. A. 1018. 12, 747; J. ,S. C. I. 101.8,37, 1.50-A; 
addn. dat(‘d .-April 17, 1014 to P. P. 4.5.4.84.5, 101.4; ahst. J. ,S. C. i. 1015, 34, 
.5.52; Chcin. Ztg. Kcp. 1014, 37, 471. 

.8. p;. P. 2181, 1,874. K. Drawe, f. S. P. 12.84112 101.8; ahst. C. A. 

1010, 13, 10,8. P. Winand, P. .S. P. 10.50.5,81, 1014; J. S. C. I. 101.4, 32, 
001; C. A. 1014, 7, 2110; Chcni. ZtR. Kcp. 1014, 37, .44.5. Atniosplicric 
I’rodiicts Co., p;. 1>. 147S1, 1002; ahst. J. S. C. I. 1!I02, 21, 12,82. Nohcl's 
J‘Alilosivcs Co. and I). Cross, iv. 1’. 24007. lOlO; 00.82, 1011; ahst. J. ,S. C. 1. 
104 1, 30, 1211; C. A. 1012, 6, 1400; Chcni. ZtR. Kep. 1(112, 36, (70. 

0. Dan. P. 212.42, 1010, ahst. C. A. 1010, 10, 2401. 

10. Iv. P. 220.47, 1000; ahsl. J. 8. C. I. *010, 29, 211 ; Chcin. ZtR. Rep. 

1011, 35, .54. 

. 11. Iv, P. 20400, 101.4; ahsl. J. S. C. 1, 1015, 34, ,872. HcIr. P. 201029, 

202.477. lOl.'ii Swiss P. 74128, 1017; P. P. 40.5045; 1). K. P. July 20, 1014; 
ab.5t. C. A. 1014, 8, .4450;A;iicni. Ztg. Kcp. 1014, 38, 470; ahst. J. ,8. C. I. 
1914, 33, .540, Sec also R. von Bcrncck, Can. P. 142408 and 142400; ahst. 
C. A. 101,4, 7, 224. M. Mocst, Can. P. 142470; ahst. C: A. 1914, 7, *24. 
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comi)ound.s of N and O at li’gh temperatures ^nd various pres¬ 
sures by biij-ning fuel in the presence of N aqd O assisted by the 
oxides of chromiun', titanium and uranium. The O. Bruenler 
process is similar.’ According to T. Schloesing, who has pat¬ 
ented a process for so doing,^ and the analogous methods of W. 
Donald,^ tv. Turpin,'’ O. Loiseau,’’ and R. Laing and G. Cossins,” 
oxides of nitrogen are absorbed at temperatures of .‘{00 400° 
from the nitrous vapors issuing from the gases used in the ab¬ 
sorption of sulfuric acid, and are re-oxidized to more available 
forms. 

In' the synthesis of nitric products by means of electric dis- 
cliarges in gaseous mixtures,^ .several discharging sections are 
introduced into one an<l the same circuit in derivation. vSimilur 
exothermic reactions, as the oxidation of nitrogen, may be in-, 
duced by supplying preheated gas to the heating zone of a fur¬ 
nace, and independently arranging around such zone, cooler gas 
adapted to flovv in the same direction as the preheated gas." 
Embodying general ideas similar to those previously mentioned 
for the production of the oxides of nitrogen and their furtlier trans¬ 
formation by processes of oxidation, are patents of C. Krauss and 
P. Staehelin,” E- Ba.s.set,"’0. Carlson," O. Engels and F. nuerre,'- 

Canada Explosives Co,. Can. P. 142472; ahsl. lill.'l, 7, 224. K. v. Berneck, 
.M, Moest ami H. Graf, U. .S. P. 10212;iL abst. C. A. 11)12, 6 , i;{4.'5, Mon. 
,Sci, 11)12, 77, 1.'12. 

1. l.v S. P. 81)8().'!.'L 1!)0,S; abst. C. A. 11)01), 3, .2(12; Mon, .Sci. IDOl), 
71, 114; I. S. C. J. 11)08, 27, 1)82; K. P.t'lDOl, lllOO; abst. J. .S. C, I. IDlHi, 25, 
811. 

2. li, P. 04.'!, 1878. P. P. 4))0.-i28; abst. Chein. 7Ak. Pep. 11)14, 38, 180, 

;j, IJ. P. t)2, 1887; abst. Cliem. Centr. 1888, 59, llOO. 

4. E. P. 4.744, 1881. 

, .7, Swiss P. 44301), 11)08. 

6. Iv. P. 1819, 1801. 

7. J. Kowalski and I. Moscicki, li. P. 20497, 1003; abst. J. S. C. I. 
11)03, 22, 1297. U. S. 7.74147, IDO-l; abst. Mon. Sci. 11104, 61, 128; Chem. 
Zts. 1904, 3, .747), 

8. K. P. 14528, 1911; abst. C. A. 1913, 7, 222; J. S. C. I. 1912, 31, 
49(J. P. P. 43,7733. IJ. S. P. 100.7144; abst. J. S. C. I. 1912, 31, 387, 490; 
C. A. 1913, 7, 2070. 

1). E. P. 20499, 1913; abst, J. S. C. I. 191.7, 34, 872. J). Donnaclitt',' 
E. P. 24332, 1903; ab^t. J. S. C. I. 190-L 23, 98L 

10. E. P. 21475, 1907; abst, J. S. C. I. 1908, 27, 906. 

11. E. P. Appl, 2380, 1918; abst. J. vS. C. I. 1918, 37, A, 111, 

12. D. K. P. 22<H)90; abst, J. S, C. 1. 1911, 30, 84; Mon, .Sci. 1914, 
81, 8(); Chem, Zentr. 1911, 82, 1, 177; Chem, Ztg, Rep, 1910, 34, 0.32; Chem.' 
Zts. 1911, 10, No. 2200; Zts. ang, Chem. 1911, 24, 87; Zts. Scheiss. .Spreng. 
1910, 5, 481. 
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•R. Esnault-Pclterie,' A. Poss,® L. Frederich,’ D. Helbig/ K*. 
Kaiser,‘ C. von Koch,® W. Landis,' f. Moscicki,® iL Niedenfnclir," 
0. Guttmann, H. P^ennig’sche," W. Ramsay, ” H. Ra^^in,' .Sdier- 
fenberg & Prager,'* K. von VietinghoiT-vSchcel,'® and others.'* 

1. K. P. 10027.'); abst. C. A. lOlO, 10, 21.30. . 

2. U. S. P. 1200334, J916; abst. C. A. 1910, M, 3140; J. .S. C. I. 1910. 
35, IKIO. 

3. K. P. .319, 403, 1911; abst. J. ,S. C. I. 1911, 30, 684; C. A. 1911, 5, 
3130; Chcni. Ztg. Rep. 1911, 35, 392. K. P. 27.m 1910; abst. J. .S. C. I. 
1911, 30, 1211; C. A. 1912, 6, 1500. Iv. P. 4208, 1911; abst. j. S. C. I. 
1911, 30, 1211. K. P. 404230; abst. J. .S. C. 1. 1910, 29, 211; P. P. 404720; 
abst. J. vS. C. I. 1910, 29, 211; F. P. 421022; abst. J. S. C. I. 1911, 30, .541; 
Mon. -Sci. 1913, 79, 114. F. P. 421313; abst. J. S. C. 1. 1911, 30, .542, 020; 
C. A. 1912, 8, 1968; Chem. Ztg. Rep. 1911, 35, .305. F. P. 424.598;^bst. J. 
S. C. I. 1911, 30, 084; C. A. 1912, 8, 1909; Mon. Soi. lOl.'i 79, llfk Chein. 
Ztg. Rep. 1911, 35, 303. Swiss 1’. .5030.5 and .542.5.3, addn. thereto. 

4. li. P. 27790, 1907; abst. J. S. C. I. 1008, 27, 817; F. P. .38.5193, 

1!H17; abst. J. S. C. I. 1908, 27, 570. , 

.5. K. P. 12229,2032.5, 1910; abst. C. A. 1911, 4, 2919; 1910, 10, 800; 
J. S. C. 1. 1910, 29, 1300, 1377,1.380; 1911, 30, 1.30; F. P. 3.50900,1904; 41.5970, 
419782, 1910; abst. J. S. C. 1. 1910, 29, 1.300; 1911, 30, 1.30; D. R. P. 181057, 
1904; IJ. S. P. 984925; abst. Zts. ang. Chetn. 1905, 18, 1702; Chem. Ztg. 

1910, 40, 14. 

0. F. P. 4,3,57.3.3, 1911; abst. J. S. C. I. 1912, 31, .385. See C. lillis, 

U. S. P. 1002249, 1911; abst. J. S. C. I. 1911, 30, 1100; U. S. P. 1007083, 

1184839; abst. J. S. C. I. 1911, 30, 1382; 1910, 35, 737. • 

7. IJ. S. P. 12429.53, 1917; abst. J. S. C. I. 1917, 38, 1234. 

8. Iv. P. 3.583, 1900; abst. C. A. 1907, 1, 1462; J. S. C. I. 1'.K)7, 28, 

201. F. P. .309387; abst. J. S. C. 1. 19(fr, 28, 1.57; Mon. .Sci. 1908, 89, 70; 

1911, 75, .571. 15. P. 43.53, 1905; abst. J, S. C. 1. 190,5, 24, 1012. 

9. D. R. P. 1.5.5095; abst. Mon. .Sci. 190.5, 83, .51; Chem. Centr. 1904, 
75, II, 1208; Chem. Ztg. Rep. ltM)4, 28, 1028; Chem. Zts. 190.5, 4, No. 123; 
Jahr. Chem. 19(H, 57, 490; Wag. Jsdtr. 190-1, 50, I, 337; Zts. ang. Chem. 
1905, 18, 105. 

10. 1). R. P. 100709; abst. Chem. Centr. 1905, 78, II. 89; Chem. Ztg. 
Rep. 1905, 29, 095; Chem. Zts. l>XM)f5, No. 59; Zts. ang. Chem. 1905, 18, 
1713. 

11. D. R. P. 229142, 1907; ab.st. C. A. 1911, 5, 2313; Mon. Sei. 1914, 

81, 80; Chem. Zentr. 1911, 82, I, 177; Chem. Ztg. Rep. 1911, 35, 11; Chem. 

Zts. 1911, U, No. 2285; Wag. Jahr. 1911, 57, I, 464; Zts. ang. Chem. 1911, 
24, 37. 

12. 15. P. 26981. 1907; abst. C. A. 1909, 3, 2493; J. S. C. I. 1909, 28, 599. 

13. U. S. P. 1150786, 1915; abst. C. A. 1915, 9, 2099; J. S. C. I. 1915, 

34 900. 

’ 14. I). R. P. 202560, 1907; abst. J. S. C. 1. 1909, 28, 90; Mon. Sci. 
1911, 75, 123; Chem. Zentr. 1!K)8, 79, II, 1549; Chem. Ztg. Rep. 1908, 32, 
572; Jahr. Chem. 1905-1908, 1, 1795; Wag. Jahr. 1908, 54, I, 425; Zts. ang. 
Chem. lSt08, 21, 2.578; Zts. Schiess. Spreng. 1908, 3, 416. 

. 15. D. R. P. 225700, 1908; abst. J. S. C. I. 1910, 29, 1377; Mon. Sci. 
J914, 81, 149; Chem. Zentr. 1910, 81, II, 1007; Chem. Ztg. Rep. 1910, 34, 
498; Chem. Zts. 1910, 9, No. 2130; Jahr. Chem. 1910, 83, II, 185; Wag. Jahr. 
1910, 58, 1, 473; Zts. ang. Chem. 1910, 23, 2189. 

, 10. M. Moest and R. von Ilerneck, 15. P. 190.32, 1911; abst. C. A. 1913, 

7, .540; J. S. f. I. 1911, 30, 1381; J. Soc. Dyers Col. 1911, 27, 240. U. S. P. 
1049754, 1913; abst, J. S. C. I. 1913, 32, M2; C. A. 1913, 7, 871; Mon. Sci. 
1913, 79, 99. Farb. Meister, l.ucius u. Briining, E. P. 3062, 1913 ; 9974 
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(j. I'aylor, J. Caj)]js and A. CdolidRc' have recorded detailed 
experinicilUd studies on the production of nitric acid from nitro- 
j;en oxides| II. Rousset- has prepared a hisft')rical article on the 
inannfactute of nitro^fen compounds lav hiolojjical methofls, while 
F. Ray, M. Dev and J. (Iho.slF have studied the velocity of de¬ 
composition and dissiiK'iation cmistants of .nitrous acid. li. Briner 
and K. IhinuicF have iiivestijjated the conditions of formation of 
nitrous and nitric acids from nitrogen oxides and water hv em¬ 
ploying the laws of mass action at widely varying limits of pres 
sure and temperature. Ilaueser' has experimented upon the 
combustion of nitrogen by oxidizing gas mixtures, coupled with 
sudden cooliigg. The eleetrothermic combustion of atmospheric 
nitrogen has been made the subject of a critical study by 1'. 
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.Mon. Sei. 191.1. 79, Ig.S, C \';uitiii, li, P. .19:19, 1909; ahst. C. 1911, 5, 
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niami. Die Elektrisclien Licliterscheinungen iind HnlTadiinRen, 1898, 27)2. 
,A. Honna, A. l,e Royer and P. van Bercheiii, D. R. P. 92.292, 1,890; alist. 
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Ztg. •Rep. 1910, 34, ,5,50; Jahr. Chem. 1910, 63, I, 581>Wag. Jahr. 1910, 
56, I, 477; Zts. ang. Chem. 1910, 23, 2292; Zts. Schiess. Sjireng. 1910, 5, 442. 
228426, abst. Mon. Sci. 1914, 81, .85; Chem. Zenlr. 1910, 81, 11, 1694; Chem. 
Ztg. Rep. 1910, 34, .581; Jahr. Chem. 1910, 63, ,585; Wag. Jahr. 1910, 56, 
I,,479; Zts, ang. Chem. 1910, 23, 2337; Zts. Schicss. Spreng. 1910, 5, 481. 
229142, abst. Mon. Sci. 1914, 81, 86; Chem. Zentr. 1911, 82, I, 177; Chem. 
Ztg. Rep. 1911, 35, 11; Chem. Zts. 1911, 10, 2285; Wag. Jahr. 1911, 57, I, 
464; Zts. ang. Chem. 1911, 24, 87; Zts. Schiess. Spreng. 1911, 6, 96. 229780, 
ab.st. Mon. Sci. 1914, 81, 84; Chem. Zentr. 1911, 82, I, 274; Chem. Ztg? 
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fulness in the- arts, was a 'irroblem offering, successful solution. 
Rep. 1011,-35, t:i; Chem. Zls. 1911, 10, UllT,'!; Zts. aiif;. Cliem. 1911, 24, 
281. 2:1(1012. abst. .Mon. Sci. 1914, 81, 84; Chem. Zentr. 1911, 82, I, '.iru ', 
Cltcm. Ztfi^ Rep. 1911, 35, tiO; Was. Jalir. 1911, 57, 1, 4(i,a; Zts. ans. Chem. 
1911. 24, 281; Zts. Scliie.ss. .Sprens. 1911, 6, l.M. 2;i(ll70; ahst. \inii. Sei. 
1914, 81, 81; Chem, .Zentr. 19! I, 82, 1, Chem. ZtS- Rep. 1911, 35, (Ui; 
Was. Jahr. 1911. 57, I, 498; Zts, ang. Chem- 1911, 24, 281; Zts. .Sehiess. 
Sineng. 1911, 6, 7,1. 2:l!.149. airst. .Mon. ,Sci. 191.'), 82, .19; Chem. Zentr., 
1911, 82, I. 797; Chem. Ztg. Rep. 1911, 35, III; Chem. Zts. 1911, 10, 27)91; 
Wag. Jahr. 1911. 57, I, 471; Zts. ang. Chem. 1911, 24, 7)9.1; Zts. .Sehiess. 
Spreng. Itlll. 6, 17)7. 2:>I,S9."), ahst. Chem, Zentr. 1911, 82, I, 87)2; Chem. 

Ztg. Rep. 1911, 35, 127; Wag. Jahr, 1911, 57, 1, 471; Zts. ang, Chem. 1911, 
24, ,19."). 2:12.199. 1997; abst. C'hem. Zentr. 1911, 82, I. 1018; Chem. Ztg. 

Rei). 1911, 35, 1,80; Wag. Tahr. 1911, 57, 1, 491; Zts, ang. Chem. 1911, 24, 
.8.17); C. 1911, 5, 2709. See also 1). R. 1>. 2I.S8i:i. 2:i2929, abst. Chem. 

Zentr,. 1911. t,% I, 10,89; Chem. Ztg. Rep. 1911, 35, 22:1; Chem. Zts. 1912, 
11, 2921; Wag. Jahr. 1911, 57, I, 197: Zts. ang. Chem. 1911, 24, ,8.19, Zts. 
.Sehiess, S|)reng, 1911, 6, 1.19. 2:1:1729, 1910; abst. Chem. Zentr. 1911, 82, 

1, i:i,88: Chem. Ztg Rep. 1911. 35, 271; Wag. Jahr. 191 I. 57, 1. 199; Zts. ang. 
Chem. 1911. 24, 949; Zts. .Sehiess, Spreng, 1911, 8, 2:12: J. S. C. I. 1911, 30, 
747. 2:1.1997, ahst. Chem. Zentr. 1911, 82, 1, I ll.)9; Chern. Ztg, Re]). 1911, 

35, 2:14: Wag. Jahr. 1911, 57, 1, 497; Zls, ang. Chem. 1911, 24, t00:i; Zts, 

.e'chiess. Spreng. 1911, 6, 2:12, 2:i;i9,82, abst, Chem. Zentr. 1911, 82, 1, 1499; 

Cheiti. Ztg. Rep. 1911, 35, 292; Wag. Jahr. 1911. 57, 1. 497: Zts, Sdiiess. 
.Spreng. 1911, 8, 2:12. 2:>.1299, abst. Chem, Zentr. 1911, 82, 11. Ill; Chem. 

Ztg. Re|), 1911, 35, .'112; Wag. Jahr, 1911, 57, 1, 494; Zts ang, Chem. 1911, 

24, 1444; Zts, .Sehiess. Spreng, 1911, 8, :i:14. 2:17,192; abst. C. .A. 1912, 8, 

I. 108: Chem. Zentr. 1911, 82, II. ,812; Chem. Ztg. Ri'p 1911, 35, 19.8; Wag. 

Jahr. 1911, 57, I, 498; Zts. ang. Chem. 1911, 24, 17.82; Zts. Seliiess. Spreng. 
lull, 8, :i.l4. 2.17799. abst. C. .A. 4.912, 8, 1.17.1; Chem. Zentr, 1911, 82, 11.920; 

Chem. Ztg. Rep. I!l| I, 35, .lo:i; Wag. Jahr. 1911, 57, I. 491; Zts, ang, Chem. 
1911, 24, l,88:i. 2:18:199, abst. C. .A. 1912, 8, 199:i; Chem, Zentr. 1911, 82, 

II, 1007; Chem. Ztg. Rep. Mill, 35, .129; Wag. Jahr. 1911. 57, 1. 49.8; Zls. 

ang. Chem. 1911, 24, 2029; Zts. Sehiess, Spreng 1911, 8, 411. 2:1.8.199, 

abst. C. .A. 1912. 8, 1971; Chem. Zentr. 1911, 82, II, 11,81; Chem. Ztg. Re|). 

1911. 35, 7)21; Wag, Jahr. 1911, 57, I, 429; Zls. ang. Chem. 1911, 24, 207,8. 
2422,8,8, abst. C. A. 1912. 8, 21.1.1; Cllem. Zentr. 1912, 83, I. 299; Chem. Ztg. 
Rep. 1912, 38, 4:i: Wag. Jahr. 1912, 58, I, 41.1, Zts. ang. Chem. 1912, 

25, :i28; Zts. Sehiess. .Spreng. 1912, 7, 1,8.1. 24:1.840, abst. C. A. 1912, 6 , 

2299; Chem. Zentr. 1912, 83, I, ,89.1; Chem. Ztg. Rep. 1912, 38, 1.19; Wag. 
Jahr. 1912, 58, I, 417; Zls. ang. Chem. 1912, 25, ,199; Zts. Seliiess. Spreng. 
4912, 7, 1,8.1. 244:192, abst. C. A. 1912, 8, 22l.'i; Chem Zentr, 1912, 83, 
I, 9.1.8; Chem. Ztg. Rep 1912. 38, 20:i; Wag. Jahr. 1912, 58, I, 4 19; Zls. ang. 
Chem 1912,25,748. 244K40, abst. C. A. 1912, 8 , 22l:i; Chem Zentr. 1912, 

83, I, 1192: Chem. Ztg. Rep. 1912, 38, 2:14; Wag. Jahr, 1912. 58, I, 419; 
Zts. ang. Chem. 1912, 25, .8,18; Zts. Sehiess. S|)reng. 1912, 7, 22(i. 24,1492, 

abst, C. A. 1912, 8, 2.102; Chem. Zentr, I!II2, 83, 1, 1409; Chem, Ztg. Rep, 

1912, 38, 297; Wag. Jahr. 1912, 58, I, 420; Zts. ang, Chem. 1912. 25, I I II. 
24991.1, abst. C. A, 1912, 8, 2.104; Chem. Zentr. 1912, 83, I, 1872; Chem. 
Ztg. Rep. 1912, 38»:i02; Wag. Jahr, 1912, 58, I, 421; Zts. ang. Chem. Rll2, 
25, 1949. 249712, abst. C. A. 1912, 8, 27)04; Chem. Zentr. 1912, 83, I, 1.872; 
Chem. Ztg. Rep. 1912, 38, :i(<2; Wag, Jahr. 1912, 58, I, 420; Zts. ang, Chem. 
1912, 25, 1948; Zls. .Sehiess. Spreng, 1912, 7, 248, 248290, abst. C. A. 1912, 
8, 2978; Chem. Zentr, 1912, 83, II. 208; Chem. Ztg. Rep. 1912, 36, tOo; 
Wag. Jahr. 1912, 58, 1, :i.8.1: Zts. ang. Chem. 1912, 25, 1947.- 249:128, abst. 
C. A. 1912, 6, 298-1; Chem. Zentr. 1912, 83, IK, 494; Chem. Ztg. Rep. 1912, 

36, 492; Wag. Jahr. 1912, 58, I, 419; Zts. ang. Ciiem. 1912, 25, 1949. 2498.19, 
;(l)st. C. A. 1912, 6, :I170; Chem. Zentr. 1912, 83, II, 9.11; Chem. Ztg. Rep. 
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Nitrogen Monoxide. Nitrous ^oxide, is a plcasanr 

m2, 3S, -1S1; WUK- Jahr. 1912. 58, I. r)09; Xt.s. aiiR. Chtan. 1912. 25, 1929. 
2r>8295. abst. C. A. f9ia. 7, 2999; Choin. Zrnir. 1912, •84, I. 1479; 
Chem. ZtR. Rt'p. 1912, 37, 2.77; Wa^^ Jahr. 191.2, 5S, M '/ks. ang. Clicin. 

191.2. 26, 29(5. 2.7.9925, 1912; ahst. J. S, C. I. 191.2, 32, (559; C. A. 1912, 7, 

2S.29; Chem. Zeiitr. 191.2, 84, I, J729; CluMii. Ztg. Kcp. 1912, 37, 217; Wag. 
Fahr. 1912. 59, I. 422; Zts. ang. ClR-m. 1912. 26, .2()r. 2i>l)124. ahst. C. A. 
1912, 7, 2095; Chem. Zonir. 1912. 84, 11. 102; Ch?n>. Ztg. Kip. 1912, 37, 
2.22; Wag. jahr. 1912, 59, I, 420; Zts. aiig. Chnii. 1912, 26, .2.92. 2(51027, 
ahst. C. A.' 1912, 7, 2207; Mon. Sd. 191(5, 83, 79; Chem. Zi-nlr, 1912, 84, 
II. 1S8; Chem. Zlg. Rep. 1912. 37, 2.79; Wag. Jahr. 191.2, 59, 1, 120; Zts. 
nng. Clieia. 1912, 26, 412. 2024(51, ahst. C. .A. 1912, 7, .255X; Chem. Zenlr. 
1912. 84, II. 021; Chem. Zlg. Rep. 1912, 37, 404; Wag. Jahr. 1912, 59, 1. 421. 
Zls. ang. Ciiein. 1912, 26, 519; Zts. Scliiess. Spreug. 1912. 8, 29(5. 20(5245; 
ahst. C. A. 1914. 8, 204; Chem. Zenlr. 1912, 84, 11, 1714; Clu>m. Zlg. Rep. 
1912, 37, (5.24; Wag. Jahr. 1912. 59, 1. 121; Zls. ang. Chem. 1912, £6, (591. 
2(57971. ah.st. C. A. 1914. 8, 1292; Chem. Zenlr. 1914, 85, I.•199; Ch(*m. Ztg. 
Rep. 1914, 38, 11; Wag. Jahr. 1912, 59, I. 122; Zts. ang. Oiem. 1914, 27, 
19, 207971, ahst. C. A. 1914, 8, 999; Moii. Sei. 1917, 84, .24; Chem. Zenlr, 
1911, 85, I. 199; Chem. Ztg. Rep. )9I.2, 37, (595; Wag. ^ahr. 1912, 59, 1. 
122; Zts. aiig. Chem. 1914, 27, 49. J. AIsop, I*. 105.29, 19(^1; India K. 

Appl. 299. 1904. (). Heiuier, 1.). R. R. Anm. 14-000.7(5; ahst. Chem. Ztg. 

191.2, 37, P, rinnlt. Austral. V. 15405. 1909. W. Seoll. K. P, 12(5159. 1920. 
P. (Kiyc, V. S. P. 1.22110.7. 1920; ahst. C. A. J92(). 14, 1190. J. Island. 
Austral. P. 10222, I!ll2. Meister, I.neiiis 9; Unining, Anst. P. Amn. .2.705, 
1911; ahst. Chem. Ztg. 1912.37,(52. Can. P. 112409. 1121(59, 142470, 1912. 
M. Moest, R. Muller, von Berneck and Meister, hueius ^ Brhning, I'. S. P. 
1049754. 1912; ahst. Cliem. Ztg. 191-2, 37, 215. I. Md^eieki, Austral. P. 
9.21(5, 1907: 12940, PH19. A. Navilli\ P. and C. Gtive, !{. P, (5155. 1909; 
1«. I'. .295509. 1907: a!)st. J. S. C. I. 190.Si 27, (527. 910 Norsk Hydru-l'lek- 
trisk Kvoelslofaktieselskuh, P. 1.2d)71. 1920; Can, P. 195.225, 1909. R. 
Pearson and II. Parks, IC P. 1.20(592. 1919; al)sl. C. 1920. 14, 10-2. W. 
Phillips. K. P. 275.79, 1910 ; 4209, 1911; Austral. P. 244(5. 2147. 1911. W, 
Phillips and |. Bnlleel, Swiss P. 57525; al>s(. Cliem. Zlg. 1912, 37, 14. C. 
Rossi, Ital. R 292 00 124141; ahst* Chem. Zlg. 1912, 37, 200. C. S. P. 
12(50717. 1919; ahst. J. S. C. I. 1919. 37, .707-A. K. Russ and T.. l-hrlieh, 
I*. P. 10992. 1912; ahst. J. S. C. 1. 1^)12. 32, 0.77. 1C Scott and K. Howies. 
Can. P. 199100. 1920. C. Toniohi. 1C P. 12702(5. P.(20. Verein. Chem. 
I'ahrik. Mannheiin. IC P. 4725(57. 1914; ahst. J. S. C, I. 191.7, 34, 492, 

1. C. Antoine, Compt. rend. 1999.107, 779. 9.20; Jahr. Chem. 1999.41, 
179. P. Austen, Am. Chem. J. 1999. 11, 172. If. Bassett, Chem. News. 199(5, 
53, 172; ahst. Jahr. Chem. 199(), 33, 145. II. Becciuerel, Compt. reml. 1990, 
90, 1407; al>st. Jahr. Chem. 1990. 33, 177. M. Bellali and S. l.nssana, Zls. 
Phys. Chem. 1990, 5, 291. C. Bender, Her. 197.2, 6, 0(55; Jahr. Chem. 1972, 
26, 9. P. Bert. Compt. rend. 1979, 87, 729; ahst. Jahr. Chem. 1979, 31, 
1007. M. Berthelot. Coiiit>t. rend. 1972, 77, 1449; ahst. Hull. Soe. Chem. 
197(5, (2l. 26, 101; Jahr. Chem. 1974, 27, 221. Compt. rend. 1990, 90, 779; 
ahst. Jahr. Chem. 1990, 33, IIS. M. lierthelot anil Vieille, Com]>t. rend. 
1994 . 98, 545, 001; ahst. Jalir. Chem. 1894. 37, 90; Bull. Soc. Chem. 1994, 
*{2J, 4L OAt. I,. BleeknMle, Proo. Roy. S«k.'. 1994 , 37, 229; ahst. Jahr. Chem. 
1.^94 , 37, 284. h. Boll/inann, Wien. Akad. Ber. 197-I*. 69, 795; ahst. Jahr. 
Chem. 1971, 27, 142. 11. Butt and A. Hofmann. Ann. 1900. 113, 127; ahst. 
Jahr. Chem. 1900. 13, 20. h. Cailletet, Cdlnpl. rend. 1992. 94, (522. G. 
Cardone, J. chim. mtal. 1920, 2, 122; Sehw. 36, 244. P. Caseneuve, Chem. 
“Centr. 1995. 56, 241; Dingl. Poly. J. 1995. 257, 425; J. phann. chim. 1995. 
(5), 11, 07;^ahr. Chem. 1995. 38, 41(). Chevrier, Compt, rend. 1909, 69, 
120. J. Clemencie, Wien. Akad. Bor. 1985, 19, 712. J. Dalton, Amt. Phil. 
9, 180; 10, 28. H. Davy, Chem. ami Philos. Researches, I^ondon, 1800. 

%■> 
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smelling gas of sweetish taste, which may be formed by dissolv- 
Debray, Compt. rerld. 1882, 94, 62»f.' Ueiman, .Sober. JT 7,200. C. Despretz, 
Compt. rend.,1849,28, 14.'i;ab.st. Jahr. Chem. 1849,2, 256. J. Dewar, Chem. 
News, 1885, 51, 27; abst. Jahr. Chem. 1885, 38, 60. J. Donath, Wien. Akad. 
Ber. 1877, 7^, 506. Ber. 1877, 10, 766; abst. J. C. S. 1877, 32, 400. K. Dorn, 
Wied. Ann. 1881, 13, .378. J. Dumas, Compt, rend. 1848, 27, 463; Ann. 1848, 
68, 224; Jahr. Chem. 1847-1848,1,382. Cahour, I,econ jde Chim. 185.5,1,114. 
0. V. Dumreicher, Wien; Akad. Ber. 1880, 82, 560; abst. Chem. Centr. 1880, 
51, 594, 682, 697, 715; Jahr..Chem. 1880, 33, 267. M. Faraday, Ann. Chim. 
Phys. 1845, (3), 15, 2,57, 276; Ann. 184.5, 56, 1.53; Berz. Jahr. 1846, 25, 22; 
1847, 26, 32. P. Favre, Ann. Chim. Phys. 1874, (5), 1, 20!). F. Folyet and 
T, Blanche, Compt. rend. 1873, 77, ,59; abst. Jahr. Chem. 1873, 26, 218. 
li. Fremy, Compt. rend. 1870, 70, 61; abst. Jahr. Chem. 1870, 23, 27^ J. 
Gay, Compt. rend. 1879, 89, 410. L. Gay-Lussac, Ann. Chim. Phys. 1816, 
(2), 1, 394; Gilb. Ann. 1818, 58, 29. Ann. Chim. Phys. 1848, (3),' 23, 229; 
abst. Jahr. Chem. 1847-1848, 1,382. G. GelTcken, gts. phys. Chem. 1901, 49, 
2,57. G, Campa,n, .5mi. Chim. farm. (4), 8 , 2,53; abst. Jahr. Checn. 1888, 
41, .505, V. Gordon, Zts. phys. Chem. 1.89,5, 18, 1. W. Grove, Ann, 1847, 
63, 1; abst. Jahr. Chem. 1847- 1.848, 1, 326. L. Grmmnach, ,Sitzb. Kgl. 
preuss Akad. 1904,, 1198; abst, Chem. Centr. 1904, 75, 11, 875. P. Guye and 
S. Bogdam, Compt. rend. 1904, 138, 1494. F. Hatton, J. C. ,8. 1881, 39, 
247; abst. Jahr. Chem. 1881, 34, 1141. W, Hempel, Ber. 1882, 15, 903, 
W. Henry, .Manche.ster Mem. 1824, (2), 4; Ann. Phil. 24, 299,344; Kast. 
Arch. 3, 223. L. Hermann, Reicherts ami Dubois-Rcymonds Arch. 1804, .521. 
abst. Jahr. Chem. 186.5, 18, 662; Chem. Centr. 1865, 36, 1121. A. Hofmann; 
Ber. 1882, 15, 26.5g; abst. Jahr. Chem. 1882, 35, 208. G. Hiifner, Wied. 
Ann. 1897, 60, 134. M. Hunter, Zts. phys. Chem. 1905, 53, 441. J. Jeans, 
Phil. Mag. HKM, (0), 8 , 692. A. Joanni.s, Compt. rend. 1894,118,713; abst. 
Jahr. Chem. 1894, 47 , 428. P. v. Jolly, Pogg. Ann. 1874,82, (Jubelbd.). F. 
Jolyet and T. Blanehe, Compt. rend. 1.873, 77, 59. A. Joquerod and S. 
Bogdan, Comid. rend. 1904, 139, 4,9. li. Keiser, Am. Chem. J. 1886, 8, 
92. G. Kemp, Chem. News, 1895, 71, 108. W. Kna|), Der. Kreislauf des 
Stofles. 1868, 1 , 88. C. Kuhlinann, Dingl. Poly. 1.874 , 211, 24. A. Kundt, 
Pogg. Ann. 1868, 135, 3.57. Langer and Meyer, Pyr(K-heiniscln‘ I'nterss. 
Braun,schweig, 1885, 65. G. Lechartier. Compt. rend. 1.879, 89, 30.8. F. 
Linde, Wied. Ann. 189,5, 56, .546; ab.st. Jahr. Chem. 1,895, 48, 76. G, Lunge, 
Ber. 1881, 14, 2188. F. Mareek, Jahr. Chem. 1885, 38, 3.55. Maseart, 
Compt. rend. 1874, 78, 617, 679; abst.'Jahr, Chem. 1874, 27, 149, 150. L. 
Meyer, Ann. .Suppl. 1867, 5, 129. f). Meyer, Pogg, Ann, 1.871, 143, 14. 
V. Meyer, Ann. 187.5, 175, 1-11, O. Meyer and F. .Springmiihl, Pogg. Ann. 
1873, 148, 520. li. Millon, J. Pharni. 1842, 2, 179. C. Montemaj'tini, Jahr. 
Chem. 1891, 44, 426. Natterer, Pogg. Ann. 1844, 62, 133; abst. Berz. Jahr. 
1846, 25, .5.3. Ann. 184.5, 54, 2.54. A. Naumann, Ann. Suppl. 1867, 5, 2.52. 
G. Newth, Proc. Chem. Srre. 1900, 16, ,87; abst. Chem. Centr. 1900, 71, 1, 
1063, A. Pleisehl, Schweigg. J. 1823, 38, 461. F'. Raschig, Jahr. Chem. 
1887, 40, 414. J. Regnault, Jahr. Chem. 186.3, 16, 66, 70. W. Roth, Zts. 
phy.s. Chem. 1897,24, 114. li. Soubeiran, Ann. 1838, 28, 59. 1,.. Necker 

de Sau.ssure, Bibliothcque Brit. 1809, 42, .55. H. .SchiO, Ann. 1861, 118, 
84; abst. Jahr. Chem. 1861, 14, 1.52. T. Schlosing, Compt. rend. 1868, 66, 
237. W. .Smith, D. R. P. 71279; abst. J. ,S. C. I. 1893, 12, 10; Jahr, Chem. 
1893, 46, 337. W. Smith and W. lilmore, J. S, C. I. 1892, 11, 63,3. J. Thil6, 
Chem. Ztg. 1894, 18, .532, 743. J. Thomsen, Ber. 1873, 6, 1.53.3; abst. Jahr. 
Chem. 1872, 25, 67. A. Thum,,Monatsh. Chem. 1893, 14,294. A. Wagner, 
Zts, anal. Chem. 1882, 21, 374. A. Wankh’n and W. Cooper, Phil. Mag. 
1878, (.51,6,288; abst. Jahr. Chem. 1878, 31, 277. li. Warburg and K. Re- 
gener, Sitz. Kgl. preu.ss. Akad. 1904, 1228. E. Wiedemann, -Pogg. Ann. 
1876, 157, 1. Wied. Ann. 1882, 17, .349. A. Wiillner, Wied. Ann. 1878, 
4, 321; abst. Jahr. Chom. 1878, 31, 73. W. Zorn, Ber. 1882, 15, 12.58. 
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ing zinc and other metals in dilute ijitric acid;' by the decomposi¬ 
tion of ammonium nitrate on heating;^ by heating sodium nitrate 
to 240° with an excess of ammonium sulfuJe;" apd in great 
purity by allowing a quantity of the liquefied gas to evaporate 
partially, collecting the gas evolved from the residue, which is 
free from nitrogen.'* , 

I'lie specific gravity of this gas is l..'52!)7“ or L.^OOI,* and when 
li(jueficd, has a specific gravity at 0° of 0.!)0()0,’ boils at —80.8° 
and freezes at —108.7°.'* Its critical temiwrature is given as 
jj 7°,9 -jj;;fio Nitrous oxide has been prepared in the .solid state 
like snow.'" Copper" and potassium'" when strongly heatad with 
nitrous oxide, are oxidized, nitrogen being formed. ‘Mitrous oxide 
decomposes explosively under the impulse of a violent shock.'" 
Forms an unstable crystalline hydrate with wattr at low tem¬ 
peratures.''' R. Marston produces nitrous oxide'" by passing a 

1. G. I.unKi-, Her. 1881, 14, 2190 

2. W. Smith, J. S. C. I. 1892, 11, 807; 18H;i, 12, 10. C. Torley and 
O. Matter, E. P. 11828, 1913; abst. J. S. C. I. 1913, 32, 807; C. A. 1914, 8, 
3021, n. R. P. 270009; abst. Chem. Zentr. 1914, 85, 11, 30,1; Chem. Zty. 
Rep. 1914, 38, 430; Wag. Jahr. 1914, 60, I, 440; Zts. an& Chem. 1914, 27, 
020; F. P. 4.')93S,''), 1913; abst. J. S. C. 1. 1913, 32, 1150. 

3. A. Eidow, J. Russ. Phys. Chem. Soe. 1903, 35, .59; abst. Jahr. 
Chem. 1903. 56, 37.5; Chem. Centr. 1903,«, I, 808. 

4. P. Villard, Compt. rend. 1894, 118, 1090; abst. Jahr. Chem. 1894, 
47, 438; Ber. 1894, 27, -101. Compt. rend. 1888, 106, 1002; 1894, 119, 308; 
Ami. Chim. Phys. 1897, (7), 11, 289. 

5. Rayleigh, Proc. Roy. .Soc. 1897, 62, 204; 190.5, 74,' 440; Nature, 
1904, 70, .523; Zts. phys. Chem. 1900, 52, 70.5; Chem. Centr. 190.5, 76, I, 
914; J. C. vS. 190.5, 88 , ii, 232. 

0. A. Leduc, Compt, rend. 18(^7, 125, 571; Ann. Chim. Phys. 1898, 
(7), 15, 1. Compt. rend. 190.5, 140, 1412. L. Carius, Ann. 18.5.5, 94, 140; 
abst. Jahr. Chem. 185.5, 8, 280. See also Roth, Zts. phys. Chem. 1897, 24, 
' 114. 

7. 15. Andrcef, Ann. 18.59. 110, 1; abst. Jahr. Chem. 18.59; 12, 19; 
Ann. Chim. Phys. 18.59, (3), 56, 317; Chem. Centr. 18.59, 30, 535; Bnli. Sp<:. 
Chim. 18.59, B, 1, 19. 

8. W. Ramsay and J. .Shichts, J. C. ,S. 1893, 63, 8;i3; abst. Jahr. Chem. 
1893, 46, 33. 

9. I.. Caillctet and E. Matliias, J. dc Physique, 1880, (2), 5, 549. 
Compt. rend. 1880, 102, 1202. 

10. T. Wills, J. C. vS. 1874, 27, 21. P. Gnyc and A. Pintza, Compt. 
rend. 1904, 139, 677; 190.5, 141, 51. 

• 11. P. Sabatier and J. Senderens, Compt. rend. 1895, 120, 618, 1212; 
19(6, 135, 278; abst. Bull. Soc. Chim. 1895, (3), 13, 870; Jahr. Chem. 1896, 
4S 559 500 

’ 12.’ W. Holt and W. Sims, J. C. S. 1891, 65, 432. J. Mills, J. Phys. 
Chem. 1906, 10, 1. 

• 13. E. Maquenne, Compt. rend. 1895, 121, 424. 

14. P. Vniard, Compt..rend. 1888, 106, 1602; 1894, 118, 646. Sec also 
Hermann, Jahr. Chem. 1865, 662. 

15. E. P. 4080, 1899. 
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■■mixture of air and ammonia thnniKli a heated retort eoiitaiiiinK 
eopper, redueihj; the oxules‘formed to nitrons oxide, by passing 
the gases over moist iron shavings. R. I'iCtet' has found that 
in a mixture of N and O, nitrous oxide is found in large amounts 
in certain points in a flame, and may lie withdrawn from the 
hottest zone, with fapid cooling in order to prevent its decomiJo- 
sition.- 

A. Warner'' purifies nitrous oxide liy |)a.ssing tlie gas .snt'ces- 
sivelv into solutions of potassium permanganate, lb',' NaOlI and 
a solution containing 2b' , sulfuric acid. 

Nitrogen Dioxide.' Nitric tixide, ' No, Anhydride of Nitro- 

l!i I). K.. r, L’L’Ii.sr.:, IUIKS: ah'.!. C. .\ IIHI, S, I.'.OI, .M,m ,Sei. lill l. 
81, .S(i; Cheiii, /eu!r lUbl, 81, II, Clieiii ZtK, be|i, I'.iKI, 34, .■>1:!; 
Jahr. Cliein. I'.IIU, 83, I, aSII, Wai;, Jahr. ilHO, 56, I, 17,; Zls. aiiR. Cliem. 
I!b(), 23, Z.is. Seliie'.s, Spreiis. bUO. 5, 4-11. 

2 I, Winkler. Zls. phvs. Chein IPOti. 55, ll-ll: Clu'in. L.'eiitr IPOli. 
77, I. l.M'l, V, KolilseluieUer and K. \oK<lt, Her HMI.-,. 38, lllU, 'Jimd 
C. ^'riedln■im. Her. l!MI.■l, 38, t’.'i.'C’. 11. .Moissnn and 1’. I.ebean. Cnnipl 

rend. HlO.a. 140, 1,77a: alisl. Chein, Centr, I'M).'), 76, II, 21).'). M, llnrUer, 
J. I’liys, Cliem HIOll, 10," .■i:)ll; ahst. Chein. Centr, I'.IDii. 77, II, 4,s.“i. I, 
Thiiiniinsini, Cherii. News, IPI17. 95, .SO, absl Chein. Ceiilr. I!i07. 78, I. ddll. 

Kiiederer. Hull. Poe. Chiin. blllli, ..■1), 35, 7lii; alisl Chein. Centr. lunil, 
77, tr. Ili;:i. 

:! I S. I'. Idl.vi.lt. lUH); ahst, C. .\. 11b'.), 13, 21),S2: J. S. C I 11)11), 
38, SlS-^.X, F<ir •'yntiiclif f(»riii;ilmii oj' nitrous o.xidf, set- C Maliynon, 
Conipt. rcrul. I'.MlI, 154, aiisj j, S, C . I. 11M2, 31, IS*i, ilic najIiikw 
of N in tlu‘ X '(> iias lict-n disoussed 1)\- \\’. Xt)Vis. Sri. 50, IX); ulist. 
C. A. 13,*li7d W. Hall, Sri. hill*, 50, L’d'd; ahsi. C. A. liM'). 13, 2471. 

I (). Towrr. Hrr. l'.H)7). 38, Iv !'■is^•llrr and II. Marx, Urr. 

39, 2.V)7; m07, 40, Hd; Chrin. Zty. ItMUi. 30, I2'.M \V Mutlinianii 
and H. Hofrr, Hrr. ]!ltld. 36, Ids. \\', Xrriist. Zlv aiior^ Chrin. IdOd. 49, 
2ld. K. (iiav, J. C S. IdO.'), 87, Iddt. ahst Clirni. Centr. t'.tOd, 76, 11, 14. 
A. Jactjtirrod and (), Srhrurr, Conipt, I'^ nd I'dUd, 140, IdX 1. K. Jrllinck, Zls. 
anor^r Chrm. Hiflt). 49, 22‘> I.uiiKr and F. Hrrl. Chrin. Zlvj. I‘idl, 28, I24d. 
I*' Rasc'hi^, Zts. an^- Clirm. 18, 12SI; (..'hrin. Cnitr. 1!KI7>, 76, 11, Hd2. 

H. Mois'^on and V. lAlirau. Compt. rend 140, 17)7d; Cliini. Phys. 

IhOd. (Si, 9, 221: ahst. Chrin. Criitr. l!H)o. 76, II. 2dd. 2P2. H. LrBianr 
afnl \V. Nuraiirii. ZIn. I'drrlrorlirni. i'dOC*, 12, .711; ahst, Chrin. Crntr. 

77, II, hit); Jahr. Chrin. I‘.)l)7 IDO.S, I, 17.V). W . Manrhol an<l K. Zrrhrnl- 
inryrr. Ann. IhOfC 350, ddS; Chrm. Crntr. I!i07. 78, I. titlS. \'. Koldsrhurt- 
trr au<l M. KnlsrhrrolT, Hrr. iPOr, 40, S7d. j Siind and O. Huij^rr, Her, 
I'.KX), 39, 1771 

7. 1*. Andrews and P. Jiiit. Pum.'. Roy Sor. ISdO, 10, 24/; ahst. Jahr. 

Chrin. ISdO. 13, dl. H. Auclrn and (V. I'owirr. Chrm. Xrws. 1S<)7, 72, 
lt)d; al>st. Jahr. Chrm. IS!I7. 48, 7lil, P. Anstrn, Am. Chrin. J. I.SSt), 11, 
172; Chrm. News, 59, 20.X; Jahr. Chrm. 1SS<), 42, .ddd. 11. Hakrr, 

Chrm. News, ISPl. 69, 271); ahst. Jahr. Chrm. IX‘M, 47, 2tt7; J. C. S. I.Ht)4, 
65, dll. A. lialard, .Ann. Cl»m. Phys. IXd4, 57, 227; alist. Ann. iXdo, 14, 
lti7, 2PX. Baxlrr and C. llirkrv, A.n. Cluni. J. l!)0r), 33, dOO; abst. 
Chrm. Crntr Pdl)7, 76, I, I2PP. M. Brrthrlol. Compt. rriul. l.STd. 77, 
M4S; abst. Jahr. Chrm. 1X74, 27, 221. Compt. rrnd. l.H7(). Idtil); abst. 
Jahr. Clirni. lS7ti, 29, Hi7; abst. Bull. Sor. Chim* lX7b. (2). 26, l()l. Compt. 
rend. 1X77, 85, 1017, IXXO, 90, 77!); IXXI, 93, tild; ISX4, 98, 717. Stat. 
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lydroxylamic Acid, is prepared by tli^ action of nitric acid upon 

'him. 2t 145, 153, Ifil. M. Berthclot and P. Viiille, Compt. rend. 1884, 

8» 545, 001; abst. Jahr.* Chcm. 1884, 37, IK). A. Besson, CcTmpt. rend. 

889, 108, 1012; abst. Jalir. Chem. 1889, 42, 407. C.*Bohimt, Zts. anal. 
!hcm. 1882. 212; abst. Jahr. Chem. 1882. 35, 1270. (V Bruylants, Bcr. 
87(i. 9, 7. H. Buff and A. Ilofman, Ann. 1800, 113, 138; abst. Jahr. Chem. 
800, 33, 20. L. Caillctet, Compt. rend. 1877, 85, 10^,0; abst. Jjihr. Chem. 
877, 30, 221. Calberla, Jahr. Chem. 1808, 21, 883. L. Carius, Ann. 1855, 
4, 138; abst. Jahr. Chem. 18.55, 8 , 280. A Cavazzi, Zts. anal. Chem. 1882. 

1, .573. K. Chapman, J. C. vS. 1807, 5, 100; abst. Jahr. Chem. 1807, 20, 

77. G. Chesneau, Compt. rend. 1899, 129, 100; abst. Jahr. Chem. 1899, 

2, 709. Chevrier, Compt. rend. 1809, 69, 130, S. Cooke, Chem. News, 

888, 58, 103, 130, 1.5.5; abst. Jahr. Chem. 1888. 41, .397. 403, ,500. J. Dal- 
on. Ann. 1832, 4, 101; Gill). Ann. 1818.58, 79. Davy, C. Sehonbein, J. 
>rakt. Chera. 1800, 81, 205. 11. Delbruek, J. prakt. Chem. 1847, 41, 101. 

I. Deville and P. Wohler, Ami. 18.58, 105, 09. J. Dewar. Chem. l^ews, 
891, 69, 39. II. Dixon and J. IVterkiii, J. C. S. 1899, 75, 01.1. 1C Drivers, 
.'hem. News, 1898, 78, 314; abst. Jahr. Chem. 1898, 51, 433. K. Divers 
md T. HaKa, J. C. S. 1885, 47, 301; abst. Jahr. Chem. 1885, 38, 419; J. C. S. 

88.5, 47, 032; abst. Jahr. Chem. 1885, 38, 414. J. Ihiliertaner. Sehw. J. 
813, 8, 239. Iv. Drcchscl, Ber. 1887, 20, 14.50. O. v. DnmroichNf. Wien. 
Vkad. Ber. (2 abtlR.) 1880. 82, 500; abst. Jahr. Chem. 1880, 33, 207. P. 
vniieh, Monatsh. Chem. 1892, 13, 73, 80, 90, 015; 1894, 15, .375; abst. Jahr. 
I'hem. 1892, 45, .583. M. Paraday, Pogn. Ami. 1K14. 33, 149. O. Prohlich, 
\nn.- 1884, 224, 270; abst. Jahr. Chem. 1884, 37, 3.57. A. Cavazzi, Zts. 
uial. Chem. 1882, 2iy 573. J. Gay, Compt. rend. 1879, 89, 410; abst. Jahr. 
Jhem. 1879, 32, 212. Bull. Soe. Cliiin. 188.5, (2), 44, 175; a^st. Jahr. Chem. 

188.5, 38, 417. L. Gay*bus,sac, Ann. Chini. Phys. 1848, (3), 23, 229; abst. 
Jahr. Chem. 1847-1848, 1, 382. Sehw. J. 7, 299. R. (iray, Proe. Chem. 
V)c, 1903, 66; alist. Chem. Centr. 1903, 74^ i, 912: Chem. News, 1903, 87, 
151; Jahr. Chem. 190.3, 56, 370. T. Gray, J. 8. C. I. 1898, 17, 741, 829; 
:il)st. Jahr. Chem. 1898, 51, 4.34. W. Grove, Ann. 1847, 63, 1; abst. Jahr. 
Chem. 18*17 1818, 1, 320. R. Hare, J. Pharm. 1839, 25, .397. 1'. Hatton, 
J. C. S. 1881, 39, 247; abst. Jahr. Chem. 1881. 34, 1141. W. Henry. Thom¬ 
son, Ann. Phil. 1824, 8, 299, 344; Ann. Chini. Phys. 18.34, (2), 26, 304; Man. 
Phil 8oc. Mein. 1824, 4, 499; Trommsdorff. NC J. dc Pharm. 1825, 10, 
(St- 2), 1.5; 1820), 12, (vSt. 2), 214; Kast>. Arch. 3, 223. 1. Hermann, Jahr. 
Chem. 1805, 18, (>0.3. W. Hodgkiiisoii and P. l.owndes, Chem. News, 1888, 
58, 187; abst. Jahr. Chem. 1.888, 33, (iOO. A. Joaniiis, Compt. rend. 1894, 
118, 713; abst. Jahr. Chem. 1814. 47, 428. II. Kammcrer, Her. 1877, 10, 
H)84. G. Knorre and K. Arndt, Ber. 1.899. 32, 2130. V. Kohlsehiitter and 
M. KutscherofT, Ber. 1904, 37, 3(44, .'10.5.3; abst. Chem. Centr. 19(4, 75,, 
II, 1194. K. Kuhliiiaun, Ann. 1839, 29, 372; IK-ll, 39, 319; Ann. Chim. 
Phys. 1841, (3), 2, 110. Dingl. J»oly. 1874,211,24; nb.st. Jahr. Chem. 1.874, 
27, 214. A. Ladenburg and C. Kriigel, Ber. 1899, 32, 1818. H. Laiidolt, 
Jahr. Chem. 1800. 13, 102. Ixconte, Ann. Chim. Phys. 1847. (3). 21, 180; 
abst. Jahr. Chem. 1847-1848, 1, .3.80. G. IJveing and J. Dewar, Phil. Mag. 
1892, (5), 34, 205; abst. Jahr. Chem, 1892, 45, 4()4. G. bunge, Ber. 1878, 
11, 1229; 1881, 14, 2190; abst. Jahr. Chem. 1881, 34, ISO; Chem. Ind. 1881, 
4, 345; Ber. 1885, 18, 1384; Zls. anorg. Chem. 1894 , 7, 209; Zts. ang. Chem. 
1890, *13, .597; Chem. Tech. Unters. Meth. 1899. I, 301. *G. Tyimge and G. 
Porschnew, Zts. anorg. Chem. 1894, 7, 209. IC. Ma.scart, Compt. rend. 1874, 
78, 617; abst. Jahr. Chem. 1874, 27, 149. O. Nrcyer, Pogg. Ann. 1871, 143, 
14. V. Meyer, Ann. 1887. 240, 320; abst. Ber. 1887, 20, 1832. J. Milner, 
Cr#ll’s Ann. 1795, 1, 5.54; PhU. Trans. 1789, 79, 300. C. Monlemartini, 
Jahr. Chem. 1891, 44, 420. 11. Morse and J. White, Am. Chem. J. 1891, 
14, 314; abst. Jahr. Chem. 1891, 44, 511. K. Olszewski, Compt. rend. 1885, 
100, 940; abst. Jahr. Chem. 1885, 38, 144; Phil. Mag. 1895, (5). 39. 188^ 
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copper foil or tuniincs;* by, allowing a concentrated solution of 
sodium nitrite to drop into a IICl solution of a ferrous salt;^ by 
mixing a ferrocyanide, nitrite and acetic acid;“ acting upon mer¬ 
cury with sulfuric and nitric acids;'' by electrolysis of dilute 
nitric acid;^ by employing around the reaction zone of an elec- 
Jahr. Chem. 1895, 48, 88. I! PeliKOt. Ann. 18134, 9, 2.59. J. IVlouze, Ann. 
Chim. I’hy.s. 1885, SO, 1(12. K. I’ictct, Clicm. Ztg. 189.5, 19, 425. K. Kas- 
cliig, Jahr. Chem. 1887, 40, 414 VV. Ramsay and J. Cundali, J. C. S. 1885, 
47, (172; abst. Jabr. Chem. 1885, 39, 425. H. Reinscli, Bcrz. Jalir. 1845, 
24, 49. J. prakt. Chcm. 1,818, 28, 891. V, Regnault, Jahr. Chcm. 18.58, 
S, 79. A. Richardson, J. C. S. 1887, 51, 897; abst. Jahr. Chem. 1887, 40, 
404. W. Russell and W. Lapraik, J. C. 8 1877, 32, 11, 85; abst. Jahr. Chem. 
1877, 30, 221. P. Sabatier and J. Seiider.-ns, Compt. rend. 1,892, 114, 1429, 
1470; abst, Jahr. Chem. 1892, 45, 5,80. Compt. rend. 189.5, 120, 11,58; abst, 
Jahr. Chem, 1895, 48, 502. Compt. rend. 1902, 135, 278; abst. Chem. 
Centr. 1902, 73, II, 085. C. Schonbein, J. prakt. Chem. 1800, 81, 205. J. 
Schlosing, Ann. Chim. Phys. 18,54, (8), 40, 479; abst. Jahr. Chem. 18.5-1, 7, 
724. .Schulmeis'ter, Wien. Akad. Her. 83, 45. R. Smith, Chem. News, 1,879, 
39, 77; abst. Jahr. Chem. 1879, 32, 72. C. Than. Ber. 1889, 22, 109, O. 
Thomas, Compt. rend. 1899. 129, 82,8; abst. lahr. Chem. 1899, 52, 718. 
V. Thomas, Compt. rend. 1895, 120, 447; 189.5, 121, 128, 201; 1890, 123, 948; 
1.897, 124,800; 1899, 129, •.82,8; Bull. .S<k-. Chim. 1895, (8), 13, 1009; abst. Jahr. 
Chem. 1895,48^785. R. Threlfall, Phil. Mag. 1887, (5). 23, 228; abst. Jahr. 
Chem. 1887, 40, 211. V. Veley, Proc. Roy. Soe. 1892, 52, 27; abst. Jahr. 
Chem. 1892, 45, 591. G. Ville, Ann. Chim. Phys. 1,8.5,5, (8), 46, 820; abst. 
Jahr. Chem. 18.5,5, 8, 795. A. Wagner, Zts. anal. Chem. 1879, 18, .5.52; abst. 
Jahr. Chem. 1879, 32, 1034. H. Warburg and K. Rcgener, Sitzungsber. 
preuss. .Akad. 190-1, 1228. R. Weber, Ann. Phys. 1807, 130, 277. H. Wil- 
farth, Landw. Vers. 1888, 29, 489; abst. Jahr. Chem. 1888, 36, 1,589. C. 
Winkler, Zts. Chem. 1809, 12, 715. L. Winkler, Zts. physik. Chem 1892, 
9, 171; abst. Jahr. Chem. 1892, 45, LSIi. S. Zimmermann, .Monatsli. Chem. 
190.5, 26, 1277. K. W'ourtzel, Compt. rend. 1920, 170, 229. 

1. J. Ackworth, J. C. S. 187.5; 28, 828; abst. Jahr. Chem. 1875, 28, 
178. A. .Senier, Pro<’. Chem. Soc. 1900, 16, 227. A. Lediic, Compt. rend. 
1898,116,828. IC. Millon, Compt. r«nd. 1812, 14, 908. L. Carius, Ann. 1,8.55, 
94, 188. H. Kammerer, Bor. 1885, 18, 8004. H. Moisson, Compt. rend. 
1908, 137, 808. 

2. J. Thiele, Ami. 1889, 253, ,240; Jahr. Chem. 1,889, 42, 401. 1,. 
Gay-Lussac, Ann. Chim. Phys. 1848, (8), 23, 229; abst. Jahr Chem. 1847- 
.181,8, 1, 882. J. Matuschek, Chem. Ztg. 1905, 29, 81; Chem. Centr. 1905, 
76, I, 495. 

3. C. Deventer, Ber. 1898, 26, .5,89. G. Lunge, Ber. 1878, 11, 1229. 
1). Johnstone, Chem. News, 1,882, 45, 1,59. M, Chikachige, Chem. News, 
1895, 71, 10. 

4. R. Emich, Monatsh. 1892, 13, 78; Jahr. Chem. 1.892, 45, ,582. 

5. Karbwerke vorm. Meister, Lucius and Briining, K. P. 10522, 1911; 
abst, J.S. C. I. 1911,32,9.55; C. A. 1911,5,:I828; E.P. 1.5948,1911; abst. C. A, 
1918,7,228; J.S.C 1,1912,31,775; E. P. 19032,1911; abst. J.S. C. 1.1911,20, 
9.80, 1381; C. A. f913, 7, .540; J. vSoc. Dyers Col. 1911, 27, 240; U. fe. P. 
10497,54, 1913; abst. J. .S. C. I. 1918, 32, 142; C. A. 1913, 7, 871; Mon. Sci. 
1913, 79, 99. F. P. 4286,57; abst. J. S C. I. 1911, 30, 1101; Mon. Sei. 1913, 
79, 125; D. R. P. 244302; U. S. P. 1021234; abst. J. ,S. C. I. 1912, 31, 386; 
C. A. 1912, 6, 1845; Mon. Sci. 1912, 77, 132; Aust. P. .59LV1. See also Faib.- 
werke Hochst, E. P. 4280.57, 1911; abst. J. ,S. C. I. 1911,40, 1161; abst. 
C. A. 1912, 6, 2213; Chem. Zentr. 1912, S3, I, 9.58; Chem. Ztg. Rep. 1912, 
|6, 203; Wag. Jahr. 1912, 58, 1, 410; Zts. ang. Chem. 1912, 25, 748. 
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trie arc, an atmosphere rich in oxygej, and around this, one of 
atmospheric air;' or by the use of electrodes made of ahiminium 
and iron.* * • • 

Nitric oxide is a colorless gas of sp. gr. 1,0387,’ while according 
to P. Guye,^ and P. Guyc and C. Davila,’ one liter weighs 1.3402 
gm., and boils at —l.W.C®.® It forms a cobrless liquid, colored 
Blue by a trace of higher oxide,’ while according to J. Dewar* the 
liquid is blue and the solid colorless. Does not combine with 
oxygen when both are dry,’ but combines explosively with liquid 
oxygen."* Nitric oxide is extremely stable when heated," decom¬ 
position being very slight at 900°. When exposed to a sharp 
shock'* it is resolved into its elements. * 

Complete combustion of thegas'takes place when it is passed 
with hydrogen through a heated platinum capillary tube,” or 
over finely divided nickel above 180°.'* 

1. Norsk Hydrorrlcktrisk Kvaelstof .Aklicsclskal), 1^. S. I’. 1111301; 
alist. C. A, 1014, 8, SXU'k Mon. Sci. 1914, 81, 179. . 

2. C. Rossi, H. P. 239.59, 1913; abst. J. S. C. 1. 1914, 33, 11,54; F. P. 

4C3821, 1913; abst. J. S. C. I. 1914, 33, 421; C, A. 1914, 8, 3103; Mon. Sci. 
1916, 83, 10; Chem, 7Ag. Rep. 1914, 38, 344. , 

3. A. Lediic, Compt. rend. 1893, 116, 322. G. Daccomo and V. Meyer, 
Ann. 1887, 240, 326. P. Guye and C. Davila, Compt. rend. 190.5, 141, 826. 
R. Gray, Proc. C. S. 1903, 19, 66; Chem. Uentr. lOlU, I, 912. G. UveinR 
and J. Dewar, Phil. Mag. 1892, (5), 34, 20.5. A. Naumann, Ann. Suppl. 
1867, 5, 252. J. Jeans. Phil. Mag. 1894, (8), 8, 692. J. Thomsen, Ber. 1880, 
13, 4il8. M. Berthelot, Compt. rend. 1880, 90, 779. R. Threlfall, Phil. 
Mag. 1887, (.5), 23, 233; Jahr. Chem. 1887, 40, 211. 

4. I’roc. Chem. Soc. 1903, 19, 66. • 

5. Compt. rend. 1905, 141, 826. 

6. K. Olszewski, Compt. rend, 188.5, 100, 940. 

7. Travers, “Exp. Study of Gases,’”l901, 244. 

8. J. Dewar, Proo. Chem. Soc. 1895, 11, 225; Ber. 188.5, 18, 1384. 

9. H. Baker, J. C. S. 1894, 65, 613. 

10. J. Dewar, Proc. Chem. Soc, 1895, 11, 22.5. 

11. F. limich, Monatsh. 1892, 13, 78, 61.5. 

12. M. Berthelot, Compt. rend. 1881, 93, 613. 

13. G. Knorre and K. Arndt, Ber. 18119, 32, 2130. 

14. P. Sabatier and J. Senderens, Compt. rend. 1902, 135, 278. See 
also H. Auden and G. Fowler, Chem. News, 1895, 72, 103. E. Sell, Ber. 
1874, 7, 1522. E. Divers, J. C. S. 1899, 55, 92. C. Oppenheimer, Ber. 
1903, 3o, 1744. P. Sabatier and J. Senderens, Comi)t. rend. 1895, 120, 11.58. 
G. Daccomo and V. Meyer, Ann, 1887, 240, 326. R. Picket, F'. P. 415594; 
abst C. A, 1912, 6, 1966; Mon. Sci. 1911, 75, 573; 1913, 79, 82; Chem. Ztg. 
Rep. 1910, 34, 561. D. R. P. 226867; abst. J. S. C. 1. lOlT), 29, 1250; Mon. 
Sci. 1914, M, 80; Chem. Zentr. 1910, 81, 11, 1,345;Chem. Ztg. Rep. 1910, 34, 
543; Jahr. Chem. 1910, 63, 1, .580; Wag. Jahr. ItftO, 56, I, 477; Zts. ang. 
Chem. 1910,23,2292. H. Dixon and J. Peterkin, J. C, S. 1899,75, 613. K. 
Pinckh and W. Nemst, Zts. anorg. Chem. 1905, 45, T16; abst. J. S. C. I. 
1905, 24, 693; Zti. ang. Chem. J905, 18, 1773. For nitric oxide from internal 
combustion engines, see R. Drawe, U. S. P. 1283112, 1918; abst. C. A. 1919, 
13, 168. K. Jcllinek, Zts. anorg. Chem. 1906, 49, 229; abst. J. C. S. 1906, 



7Ui TliCIINOI.OGY or CIvLUr'I.OHIJ KSTliRs’ 


Nitrogen Trioxide. Mitrous anliyclridc,' N.O;,, is formed 
when eleetric discharges are jrassed tlirongh liquid air;- when 
arsenioiiS oxide is treated with nitric acid of sp. gr. l.li.j, or starch 
by an acid of sp_. gr. l.MIJ,'’ nitrogen trioxide is ecolvcd. It is 
completely absorl/cd by concentrated sulfuric acid, forming nitro- 
sylsulfuric acid,^ an'd by sodium hydroxide solution, forming 
sodium nitrite.’’ This oxide is also produced by the direct union 
of nitric oxide and solid nitrogen ]>eroxide,® and of oxygen with 

90, ii, 4)37. Iu)r the r;ito of oxidation of NO, see It. Briner and K. Fridori, 
Helvetica Chim. Acta. IdlS, 1, LSI ; abst. C. A. I!)19. 13, 100. W. Nernsl, 
Xts. Itlektrcxdiein. lOOO, 12, ’>27, 7H4; Zts. anorg. Chein. 1900, 49, 210, 207. 
Zls. IvlektrocWin, 1907, 13, '>21; 1910, 1$, 90. 

1. M. Bertlielot, Ann. Chini. Fhys. 1S7S, (f)), 14, 207; abst. Jalir. 

Chein. 1S7S. 31, 221. Coinpt. rend. ISsi), SO, 779, alisl. Jalir. Client. ISSO, 

33, ns. h'. Birlians, Compt. rend. ISS9. 10$, 03; abst. Jahr. Chein. 1SS9, 

42, 402i»' I). Brewster. Ann. 1S3)3, 28, 3S.>. H. Dixon and J. Peterkin 

J. C. S. 1S99, 75, 013. P. Uulimg and A. Petit. Ann. Chiin. Phys. 1810, 2, 
240. k. Francesconi and N, Sciacca. (iaz. ohini. ital. 1904, 34, i. 447; abst. 
Chein. Ceiitr. I9(H. 75t; 11, 397. It. Freniy, Coinpt. rend. 1S70, 70, 01; 
abst. Jahr. Chem. 1S70, 23, 272. J. Frit/.sehe, J. prakt. Chein. 1840, 19, 
179. R. Gaines. Cheni. News, ISS.3, 48, 97; abst. Jahr. Chein. ISS3, 36, 307. 
D. Oernez, Ct^inpl. rend. IS7S, 8$, 1549; abst. Jahr. Chem. 1S7S, 31, 21. 
A. Geuther. Ann ISSS, 245, 90. A. (renther and A. Michaelis, Her. 1S71, 

4, 700. R. Giitisberg, Wien. Akad. Ber. 1S73, 68, 11, 49S; abst Jahr. Chem. 

JS73, 26, 2lS. C. Husenbach, prakt. Chem. 1871, 112, 1; abst. Am. J. Sei. 
1S71, (3), 2, 3ti2; Bull. Sik:. Chim. 1S71, l2), 16,230; Jahr. Chem. 1S71, 24, 
237. S. Helbi)s^ Alii. Acad, ilei Unce,i. 1902, (5), U, 11.57; 1903, 12, I. 100. 
Gaz. chim. ilul. 1903 , 33, 454. D. Huizinga, Jahr. Chem. 1807, 20, 179; see 

also Ann. 1S72, 161, 2)32. B. kiljeiistern and L. Marchlewski, Zts. anor. 

Chem 1S!)4, 5, 2SS; alist. Jahr. Chem. 1S94, 47, 442. F7 Fuck, Zls. anal. 
Chem. 1S09, 8, 402; abst. Jahr, Chem. 1S09, 22, 1S3; Chem. Centr. 1S70, 
41, 501. G. Lunge. Ber. 1S7S. 11, .,1229, 1041; 1S79, 12, )357; ISS2, 15, 495; 
1SS5, 18, 1370, 1)3X4; abst. Dingl. I’oly. IS79. 233, 03. G. lamge and (V 
Porschnew. Zts. ung. Chem. 1894, 7, 209; abst. Jahr. Chem. 1894, 47, 440. 
A. Neuburger, Zts. ang. Chem. 1905, 18, 18-13. W. Nylander, Jahr. Chem- 
1800,19, 141. It- Peligot, .Ann. 1847. 39, )327. C. Rammehsberg, Ber. 1872, 

5, .310. W. Rainsav, J. C. S. 1888, 53, 021. Zls. ])hysik. Chem. 1890, 5, 
221; abst. Jahr. Chem. 1890, 43, 48)i; J. C. vS, 1890, 57, 590; Chem. News. 
1894, 70, 187. W. Ramsay and J. Cundall, J. C. S. 1885, 47, 187, 072; abst. 
Jahr. Chein. 1885, 38, 425. SlreifT, Ber. 1872, 5, 285; abst. Jahr. Chem. 1872, 
2$, ISIl. Thomsi'ii, TlKTinoclicm. Unters, 2, 199. T. Thorpe and A. Tut- 
ton, J. C. .S, 1X91, 59, 1019. O. Witt, Her. 1X7X, 11, 76(i; 1X79, 12, flXS. 
Is'. Wittorf, Zts. aiiors- Cliciti. 190.'), 41, X,'). Iv Wourl/.i'l, Compt, rend, 
loai, 170, 1U9; abst, J. C. .S. 192(1, 118, ii, lOX, 171. 

2. I). Helhig, Atti. K. Acad. I.incci, 1002, (.'i), 11, II, .57; 190:i.(.5), 

12, I, lOO; abst. Jahr. Chem. 1902, 55, :jX0; IflOX, 56, .•17(1, 381, * 

3. G. I.unge, Her. 1X7X, 11, 1041; abst, Jahr. Chem. 1X7X, 31, 220. 

4. Iv. Divers, J, C. if. 1X99, 75, Kli; abst. jahr. Chem. 1.S99, $2, 4,50. 

,5. O. Witt, Her. 1X7X, 11, 7.50; 1879, 12, 21XX. W. Kamsay and J. 

Cundall, J. C. S. IXX.5, 47, 1X7, 072. A. Geuther, Ann, IXXX, 245, 001.,, G. 

I. unge and G. Porschnew, Zts anorg. Cheng 1X94, 7, ZOO* H. Dixon and 

J, Peterkin, J. C. .S. 1X99, 75, 014. 

0. N. von WittorIT, Zls. anorg. Chem. 1904, 41, Xo. 
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liquid nitric oxide.' Nitrogen triox*de apparently exists in an 
isomeric- or polymetic' form. A recent patent' deScribes the 
preparation of concentrated nitrogen trioxide from diTute nitrous 
gases, with the simultaneous formation of pure,nitrates. 

Nitrogen Tetroxide. Nitrogen Dioxide, •Nitrogen Peroxide, 
Ilypoazotid, Nitroxin, NO-i,'’ is the red iiimes given off when 

1. b. t'raiiccsconi and H. Seiacea, Claz. oliiiii. ilal. U((M, 34, i, 447; 
abst. Jahr. Cliem. lt'04, 57, 4R0. M. Itcrlhelot, Compt. rend, bSIHI, 129, 
1.47. (4. Baiiine and M. Rnbert, Conipt. rend. 169, abst. C. A. 
I'm 14, 701; J. S. C. I. 1020, 39, 01-A. 

2. tf. and M. Baker, Chein. News, lOl.'i, 107, o; J C, S. 1!I07, 91, 
I,S02; 1012, 101, 2:j;i0; alisl. J. S. C. 1. 1007. 26, I27(i; 101.4, 32, .S.4. H.-l!aker 
and K. Strutt, Her. 1014, 47, 1040; abst. J. S. C. I. 1014, 33, .4HS. H.•Baker, 
IC. Tiede, R, Strutt and 1C. Domeke, Ber. 1014, 47, 22S.4; abst. J. C. ,S. 1014, 
106, ii, 724. 

4. B. Junes, J. C. S. 1014, 105, 2410; abst. J. S. C. k 1014, 33, 121X1, 
See also A. Rgerton, J. C. S. 1014, 105, 047. 1). Helbi.t;, (',az. «;hiin. ital. 
100,4, 33, 4.71; abst. Chem. Ztt;. 1004, 27, 202; J. S. C. I. 1004, 22, 110.4. I'. 
RaschiK, Zts. anor);. Chem. 101.4, 84, 1 l.a; Zts. ang. Chem. lOO."), 18, 12,S, 12.SI; 
1007, 20, 000, 1010. O. Schmidt and R. Boeker^ Ber. lOlXi, 39, 1.40S. H. 
I.eBIanc, Zts. IClektrcKdiem. 1000, 13, .111. (1. bunge, Zts. ang. Chem. 1000, 
007; 1007, 20, 1710. G. Klinger, Zts. ang. Chem. 1014, 27, 7. 1C. Muller, 
Zts. anorg. Chem. 1012, 76, 2.40. 

4. C. Schlarb, 1). R. I’. 244H.40. 101X1; abst. C. A. lOlS, 6 , 2200; Chem. 
Zentr. 1012, 83, I, .SO;',; Chem, Ztg, Rep. 1012, 36, 171; Wag. Jahr. 1012, 
58, 1, 4.'>7; Zts. ang. Chem. 1012, 25, .40;',; 4). R. I>. 24.4.S02, lOIXt; abst. C. A. 
1012, 6, 2200; Chem. Zentr. 1012, 83, I, 400; Chem. Ztg. Rep. 1012, 36, 
170; Wag. Jahr. 1012, 58, 1, 418; Zt.s. ang. Chem. 1012, 25, ;'>00; Zts. .Si-hiess, 
Spreng. 1012, 7, 14.4. Aust. i’. Anm. 2427, 1011. 

5, b. Bell, Am. Chem. J. 1.S8.'). 7, 42; abst. Jahr. Chem. 18.87,, 38, 

424. M. Bertheint, Compt. rend. 187*1, 77, 1448; 1,880, 90, 770; 1801, 1344; 
1.80.8, 127, 84; Bull. Sw. Chim. 1-874, (2), 21, .44; Jahr. Chem. 1874, 27, 220, 
221; 1880, 33, 118; 1.801, 44, 7,18. M Berthelot and J. Ogier, Compt. rend. 
18.82, 94, 010; abst. Jahr. Chem. 18.82, 35, 114. .'\. Besson, Compt. rend. 

18.80, 108, 1012; 1800, 123, .'ll; abst. Bull. Sue. Chim. 1,880, (4), 1, 771. b. 
Bleekrode, Wied. Ann. 1.878, 3, 101; abst. Jahr. Chem. bS78, 31, 14.8. J. 
Boguski, Compt. rend. 18,80, 109, 804; abst. Zts. physik. Chem. 1890, 5, 00; 
Jahr. Chem. 1880, 42, 200; 1.800, 43, 410. O. Bruni and P. Berti, Atti. accad. 
dei bincei (Roma), 1000, (.'ll, 9, 1, ,421; abst. Gaz. ehim. ital. 1000, 30, 11, 

1. 'll; Chem. Centr. 1000, 71, 11, 80. J. Cundall, J. C. ,8. 1807), 67, 710; Chem. 
News, 1807), 72, 7)0; Jahr. Chem. 180;'), 48, .407, H. Deville and 1,. Troost, 
Compt. rend. 1.807, 64, 247; abst. Jahr. Chem. 1807, 20, 177. IC. Divers, 
Proe. Chem. .Sue. 1004, 19, 284; abst. J. C. S. 1004 , 85, 110. IC. Divers and 
T. Si-himidzu, J. C S. 188.'), 47, IBO; Jahr. Chem. 188,''), 38, 42,8. C. Drion, 
Ann. Chim. Phys. 1.8;')0, (4), 56, .I; abst. Jahr, Chem. IB-aO. 12, 18. C. Duis- 
Wurg, Zts. atig, Chem. 1807, 10, 402. P. Dulong, Ann. Chim. Phys. 1810, 

2, 317; abst. Gilb. Ann. 181.8, 58, .'si. A. ICxner, Wieu.*Akad. Ber. (2 abt.) 
1872, 65, 120; abst. Jahr. Chem. 1872, 25, 101, J. Kritzsehe, J. prakt. Chem. 
1841, 22, 21. I,. Kriedbiirg, Chem. News. IBM. 47, ry2; abst. Jahr. Chem. 
1884, 36, 407. C. Pelieiani, Phys. Zts. lOO.'i, 6, 20; abst. Chem. Centr. 100.'), 
76, 1, 441. P. Krankland and R. Farmer, J. C. S. 1901, 79, Bt.aO; abst. Chem. 
Centr. 1902, 73, I, 7. P. Fy.'er and G. Highley, Am. Chem. J. 1800, 21, 477. 
b. Gay-bussac, Ann. Chim. Phys. 1810, 1, 404; Gilb. Ann. 1818. 58, 20. 
A. Gcuther, J. prakt. Chem. 1874, 116, 87>1; abst. Jahr. Chem 1874, 26, 240. 
Ann. 1888, 245, 00. A. Geulher and A. Miehaelis, Her. 1871, 4, 700. C. 
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nitric oxide comes in contact with oxygen Qr air, or by gently 
heating a mixture of nitric and sulfuric acids of definite concen¬ 
trations;' also by nixing the fumes from nitric acid and arsenious 


Girard and A. Pabst. Brdl. Soc. Chim. 1878, (2), 30, .'>,31; abst. Jahr. Chem. 
1878, 31, 223. J. Gladiitone, Chcm. News, 1887, 55, 3B0. U. Gernez, Conipt. 
rend. 1872, 74, 405; abst. Jahr. Cheni. 1872, 25, 137. R. Giinsberg, Wien. 
Akad. Her. 187.3, 88, 41)8: A. Giintz, Bull. Soc. Chim. 1892, (.3), 7, 275; 
abst Tahr. Chem. 1892. 45, 745 C. Hasenbach, J. prakt. Chem. 1871, 112, 



141, 1,57: Arch, ph. Nat, 33, 2,58; Jahr. Chem. 1.870, 23, 172. Iv. Luck, 
Zts anal Chci.i 1809, 8, 402; abst. Zts. Chem, 1870, 13, 287. Zts. anal. 
Chem 1874, 13, 2.55. G. Lunge, Ber, 1878, U, 1229; 1,8.82, 15, 488. G. 
I unce and ii. Weintranb, Zts. ang. Chem, 1899, 39, 417. J. Sudborough 
and J. Millar, J..C. S. 1891, 59, 270; abst. Jahr. Chem. 1891, 44, 427. G. 
Magnanim and G. Malaginiii, .Mti. Accad. dei Lincei, 1897, (5), 6 , 11, 22; 
abst. Chem. Centr. 1897, 68, 11, 400. V. Meyers, Ann. 1,874, 171, 5. K. 
Miilier Ann. 1802, 122, 1. A, Nadejdin, Gaz. chim. ital. 1884, 14, .548; 
Ann Phvs Beibl. 1.88.5, 9, 721; abst. Jahr. Chem. 188,5, 38, 1.58. K. and L. 
Natansoii, Wied. Ann. 18.8.5, 24, 4.54; 1880, 27, 000. A. Naumann, Ann. 
Sunni 1808 6 , 20.3. W. Nernst, Boltzmann Kest.sehrifl, 1904 , 904. S. and 
A Neumann, Ber. 1878, 11, 201,5. W. Nylander, Zts. Chem. 1800, 9, 00; 
abst lahr Cheth. 1800, 19, 141. J. Ogier, Analyse des gaz. 80. W. Osl- 
Wahi ICS 1892, 61, 242, abst. Jahr, Chem. 1892, 45, 3.89. O. Pdoty and 
B Schwerin Ber. 1901, 34, 1884. K. Peligot, Ann. Chim. Phys. 1.8,3.3, 54, 
l7-'i8.35 58’ 87- Ann. 1834, 9, 259; 1841, 39, 327. C. Hasenbaeh, J, prakt. 
Chem 1871 112, 1. L. Playfair and J. Wanklyn, J. C. .S. 1862, 15, 142; 
Ann iso*' 122. 245. A. Richardson, J. C. S. 18,87, 51, .397; abst. Jahr. Chem. 
1887 40 "403 w. Ramsay, J. C. S. 1.88.8, 53, 021; 1890, 57, .590; Zts. physik. 
Chem 1889, 3, 00; 1890, 5, 221; Chem. News, 1890, 61, 91; Jahr. Chem. 
18,88 41 117' 1889, 407. VV. Ramsay and J. Cundall, J. C. S. 1885, 47, 
07‘^ ’ c/Salet Compt. rend. 1808, 67, 488. A. .SemcnolT, Zts. Chem. 1,8(M, 
7 129- abst Jahr. Chem. 1.804, 17, 480. C. Schonbein, Pogg, Ann. 1848, 
73 320- abst Jahr. Chem. 1847-1848, 1, 333 J. prakt. Chem. 18,52, 55, 
140 ' p’ Sabatier and J. Senderens, Compt. rend. 1.892, 115, 2.30; Ann. Chim. 
Phvs 1890 (7), 7, .348; abst. Jahr. Chein. 1892, 45, .594; 1890, 49, 411. J. 
ThL'isen, Ber. 1872. 5, .508. D Tommasi, Bull. Chun 1872, (2), 17, 
.390- Compt rend. 1872, 74, 98.. L. furpm, Ber. 1882, 15, 2940. L. Tas¬ 
sel ’CompL rend. 1890, 110, 1204; abst, Jahr. Chem. 1890, 42, 500. T. 
Thorpe Jahr. Chem. 1880, 23, 19 T. Thorpe and A. Tutton, J. C. S. 1891, 
59 lOP) L. Trixist, Conipt, reiul. 1878, 86, 331, 1394; abst. Jahr. Chem. 
187'8 31 ! 34. V. Thomas, Compt. rend. 1.89.5, 120, 1115; 1890;»122, 10(10; 
1890 lli, 51; Bull. Soc. Chinu 189.5, (3). 13, 722; 1890,15,1090; Ann. Chim. 
Phvs 1898 (7), 13, 14.5; abst. Jahr. Chem. 189.5, 48, 034, 1890, 49, 408; 
1897 50, ftlO; 1898, 51, 2.57. L. Vaiiino, Ber. 1899, 32, 1392. W. Vaubd, 
J. pr'akt. Chem. 189T, 163, .542. R. Weber, Pogg. Ann. 1867, UO, 277. : C. 
Weltzien, Ann. 1800, 115, 219. C. Winkler, Zts. Chem. 1809, 12, 71.5; abst. 
Jahr. Chem. 18<i9, 22, 207. C5 Witt, Tagebl, d. Naturforschervers. zu Baden- 
Baden 1894, 194. E. Wourtzel, Compt. rend. 1919, 169, 1397; abst. C. A. 
1920 14. 007; J. S. C. 1. 1920, 39, 134-A. 

’1 J. Cundall, J. C. S. 1891, 59, 1070; abst. Bull. Soc. CJtim. 1896, 16, 

826; Ber. 1892, 25, 492-R. 
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6xide with oxygen.' In a process patented in England,^ NOj is 
extracted from air mixtures containing small quantities of NO 
by striking an electric arc in the air. The Badisch'* Anilin und 
>Soda Fabrik* remove from nitric oxide any NO-^ present, dry the 
remaining NO and convert this to NO 2 by mfens of dry O. The 
process of the Allgemeine Elektricitiits Qes.'* for obtaining NO .2 
from mixtures of NO and air consists in subjecting the gasetms 
mixture at a low temperature to a powerful centrifugal action 
for the purpose of withdrawing the mist of NOo produced from 
the ga.seous mixture by means of the cooling action. 

Bergius obtains concentrated nitric acid from mixtures of 
gaseous NOj with gases containing oxygen and water, by causing 

1. 1’. Krankland and R. Karmer, J, C. S. 1901, 73, l;!5ti. J. Coheu 
and H. Calvert, J. C. S. 1)197, 71, Ktl'i. W. Argo, J. phs»ik. Chem. 1914, 
18, 4.'18; abst. J. S. C. I 1914, 33, .592. For NOj explosives, .s*e H. Kast 
and P. Giinthcr, Zts. Scliicss. Sprang, 1919, 14, 81,*10.S; abst. Chcni. Zentr. 
1919, 90, II, 794; J. S. C. I. 1919, 38, 603-A. For manufacture of liquid 
NOi, refer to W. Bousfield and Nobel’s lixplosivc^s Co., K. P. 121042, 1918; 
abst. J. S. C. I. 1919, 38, 762-A. Norske Hydro-Iilektrisk Kvaelstofaktie- 
sclskab, Norw. P. 2729, 1918. K. P. 124191, 1918, abst. C. A, 1919, 13, 
1023. 

2. Allgemeine I'ilektricitiits Ges., R. P. 9233, 1908;*al)st. J. S. C. I. 
1908, 27, 940. For the constitution of Nj 04 , see G. Oddo, Gaz. chini. ital. 
191.5, 45, I, 413; abst. J. S. C, 1. 191.5, 34,797. 

3. Badischc Anilin und Soda Fabnk., D. U. P. 23180.5; ab.st. Chem. 
Zentr. 1911, 82, I, 852; Chem. Ztg. Rep. 1911,35,127; Wag. Jahr. 1911, 57, 

I, 471; Zts. ang. Chem. 1911, 24, ,50.5. D. R. P. 2t2288, 1908; abst. C. A. 1910, 
4, 21!);i; Chem, Zentr. 1912, 83, 1, 290; Chem. Ztg. Rep. 1912, 36, 43; Wag. 
Jahr. 1912, 58, I, 41.5; Zts. ang. Chcgi. 1912, 25, 328; Zts. Sehiess. Spreng. 
1912, 7, 18.5. The density of nitrogen tetroxidc has been given by Kaye and 
Uby at 700 mm. as: 38.37 at 20 7°; 3.5.82 at 39.8°; 30.12 at 00.2°; 20.00 at 
80.0°; 24.33 at 100.1°; 23.40 at 121.5*; 22.88 at 154°, and 22.73 at 18.3.2°, 
from which it apix:ars that while at lower ranges the gas is almost completely 
N 204 , at temperatures above 140°, it is practically entirely dissociated. See 
F. Gros and Bouchardy, E. P. 1313,30, 1918; abst. J. S. C. I. 1919, 38, 703-A. 

4. R. P. 9233, 1908; abst. J. S. C. I. 1908, 27, 940; R, P. 10179, 1912; 
abst. J. S. C. 1. 1912, 31, 1032; C. A. 1913, 7; 3044. F. P. 388281, 1908; abst. 

J. S. C. 1. 1908, 27, 897; Mon. Sci. 1909, 71, 110; Chem. Ztg. Rep. 1908, 

32, 4,52. D. U. P. 199.501, 1907; ab.st. J. S. C. I. 1908, 27, 8.50; Mon, Sci. 
1911, 75, 51; Chem. Zentr. 1908, 79, II, 272; Chem. Ztg. Rep. 1908, 32, 389; 
Chem. Zts. 1908, 7, 889; Jahr. Chem. 190.5-1908, I, 1785; Wag. Jahr. 1908, 
54, I, 423; Zts, ang. Chem. 1908, 21, 1851; Zts. Sehiess. Spreng. 1908, 3, 334. 
F. P. ,389112, 1908; abst. J. S. C. I. 1908, 27, 980; Mon. Sci. 1911, 75, .572. 
F. P. 411693, abst. C. A. 1912,6,1884; Mon,Sci. 1913,79,75; Chem. Ztg. Rep. 
19K), 34, 425. F. P. 441700, 1912; abst. J. S. C. I. 1918, 31, 922, U, S. P. 
1070070, 1913; abst. J. S. C. I. 1913, 32, 911; C. A. 1913, 7, 3278. F. P. 
426307, 1911; abst. J. S. C. I. 1911, 30, 1012; Mon. Sci. 1913, M, 122. R. P. 
5282,1911; abst. J. S. C. I. 1912, 31, 231. F. P. 426307; abst. J. S. C. 1.1911. 
30, 1012. Aust. P. .52090; Swiss P. 43628. A. Bogrodski, J. Russ. Chem. 
Phys, Soc. 190.5, 37, 70;i; abst. Chem. Ceiitr. 1905, 76, II, 9.54. G. Lunge 
and E. Bcrl, Zts. ang. Chcln. 1900, 19, 807. Besson and Rosset, Compt. 
rend. 1900, 142, 633; abst. Chem. Ceiitr. 1906, 77, 1, 1319. F. Raschig, Zts. 
ang. Chem. 1905, 18, 1281; abst, Chem. Cenlr. 1905, 76, II, 932. • 
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the reaction to take place jt higher teniperivtures and at high 
pressures \vhicli prevents the decomposition.' The process of 
K. von ViolinghoP-Scheel- is similar.^ 1'. Raschig' obtained an 
isotueric nitrogen tetroxidc, called by him “isonitrogen Iclroxidc” 
as blue crystals by^ the action of air at low lempcralures u|)on 
nitric oxide. 

r 

bicpiid NO.; has a sp. gr. of 1.111 at 11", boiling at 22", forming 
a reddish brown vapor of an unpleasant and penetrating odor. 
The density of the \'apor is 2.b2 at 2T.a° (air = I),'’ the com¬ 
position of the gas at 1(1(1° being 711.22' , NO-; and 20.77''( N.;( )|.'' 
When diluted with chloroform a similar dissociation is under 
gone.'' 

biiiuid or solid nitrogen tetroxide acts as a solvent for many 
snbstanccs as Iodine, bromine and numerous organic comirounds,” 
while on the other hand, carbon tetrachloride, chloroform, )>enta- 
chlorethane,' ethvl bromide, chlor-, brom-, ami iodo-benzene'" 

1. J). R. 1>. .\nm. H. .VtlilT. 

2. n. R. I‘. InnS; aUst. J. S. C. I. 1910, 29, l:!77; Mon, Sci. 

mil, 81, .S7: Cb-ni. Zentr. I'lld, 81, II, 10117: Clieiti. Zls'. Rep. 1010. 34, 
■IIW: Jahr. ClK'in. 1010. 63, I, .').S7; Wag, Jalir. 1010, 56, I, -t.-i; Zts. atig. Clutii. 
1010, 23, 2IK0; Zts. Scliiess. Spreng. 1910, S, O.'iO, 

a. I. Moscicki, U. R. 1’. LM12.70; ahst. C. .-\. 1012, 6, 1S2.'.; Clu-ni, 
Z.cntr. 1911,82,1. lOlS; k'licin, Ztg. Itip. 1011, 35,a02;Wag. lalir. 1911, 57, 

I, tl.')2; Zts. aiig. Chom. 1911, 24, 1(H)7. li. P. :!.'),s:{, 112,79, lOliO, 210.79, 190S; 
abst. J. S, C. i. 1907, 26, 201, .S70: 1909, 28, .720, P. P. :!09:i,S7: abst, Mdii, 
,Sci, 1908,69,70; 1911,75,771. P. P .'iSOOM, .•19.7.124 ; ahst. Mon. Sd. 1911, 75, 
771, 772. r. S. P. 020010, OM.iOOl:'abst. Cluaii. Ztg. Rep. 1900, 33, Oil, 
.7-12. Helg. P. 201.S7t, ahst. I. S. C. I. 1907, 26, 1.77, ,S70; 1908, 27, 22; 1900, 
28, 729. Swiss P. :i:j091, 100.7; abst Zts. aiig. Clieni. 1000, 19, 9.80; Zts, 
lilektroclieni. 1000, 13, 211. Maseliiiunfabrik Biickan, 1). R. i’. g.'ilOOO; 
abst. C. A. 1912, 6 , 1.807; Chein. Ztg. Re]). 1011, 35, ;M0; Wag. Jahr. 1011, 
57, I, 0.7.‘i; Zts. ang. Cliein. 1011, 24, 1008. See also in this gonnoetion, 
Mamil anil P. Russ, Zts. ang. Chein. 1908, 21, 4.8li, 2171. P. Poerster anil 
M. Koch, Zts. ang. Chein. 190.8, 21, 2101 

1. Zts. ang. Chein. 1007 , 20, 00-1, 709, 890, 1,800; abst C. A. 1907, 

1, bSOO, 1899; 1908, 2, 707; J. C. S. 1007, 92, ii, 1,7.7; 190.8, 94, ii, 70; Chein. 
Zentr. 1907, 78, II, 190; 100,8, 79, I, 201. 

5. L. Playfair and J. Wanklyn, Proe. Roy. Sue. lidin. 4, 1,197; Trans. 
Roy. Soc. ICtlin. 22, III, 1-11; abst. Client. News, 1801. 3, 122; Phil. Mag. 
1.801, (1), 21, 708; Rep. Chim Pure, 1.802, 4, 20',l, 211; Ann. 1802, 121, 101; 
122, 247. Jahr. Chein. 1801, 14, 22; Zts, Chein. 1,801, 4, 271, 770; J. C, S. 
1802, 15, 142. . • 

0. H. Deville*an(I b, Troiist, Coiiipt. rend. 1.807, 64, 277. 

7. J. Ciindall, J. C. S. 1891, 59, 1070; 1897, 67, 79-1. 

8. (.1, Brimi and I’. Herti, Caz. ehiir.. ital. 1900, 30, ii, 171; abst. Chein. 
Centr. 1900, 71, II, 80, 777. P. Praiikland anil R. P'ariner, J. C. S. 1901, 
79, 17.70, 

9. SiK*. Anon. I.e.Nilrogi-ne, Pi. P. 11-17, iOl I; abst. Cht’iii. Ztg. Rep. 
1912, 36, 771. 

, 10, J'. Gnye, P. P. 4141070; abst. Mon. Sci. 1010, 73, 170. 
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h’avc been used as solvents for nitrotjen tctroxide in processes for 
separating this from gaseous mixtures by cooling. NQj has been 
used for bleaching flour,* for separating iodine«nd biominc from 
mother liquors,- and in the manufacture of explosives by heating 
lead nitrate.’ b. Doyen* colors wood for nj,tisical instruments, 
furniture, etc., by treatment in a closed ahamber with nitrogen 
peroxide vapors. In many reactions N02 acts as a true peroxide.’ 

Nitrogen Pentoxide." Nitric anhydride, N-^O.,, was discovered 
in I.S 4 fl by If. Deville,' and may be conveniently prepared l)y 
withdrawing the clement of water from perfectly pure anhydrous 
nitric acid; by the action of ozone on N02;’‘ by the ejectric pxida- 
tion of solutions of NO.> in lINt),,;'-* by the fractionation of a mix¬ 
ture of strong nitric acid and Paf):,;'** by electrolytically oxidizing 
a solution of NO.> in nitrous or nitric acid." When prajiared by 

1. Sclurinxs, CIk'Iii. Weekhlad, 12, 40. Steciisina, Cheiii. WeckOlad, 
12, 40. 

2. J. IVllieux and A. Mazc-kauiiuy. li. P. 4448, I.S71. 

:i. li. Tnrpin, H. P. 4.>14.1881. A. Richardson, J. C. S. 1887, 51, 407. 

4. li. P. 1004, 1014; abst. C. A. 1011, 8, 2407; J. S. C. I. 1014, 32, 012; 
Chcin. YAg. Rep. 1011, 38, 40.'>. • 

o li. Divers, J. C. S. lOlM, 85, 110. Por earryinx liquid nitroxen 
peroxirle on cylindrical railway'trucks, sec Zls. .Schiess. Sprenx. 1014,9,420. 

(i. Por general data on nitroxen pentoxide, refer to M. Hcrthelot, Bull. 
-Soc. Cliiin. 1874, (2), 21, .SO; Compt. rend. 1874, 78, 00, 102, 20.S, 1174; 1880, 
90, 770; Ann. Cliim. Phvs. 1.870, (o). 6, l l.S; Jalir. Cheni. 1874,27, 114, 220; 

I. 8'7o, 28, 74; 1880, 33, 117. J. Dumas, Compt. rend. 1840, 28, 424; Jahr. 

Chem. 1840, 3, 2.S7. J. (Sicrsbach and A. Kessler, Zts. physik. Chem. 1888, 
2, 070. 1), Helhig, .\tti Acead. dci Lincci (Roma), 1002, (o), 11, If, 411; 

1004, 12, 1, 211. Odet and Vignon, Com|)t. rend. 1,809, 69, II. 1142; 1870, 
70, 00; Her. 1809, 2, 711; J. prakt. Chem. 1809, 108, 414. Thomsen, Thermo- 
chem. Cnlerss. 1884, 2, 190. V. Veley and J. Manley, Chem. Ztg. 100,S. 
29, 1207. R. Weber. J. jirakt. Chem. 1.872, (2), 6, 442; Poxx- Ann. 1872, 
147, 114; Her. 1872, 5, 4.54; Jahr. Chem. 1872, 25, 194. 

7. Ann. Chim. Phys. 1,8,50, 28, 241; Jahr. Chem. 1.849, 3, 2.50; J. prakt. 
Chem. 1840,47, 18.5; 18.50, 49, 407. .Sec also Cl. bungc. Her. 1881, 14, 2190. 

8. W. .Smith, J. .S. C. I. 1892, 11, 807; 1804, 12, 10, 

9. A. l.idoff, J. Russ. Phys. Chem .Six'. 1904, 35, .59. Salixtcrsaurc 
Industrie Ges., D. R. P. 241.540, abst. Mon. .Sci. 191,5. 82, .50; Chem Zeiitr 
1011, 82, 1, 707; Chem, Ztg. Rep. loll, 35, 111; Chem. Zts. 1911, 10, No. 
2.501; Wag. Jahr. 1011, 57, 1, 471; Zts. anx. Chem. 1911, 24, ,50,5; Zts. Schiess. 
Spreng. 1911, 6, 1.57. li. P. 9884, 22410, 1910; abst. J. S. C. T. 1910 29, 

II, 57; 1911, 30, 0.8.5. li. P. 141444, abst. J. .S. C. I. 1919, 38, 704-A, 

• ,10. P. Villard, Compt. rend. 1804, 118, 1090. P. Rjiss and li. Pokornv, 
Monatsh. 1913,34, 10.51; abst. Chem. Centr. 1913, 84, II, 1271; J. S. C. I. 
1913, 32, 82.5. Por nitrogen hexoxide, see 1^ Raschig, Chem. Ztg. 1911 
35, 1900; .abst. J, S. C. 1. 1911, 30, 1208. P. (5ros and Bouchardy, E P 
131434, 1018; abst. C. A. 1920, 14, 104. 

* II lilektnx'hemische Werke Ges., li. P, 1.5442, 1911; abst C A 1014 
7, 27; J. S. C* 1, 1911, 30,.I2.5I. Anst. P. 52090, 1911. P. Rnss and h 
lihrlieh, P. P. 444020, 1912; abst. J. ,S. C. I. 1912, 31, 1031; C. A. 1914 7, 
1142; Mon. Sci. 1913, 79, 142; Chem. Ztg. Rep. 1913, 37, 33. See 1 Mo«- 
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one of the methods indicated above, nitrogsn pentoxide is a 
colorless splid, readily melting with the evolution of dark fumes. 
It is a powerful acd difficultly controllable oxidizer. With sulfur 
it forms nitrosulfonic aidiydride. When brought in contact with 
lINOj, the anhj'dride combines to fonrt the compound 
N.,05,2IIN0,,, ' . 

Manufacture of Nitric Acid with Chili Saltpeter.' 'I'his 

cicki. Iv. F. 270(Ki, U)00; abst. J. S. C. I. 1!I(),S, 27, 22; K. P. ;i8()G14, I90(>; 
abst. J. .S. C. I. 27, 22; Mon. Sci. l!»l 1. 75, .571, ,572. K. Bayer &_Co_., 
Bclg P 1722.50, llK).'i. IClektrochemischo Werke Ges. Bclg, P. 2072.57, 
2074'o;3, 207oU;, 1908: 2:i0r>()2, P.111; .Swiss P. 45028, 4;!020, 45778, 100.8; 
51812, 1010; 57.554, 1911; abst. C. A. 1915, 7, 5IK)2. Can. P. 142471, 1912. 

1' I). R, P. 590,59; abst. Wag. Jahr. 1887, 33, .500. 1). R. P. 4(«)90: 

abst Ber. 1.889, 22, 1.52; Chem, Centr. 18.89, 60, 1, 0.88; Jahr. Chcni. 1889, 
42, 20.51 ■ Wag. Jahr. 1889, 35, 450. 1). R. P. 40724: abst. Bor. 1.889, 22, 

504- Wag. Jahr. 1889, 35, 4.50. I). R. P. 59099; abst. Ber. 1892, 25, 225; 

Wag. Jahr. 1.89f, 37, 592; Zts. ang. Cheni. 1891, 4, 009. D. R. P. 05207; 
abst Moil. .Sci. 1890. 48, 108; 1902, 58, 24; Ber. 1,892, 25, .878; Chem. Zts. 
1902 1, 14; Jahr. Chem. 1892, 45, 2095; 1,891, 47, 2297; Wag. Jahr, 1.892, 
38, 557; Zts. ang. Chem. 1.892, 5, 520. 1). R. P. 05714, 05799; ab.st. Ber. 

1892, 25, 87.8; Chem, Zts^ 1902, 1, 11: Wag. Jahr. 1892, 38, 5.5,5; Zts. ang. 
Chem 1,892, 5, .5.52. 1), R. P. 75421; abst. Ber. 1.894, 27, 429; Chem. Zts. 

1902 1, 14; Wag. Jahr. 1,894, 40, 495; Zts. ang. Chem. 1.894, 7, 174. 11. R. 

P 79045; abst. Ber. 1,89,5, 28, 482; Jahr. Chem. 189.5, 48, .509; Wag. Jahr. 
1895, 41, 4.50; Zls. ang. Chem. 1895, 8, 170. 1). R. P. 82575; abst. Mon. 

,Sci 1.890, 48, 72; 1902, 58, 25: Ber. 1,895, 28, 870; Chem, Centr. 1.895, 66, 
11, 1024; Jahr. Chem. 1,89.5, 48,8570: Wag. Jahr. 1895, 41, 449; Zts. ang. 
Chem. 1.895, 8, .570. 1). R. P. 85097; abst. Ber. 189.5, 28, 1051; Chem. 

Centr. 1890, 67, I, .80; Chem. Ztg. 1895; 19, 2127; Jahr. Chem, 189.5, 48, 
717; Wag. Jahr. 1.895, 41, 527; Zts. .ing Chem. 1895, 8, 020. 11. R. P. 

8.5040, 8.5242; abst. .Mon, 8ei. 1.890, 48, .501; 1897, 50, 05; Ber. 1890, 29, 
518; Chem, Centr. 1890, 67, I, 12,87; fhein. Ztg. 1890, 20, 221; Jahr. Chem. 
1890, 49, 1525; Wag. Jahr. 1.895, 41, 014; Zls. ang. Chem. 1.890, 9, 175. 
11. R. P. 87982; abst. Ber. 1890, 29>807; Chem. Ztg. 1890, 20, 708; Wag. 
Jahr, 1,890, 42, 409; Zts. ang. Chem. 1890, 9, .575. I). R. P. 88,521; abst. 

Ber. 1890, 29, .881; Chem. Ztg. 1.890, 20, 82.5; Wag. Jahr. 1890, 42, 400; 
Zts. ang. Chem. 1890, 9, 052. D. R. U. 99.551; abst. Mon. iiei. 1.81KI, 54, 
.51' Chem. Centr. 1899, 70, 1, 79; Chem. Ztg. 1898, 22, 977; Jahr. Chem. 
1898, 51, 70.5; W,ag. Jahr. 1898, 44, 410; Zts. ang. Chem. 1898, 11, 10,57. 

11. R. P. 1045.57: abst. Mon. Sei. 1900, 56, 15; Chem. Centr 1899,70, II, 
8IKJ; Chem. Ztg. 1.899, 23, 775; Jahr. Client. 1.899, 52, 471; Wag. Jahr. 1899, 

45, 409; Zts. ang. Chem. 1.899, 12, 907, 1). R. P. 105701; abst. Mon. .Sci. 

1900, 56, 110; Chem. Centr. 1900, 71, 1, 79; Chem. Ztg. 1S9!C,23, 1050; 
Jahr. Chem. 1899, 52, 471; Wag. Jahr. 1899, 45, 409; Zts. ang. Chem. 1899, 

12, lfMi5. II. R. P. 100902: abst. Mon. .Sci. 19IKI, 56, 117; Chem. Centr. 
19IK), 71, I. 050; Chem. Ztg. 1900, 24, 80; Chem. Zts. 1902, 1, 14; Jahr. Chem. 
19tK1, 53, 2.59; Wag. Jahr. 1,899, 45, 407: Zls. .ang. Chem, 1899, 12, U5S. 
D. R. P. 1102.5-1; abst. Mon. .Sci. HKK), 56, 185; Chem. Centr. I9(K1, 71, 11, 
228; Chem. Ztg. 1900, 24, .316; Jahr. Chem. 1900, 53, 240; Wag. Jahr. 1900, 

46, I, 593; Zts. ang. Chem, I9(X), 13, 375. II. R. P. 127047; abst, Mon. 
Sci. 1902. 58, 1.52; Chem. Centr 1902, 73, I, 28t!; Chem, Ztg. 1902, 26, 73; 
Chem. Zts. 1902, 1, 175; Jahr. Chem, 1902, 55, 385; Wag. Jahr. 1902, 48, 

1, ;J59. I), R. P. 150079; abst. Chem. Ztg. 1905, 27, .57; Clilan, Zts, 1903, 

2, .530; Wag. Jahr. 1902, 48, I, 300. II. R. P. 130789, 1-14038, 1.5.5000; abst. 
Mon. Sci. 190.5, 63, 51; Chem. Centr. 1904, 74, II, 1207; Chem. Ztg. 1904, 
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pVoccss, until comparatively recently, was practically the only 
method for the commercial manufacture of nitric aejd, and in¬ 
volves the heating of commercial sodium nitmte with sulfuric 

28, 1001; Chem. Zts. 1905, 4, 125; Jalir. Chcni. 1904, 57, 490; Wag. Jahr. 

1904, 50, I, 258; Zts. ang. Clicm. 190.5, IS, 10.5, D. R. P. 1.5.5(H».5; abst. 

Mon. Sd. 190.5, 63, .51; Clicni. Ceiitr. lOO-t, 74, 11, 14i(i8; Chem. Ztg. IIMII, 
28, 1028; Chem. Zts. 190.5, 4, 125; Jahr. Choiti. J904, 57, 490; Wag. Jahr. 

1904, 50, 1, .'5:57; Zts. ang. Clu-ni. 190.5, 18, 10.5. D. R. P. 170:5.52; abst. 

Mon. Sci. 1907, 67, 145; Chem. Centr. 19015, 76, II, 185; Chem. Ztg. 1900, 
30, .562; Chem. Zts. 1907, 6, 19; Jahr. Chem. 190rr-l<H)8, I, 179:5; Wag. Jahr. 
1900, 52, I, 445; Zts. ang. Chem. 1907, 20, 972; Zts. Schiess. Spreiig. 1900, 
1, 180. D. R. 1*. 1800.52; abst. Mon. .Sci. 1909, 71, 74; Chem. Zentr. 1907, 
77, 1, IOK'5; Chem. Ztg, Rep. 1907, 31, 815; Jahr. Chem. 190.5-1908, I, 1794; 
Wag, Jahr. 1900, 52, 1, 440; Zts. ang. Chem. 1907, 20, 1:529; Zts. Schiess. 
Spreng. 1907, 2, :5,5. D. R. P. 18980.5; abst. Mon. .Sci. 1910, ,73, 00; i5bem. 
Zentr. 1907, 78, 11, 19,54; Chem. Zts. 1907, 6, No. .'589; Jahr. Chem. 190.5- 
190.8, 1, 179.5; Wag. Jahr. 1907, 53, 1, 409; Zts. ang. Chem. 1908, 21, 798; 
Zts. .Schiess. .Spreng. 1907, 2, 410. IX R. P, 191912; abst. Mon. .Sci, 1910, 
73, 07; Chem. Zentr. 1908, 79, I, ;51.5; Chem. Ztg. Rep. IiKl7731, 0:5.5; Chem. 
Zts. 190.S, 7, 490; Jahr. Chem. 190.5-1908, 1, 1795; Wag, Jahr.^907, 53, 
I, 410; Zts. ang. Chem. 1908, 21, 798; Zts. .Schiess. .Spreng. 1<K17, 2, 45,5. 
I) R P. 202.500, 1907; abst. J. S. C. 1. 1909, 28, !K); Mon. Sei. 1911, 75, 125; 
Chem. Zentr. 1908, 79, 11, 1.549; Chem. Ztg. Rep. DKI.S, 32, .572; Jahr. Chem. 
190.5 1908, I, 1795; Wag. Jahr. 1908, 54, I, 42.5; Zts. ang. Chem. 1908, 21, 
251,8; Zts. .Schiess. Spreng. 190.S, 3, 410. 1). R. P. 20814:5; abst. Mon. Sci. 

1912, 77, .82; 191:5, 79, 05; Chem. Zentr. 1!I09, 80, I, 1279; them. Ztg. Rep. 
IIKW, 33, 180; Chern. Zts. 1909, 8, No. 1:598; Jahr. Chem. 1909, 62, 1, .5:5.5; 
1910, 63, 1, 7)80; Wag. Jahr. 1909, 55, 1, 424; Zts. ang. Chem. 1909. 22, 748; 
Zts. Schiess. Spreng. 1909, 4, 215. D. R.'P. 21080:5; abst. Mon. Sci. 1912, 
77, 99; Chem. Zentr. 1909, 80, II, 159; Chem. Ztg. Rep. 1909, 33, .3:59; 
Chem. Zts. 1910, 9, No, 1.505; Jahr. Chem. 1909, 62, .5150; Wag. Jahr. 1909, 
55, I, 418; Zts. ang. Chem. 1909, 22, 1408; Zts. Schiess. Spreng, IIKIO, 4, 
291. IX R. P. 227:577; abst. Mon. Sci. 1914, 81, 85; Chem. Zentr. 1910, 
81, 11, 1419; Chem. Ztg. Rep. 1910, 341 501; Chem. Zts. 1911, 10, No. 2:50:5; 
Jahr. Chem. 1910, 63, 1, 580; Wag. Jahr. 1910, 56, 1, 482; Zts. ang. Chem. 

1910, 23, 2:i;S8; Zts. vSchie.ss. Spreng. 14112, 7, ;10, 1). R. P. 22!KI90, 1908; 

abst. J. S. C. 1. 1911, 30, 84; Mon. Sci. 1914, 8l, 80; Chem. Zentr. 82, 1, 177; 
Chem. Ztg. Rep. 1910, 34, 0:52; Chem. Zts. 1911, 10, No. 2200; Wag, Jahr. 

1911, 57, 1, 400; Zts. ang. Chem. 1910, 23, 87; Zts, Schiess. Spreng. 1910, 

5, 481. 1). R. p. 2;i;50:51; abst. Chem. Zentr. 1911, 82, I, 1201; Chem. Ztg. 

Rep. 1911, 35, 229; Wag. Jahr. 1911, 57, I, 408; Zts. ang. Chem. 1911, 24^ 
8.50; Zts. Schiess. Spreng. 1911, 6 , 1.50. 1), R. P. 2;50;541; abst, Chem. Zentr. 

1911, 82, II, :514; Chem. Ztg. Rep. 1911, 35, .'592; Wag. Jahr. 1911, 57, 1, 
409; Zts. ang. Chem. 1911, 24, 1,580. D. R. P. 2:57084; abst. C. A. 1912, 

6, 1.508; Chem. Zentr. 1911, 82, 11, 812; Chem. Ztg. Rep. 1911, 35, 401; 
Wag. Jahr. lilll, 57, 1, 472; Zts. ang. Chem. 1911, 24, 1882; Zts. Schiess. 
Spreng, 1911. 6 , 411. 1). R. P. 2:58:570; abst. C. A. 1912, 6 , 100:5; Chem. 
Zentr. 1911, 82, II, 1078; Chem. Ztg. Rep. 1911, 35, .50.'5; Wag. Jahr. 1911, 
57, J, 470; Zts. ang. Chem 1911, 24, 2029; Zts. Sehiesj. Spreng. 1911, 6, 
411. D. R. P. 241711; abst. C. A. 1912, 6, 21.52; Chem. Zentr. 1912, 83, 
I, 172; Chem. Ztg. Rep. 1912, 36, 8; Wag, Jal|f. 1911, 57, I, 469; Zts. ang. 
Chem. 1912, 25, i:50; Zts. Schiess. Spreng 1912, 7, 78. D. R. P. 252874; 
abst. C. A. 191 : 5 , 7, 80:5; Chem. Zentr. 1912, 83, II, 1707; Chem. Ztg. Rep, 

1912, 36, 003; Wag. Jabr. 1912, 58, 1, 421; Zts. ang. Chem. 1912, 25, 2377; 
Zts. Schiess. Spreng. 1912, 7, 4,54. D. R. P. 2,57809; abst. C. A. 1913, 7, 
24.58; Chem. Zentr. Htl.'i, 84, I, 1245; Chem. Ztg. Rep. 1913, 37, 160; Wag. 
Jahr. 1913, 58, I, 434; Zts. ang. Chem. 1913, 26, 235; Zts. Schiess. Sprcnsi 
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acid, acid sodium sulfate being obtained in addition to the nitric 
acid. TlK\,dctail!j of the process will be treated herein in the 
following rotation of topics: 

(a) Chili Saltpeter. 

(b) Layout and Arrangement of the Nitric .\cid I'lant. 

(c) Drying the Sodium Nitrate. 

(d) Loading the Nitric Acid Retort. 

(e) Generation of the Nitric .Acid. 

ff) Condensation of the Gascons Nitric Acid. 

(g) I'ncl Requirements. 

(h) Yields of Nitric .Acid. 

(i) Niter Cake. Commercial I'tilization. 

(i) Valentiner Vaennm and Other Processes Kmploying 
Sodium' Nitrate. 

(k) The Griesheim Nitric -Acid Plant. 

(l) Continuous Manufacture of Nitric Acid. 

It is computed' that the production of nitric acid (calcu¬ 
lated as KlO', IINOA in the United States from sodium nitrate 
has increased from S'lDOO tons in 191 1, to (mOODO tons in 191.S. 
'I'he erection of many new nitric acid plants has provided oppor¬ 
tunity for improvements to be made. 'I'he installation of modern 
fire-boxes in place of Dutch ovens under the retorts has effected 
a reduction in coal consumption of 2.')'y. Acid-proof iron has 

8, 178. I), R. P. 2liUi;U; abst.i.C. A. IDIU, 7, Clu-in. Zcnlr. Hli:!, 

84, 11, Chem. Ztg, Rep. lill.'i, 37, 4110; Was;. Jahr. lillH. 59, I, tl!."); 
Zts. ung. Chein. 1014, 26, 177. I). R. R. 21)110.511; abst. C. A. 10111, 7, 11020; 

Clictn. Zentr. lOlli. 84, II, 1000; Cliem. jltg. Rej). lOlli, 37, .528; Wag. Jalir. 
lOlli. 59, 1, -1110; Zts. .aiig. Chem. 10111, 26, 501. 1). R. P. ’207800; abst. 

C. A. 1014, 8, 008; Chem. Zentr. 1011, 85, I, 107; Chem. Ztg. Rep. lOIli, 
37, 005; Wag. Jahr. 10111, 59, I, 1115; Zts. aiig. Chem. 1014, 27, 40. Com¬ 
pare also 1. Ilaggs ami W. .Simpson, It. P. 0.50, bSOli. P. Ilibeau, F. P. 
1100200. P. tie Fontainemoroan, F. P. 1111 111. 1,S;50. I). Kit/.-Cterahl and B. 

Molloy. It. P. 11170, 1872. W. Fuller, It, P. 20711, 1881. C. holder, F. P. 
00115, 1004; abst. J, S, C. I. 1000, 24, 1211. Anon. bid. chimique, 1010, 6, 
200; abst. C. A, 1020, 14, 1187. .Agricultural Research Corporation Can. P. 
102.50.5, 1011022, 1015. H. Akers, Can. P. 1510.59, 10111. American Cyanamid 
Co., Can. P. lOi 112, 1011 111, 101.500, 1915. O. Carlson, Can. P. 1501190, lOWt. 
J. Currie. Can. P. 1741100, 1017. F. duPont de Nemours Co., Can P. 107587, 
1910. Meister, Lucius & llruning. Can. P. 1.501178, 1014. T. Fuyiyama, 
Can. P. 102512, 1015. Haslhp & Peacock, Inc., Can. P. 1870.50. C. House¬ 
man, Chem. Age, 1020, 2, 108. Nitrogen Prcalucts Co., Can. P. 1.501182, 
1914; 1020211, 1915; 109101, 109102, lOOlOIl, 1910. F. Schmitz, Can. P. 
1.50.841, 10111. V. Thrane, Can. P. 181105, U)I7. A. Whift, Chem. Mel. 
Kng. 1920, 22, .809. 

1. K. Pranke, J. Ind. Kng. Chem. 1018, 10, 8.80; abst. C. A. 1918, 
2412; J. S. C. 1. 1918, 37, 0.5.8-A. 
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been largely used to replace chctrflcal stoneware, and a larger 
absorption tower capacity has been provided. 'Wie average 
charge of nitrate has been increased •')()%. Tffese infprovements, 
together with modifications in the niethcxl^of operation, have 
effected an increase in the amount of nitrogen recovered as acid 
from about 7I<% -Sl)% to !)2'’y 

Origin and Occurrence of Sodium Nitrate.' In the natural 

I. For gcMieral data on the subject of Chill salpetor, refer to: A. 
Plagemann, Dcr Chilesalpetre. Berlin, UK)'), j)]). 8l). K. Jurisch, Salpeter 
und seiii Ivrsatz, Leipzig, UK)S, pp. 304. (). Thiele, Die nioderne Salpeter* 
fruge und ihre voraussichtliche Loesung. Tuelingen, 1904, pp. 40. .Semper 
and Michels, Die vSalpetcrindustrie Chiles (Keprint) Berlin, 1904, pp. 124. 
H. Polakowsky, Der Chilisalpetre und die Zukunft der Salpeterindustrie, 
Berlin, 1893, pp. 70. IC. Sorel, Salpctre, acid iiitriquc, etc., pp. 421-429. K. 
Fremy, lincyclo. chim. Vol. 5. B. N. Craig, Report on nit^fification. Smith¬ 
sonian Inst. Reports, 1801, pp. 305-18. Natural and artificit^ formation 
of nitre. P. Pusey, (hi the source and supply of cubic salpetre, salitre or 
nitrate of soda, and its use in small (iiiantities as a restorative to corn crops. 
London, 1853. Dubuc (pere) Memoire sur la culture ou fabrication indigene 
du salpetre (Nitre de potas.se) an nioyen de vegetaux, etc. (Extrait) Rouen, 
1825, pp. 20. France, Service des Poudres et Salpetres. Instruction sur la 
fabrication du salpetre. Paris 1821). Ivokhartshausen, -von, Neue Krfahrnngen 
ueber kuenstliehe .Salpetre-Produktion. etc., Regen.sl>. #802, pp. 72. A. 
Baurne, Observations .sur Ic rapport du Citoyen Guyton . . . sur la question 
de savoir » ii quel ctat les salpetres iloivjiit etre livres dans les magazins do 
la Republifjue, et sur le mode d'en juger le litre, etc., Ivx.: "Annalos de 
Chiinie” No. 09, Paris, 1798, pp. 80. V. Rcaueno, Saggi sul ustabilimento 
dell antica arte de Greci e Romani pittari. 24 cd. 1 Vol. 2, pp. 131-279. 
Saggio storieo critico dell antico nitro. A. Fortis, Del nitro minerale, Me- 
moria Storicolisica. 1787, pp. 78. J. Weber, Anmerkungen uel>er die . . . 
Zeugiing (les Salpeters. Nebst einein Sendsclireiben ueber dessen. . . Ab- 
hancilung von dem Salpcter-eizeugeii, von L. Winzler. Tuebingen, 1780, 
pp. 120. France. Regisseurs GenAaux des Poudres, etc. Olxservations 
sur le travial des eaux-jiieres de salpetre etsurceluideseauxd’atelier. Paris. 
1778. pp. 40. A. Lavoi,sier, (Collections of papers relating to tlie State 
Manufacture of salpetre and gunpowder), 1777-1792. In his Oeuvres, Vol. 
5, pp. 391-745. Academie des Sciences, Paris. Receuil des memories et 
d’oliservation.s sur las formation et sur la fabrication du salpetre. Paris 
1770. pp. 002. ICurze und deutliche VorsteUung dei cdleii Probier Kunst. 

Nebst einem ausf. Bericht von Salpeter sictlen, etc., Nuremberg. W. 
Clarke, The natural history of nitre, London 1071), pp. 108. Anon., Bol. 
soc. Fomento Fabril (Chile) 1918, 35, 110; aV)St. C. A. 1919, 13, 2257. Anon., 
Chem Trade J. 1919. 55, 119; abst. C. A. 1919. 13, 2420. H. Coe, U. vS. P. 

1292580, 1919; abst. C. A. 1919. 13. 998. H. Qale, Eng. Mining J. 1919, 

3U>7, 385, 1025; abst. C. A. 1919, 13, 891, U)03. P. Gonzalez, Bol. soc. fo- 

'itjcnto fabril (Chile). 1917, 34, 021; abst. C. A. 1919, 13, 22.''>8. D. 

Irvin, Kng. Mining J. 19Ut. 107, 20.5; abst. C, A, 1919, 13, 1)29. See also 
C. A. 1918, 12, 2042. S. Kiiroda, J. Ind. Ckem. Japan, 1918, 21, 42.5, .505, 
067; abst. C. A. 1919, 13, 2280. J. M irco, J, Ind. Kng. Cheni. 1919. 11, 
,780; abst. C. A. 1919, 13, 1903; J. S. C. I. 1919, 38, 800 -A. W. Montgomerv 
& Co., J. 1. 1902, 21, 146, 290; 11)0,2, 22, 119; 1!KI8, 27, 748. M. Prieto, 
Bol. minas, ludustrias eortstrucciones (Lima, Peru), 1917, (2), 9, lOli; abst. 
C. A. 1919, 13, 2257. P. Restat, Bol. soc. fomento fabril (Chile), 1918, 
35, 149; abst, C. A. 1919, 13, 22,57. U. S. Com. Rep. Jan. 22, 1919; rfbst. 
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.x'airrence of Chili saltpeter, the world hndd', or at least has 
done so until quite recently, its chief source of combined nitrogen, 
and the realization that this cliief source is limited* and is rapidly 
approaching exhaustion, lends to this problem of nitrogen con¬ 
servation a peculiarly acute character at the present time. For 
an industry of such enormous dimensions and importance, and 
one in which its magnitude is so rapidly increasing, but little 
authentic text book information is available. 

The one region in which this salt has been found in note¬ 
worthy quantities is the long arid stretch of highland in Chili 
lying between the Pacific coast and the base of the Andes moun¬ 
tains, the zone of nitrate-bearing ground comprizing about 2()0,(X)() 
sq. km., of which less than 3'JJ has been surveyed and prospected." 
Although rain ■falls only once in three years, this desert section 
shows unmistakable indications of a former high fertility. The 
main nitrate bed is at Tarapaca and is 2‘/2 miles in width by 
about 250 miles in length, stretching along the eastern slope of 
the Cordilleras, and from 14 to 00 miles from the sea coast. 
These deposits are some 500 GOO feet higher than the valley of 
the Tamaragal, the deposits increasing in richness with increas¬ 
ing altitude. 

North and south of the main bed above stated arc smaller 
minor deposits, but of insuflicient amounts to attract at present 
commercial exploitation. The sodium nitrate, locally called 
“caliche,” forms a hard mass from 3 0 feet deep, covered to a 
depth of 5-10 feet with a rock formation, which in turn is cov¬ 
ered to a like depth with a fine dry sand. The niter rests upon a 
bed of clay, and varies in color from white to grey and brown. 
While the richest beds have been practically exhausted from the 
viewpoint of the crude methods of working now applied, it has 

J. S. C. I. 1910, 38, 92-K. O. Dtmiian, Cheni. Age, 1919, 1, 994; afisl. C. A. 
1920, 14, 801, L. .Sunclt, Bol. ininero soc. iiacional mincria, 1919, 31, 2.9.'>; 
abst, C. A. 1920, 14, 1 1(X); containing a review of the Pissis, Noellncr, Och- 
senius, Muntz, Neutoti, Plagemann, Van Hisc, F. Clarke, Semper and Michels, 
Gandarilla, and Ghigliotti theories of nitrate formation. 

1. S. Loram, Mining Sci. Press, 100, 125, ISO; abst. C, A, 1911, 5, 
975. A. Muntz. Bull. .Soc. Chim. 1889, 45, .‘140; abst. J. A. C.S. 1886, 8, 70. 

J. Singewald and B. Miller, licon. Geol. 1916, II, 10.‘i; abst, C. A. 1916, 10, 
2188; Mining .Sci. Press, 1916, 113, .814; abst. C. A. 1916, 11, 2978. Lunge, 
“Sulfuric Acid and Alkali,’’ .Suppl. Vol., 1917, 44. ' 

2. E. Cuevas, J. Ind. Eng. Chem. 1916, 8,,195; abst. C.'A. 1916, 11, 

1080. 
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Iieen claimed that there is still suificient niter present to last the * 
world for at least a century longer, based on the present rate of 
consumption. ^ * 

Niter deposits in Colorado,' Guyamango in vSalvador,^ 'I'exas,’ 
Ferghana, Russia,* in Asia Minor,'’ Colorado," and California, 
have been described but their industrial interest, up to the present 
is entirely in the future. A detailed description of the Chili and 
Peru nitrate regions has been given by B. Diaz-Ossa,’ P. Mar- 
tell," J. Beck," M. Bamb,"* Oslerreicher" and I. Hobsbawn and 
J. Grigioni,'* from which it appears the method of obtaining the 
nitrate has not differed e.ssentially in principle from the original 
processes of lixiviation installed as the result of the'origindl dis¬ 
covery of these deposits by Taddeo-Ilaenke in ISO'.). The geo¬ 
logical and other details of the origin of these deposits have been 
exhaustively treated by Langbein,"’ I,. Uarapsky," J. Buclianan,'" 

Behrend,'" A. Hartwig,'’ the German Consuls at Valparaiso"* and 

• 

1 . M. Sullivan, J. bid. Eng. Chcni, 1914, 6 , .'i.'Jg, ;58(i. In this con¬ 

nection see Norton, "Consular Rciiort on the Utilization of Atniosphcric 
Nitrogen," Washington, 1912, W. Newton, J. S. C. I. 19^K), 29, 408. W. 
Crookes. "The Wheat Problem,” London, 190.5. Thiele, "Saltpeterwirt- 
schaft und Saltpeterpolitik,” 1905, Knox, "Fixation of Nitrogen,” London, 
1914. • , , 

2. "Origin and Occurrence of Sodium Nitrate,” Renson, Chem. Trade 
J, lOl.'l, 280. A. Bertrand, Chim. et bid 1920, 3, .'1. 

Oil, Paint and llrug. Rep. Nov, 28, 1914. 

4. Chem. bid. 1910, 39, 487. 

5. Chem. bid, 1910, 39, 2.50. • 

0. Stewart and Greaves, Bull. 114 of the Agr. Expr. .Stat., IHali. 

7. Orig. Com. 8th Inteni. Cong.,Aiipl. Chem. 1912, 2, 187; Rev. gen. 
sei. 1912, 23, .889; abst. C. A. 1912, 6, 2499, 3100. Bull. Soc. Ind. du Nord, 

1912, 40, 3.59; abst, J. S. C. 1. 1912, 31, 771, 

.8. Zts. .Sehicss. Spreng. 1912, 7, 193; C. A, 1912, 6, 2.582; Chem. Zentr. 

1913, 84, I, 749; Chem, Ztg. Rep. 1912, 36, .505; Chem. bid. lOlit, 36, 38. 

9. Mining Press. 191.5, 510. 

10. Eng. and Min. J. 90, 18; 191.5, 811; 1917, 104, 401; abst. C. A. 
1910, 4, 2188; 1917, 11, 8097. 

11. Prometheus. i91.5, 278. 

12 J. S. C. 1. 1917, 36, 52; ab.st. C, A. 1917, 11, 1888. 1. Hobsbawn, 
Met. Chem. Eng. 1917, 16, 2.58; abst. C. A. 1917, 11, 1204. 

Ki. Wag. Jahr. 1871, 17, 800; 1872, 18, 290. Dingl. Poly. 1879, 232, 
4.53; abst. Wag. Jahr. 1879. 25, 880; J. C. S. 1879, 36, 1073; Zts. Chem. Grnss- 
gewerbe, 1879, 4, 185; Chem. bid. 2, 235; jahr. Chem. 1879, 32, 1109. R. 
Wagner. Ding. Poly. 1872, 205, 75; Deut. Ind. Ztg. 1872, No. 17; abst. 
Jahr. 1872, 25, 980; J. C. S. 1872. 25, 1131. ^ 

14. Chem. Ztg. 1887, U, 752; J. S. C. 1. f887. 6, 545. 

1,5. J S. C. I. 1898,12, 128. 

10. Zts. Deuts. Ingen. 1899, 1199; Wag. Jahr. 1899, 45, 400. 

17. CheA. Ztg. 1909, 313, 1102. 

18. Zts. ang. Chem, 1910, 23, 1405; abst. Chem. Ind. 1910, 33, 400, 588, 
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Antofagasta,' as well as t)y the American Consul." 

Formation and Composition of Chili Saltpeter. 'I'lie dis¬ 
tribution (f the South American niter is extremely variable. 
Whereas in a large portion of the territory the top soil contains 
considerable, but nnworkalrle, amonnts, on tlfe other hand, im- 
mense districts have been found in which the niter-eontaining 
strata assay as high as h.')* f pure sodium nitrate, from which max- 
innmi percentage, all the intermediate gradations ttr zero per cent, 
arc encountered by the prospector. The calisehe strata which 
arc found sufficiently concentrated in sodium nitrate for profit¬ 
able treatment varies in composition within the following limits: 
Sodium nitra\e, 17'/,, (iOt,'. Potassium nitrate, 2'’x Iodine 

(principally present as iodates) D.Oli'v, O.'i.'i'(, Sodium chloride, 
Fotassinm perchlorate, 2'’( . Moisture I'i,' 2'1(. 

Water insoluble, up to Small amounts of calcium an<l 

magnesium salts as chromates, borates and bromides and brom- 
ates are also fotiiKl, but in too small amounts to admit of their 
successful commercial rerxnery. 

The theory of the formation of these deposits has never been 
incontroversially established, but the theory of Noeller is generally 
accepted, and is based on the assumption that the present plateaus 
of Atacama and 'I'araiiaca were originally below the sea Itwel. 
Upon being gradually raised enormous amounts of sea weed and 
other marine vegetation collected within these areas, and the 
inland sea gradually formed, and the decay gradually of this 
vast mass of vegetation, aided by nitrifying bacteria, and under 
the most favorable atmos|)heric conditions gradually transformed 
organic nitrogen to inorganic conibination, and inasmuch as 
sodium compounds predominate in marine growth, the sodium 
salt resulted. This theory is strengthened by the ])rcsence in 
the niter of iodine and potassium compounds in small amounts, 
and in the ratio roughly corresponding to the soda and potash in 
the present day kel]). 

Extraction and Purification of Chili Saltpeter. 'I'lic extrac¬ 
tion of the niter has until unite recently been a very crude process, 
consisting in merely leaching tiie crude niter, filtering off the 

1. Chem. Ind. I!M I, 34, TliU. • 

2. Daily Con, Trade Kept. lyOX, No. ;i.32?; abst. J. tnd. ting. Chem, 

ltW9,1, 45. 



NITRIC ACID 729 • 

• • 

insoluble portion and evaporating th« water from.the aqueous 

portion to crystallization by means of the sun, aided towards the 
close of the evaporative process by artificial Iffeat. J. Price,* 

H. Dartnell,* R. Mueller and the Deutsche Celluloid P'abrik,’ 

V. Havens,* and H. Sulman, If. Picard and ,*W. Broadbridge® 
have described processes for obtaining pure sodium nitrate. 
Filtration of the crude niter solution may be made in a centrifugal 
filter, W. Oee” liaving patented such an apparatus which has 
been extensively used for this purpose. The finished niter as 
ready for commerce contains about 9(1% sodium nitrate, and 
small amounts of potash salts. The processes of T. Robertsjand 
J. Dale,’ R. Moore and T. Williamson,® Badische Anilin & Soda 
Fabrik,*' A. Muentz and A. Girard,'" and A. Taraud and P. 
'I'ruehot" for obtaining sodium nitrate are among the raoi^ meri- 

1. K. I>. 24297, 1902; .ahst. J*. S. C. I. lOO’), 24, 270. 

2. E. P. 1.89.7. 

2. E. P. .0772, 1914; abst. J. S. C. I. 191.0, 34, 81R. See 1). Irvin, 
Mining Sci. Press, 1918, 117, 109; abst. C. A. 1918, 12, 2042. Montgomerj’ 
it Co.. J. >S. C. I. 1916, 35, 44. According to F. Dafert (Monats'i. 1908, 29, 
22.0; abst. J. S. C. I. 1908, 27, 081), chemical examination of #ight specimens 
“calische'' from widely dilTerent .sources showed that in all cases the por¬ 
tion soluble in water contained calcium, magnesium, potassium, .sodium, 
nitrate, chloride, sidfatc and iodate. In nihst cases, perchlorates also were 
present; and in the two specimens richest in nitrates, small quantities of 
chromates were hamd. In no case did the soluble portion contain bromide, 
borate, nitrite, ammonia, carijonate, phosphate or iodide. Xhe specimens 
richest in so<liinu nitrate contained also much potassium nitrate. Different 
views as to the causes of the presence of iodate and perchlorate are discussed, 
the author being inclined to the hypothesis that iodate and periodate are 
produced by the action of the higher ox4des of nitrogen, or of their unstable 
compounds with ammonia on iodide, and iwrchlorate by the oxidation of 
•chloride bv iodate. 

4. II. S. Dept. Com. Repts. No. 08, 1916, 1144; abst. C. A. 1910, 10, 

1090. 

r,. E. P. 23,791, 1912; ab,st. J. S. C. I. 191,2, 32, 1107; C, A. 1914, 8,. 
1224; Chem. Ztg. Rep. 1914, 38, 170. H. Sulman, H. Picard and Salts 
Extraction Syndicate, Ltd., E. P. 20050, 1912; abst. C. A. 1914, 8, 1048; 

J. S. C. I. 1914, 33, 24; Chem. Ztg. Rep. 1914, 38, 220. 

0 . E. P. 10188, 1911; abst, C. A. 1912, 7, 5. E. P. 9300, 1915; J. S. 

C. I. 1910, 35, 1200. 

7. E. P. 2242, 18.08. 

8 . E. P. 1.050, 1872. For extraction of .sodium nitrate in clays and 
scfiists, see F. Duvicusart, F. P, 41091,0, 1910; abst. T. S. (J. I. 1910, 3S, 1.379. 

9. E. P. 10807, 1909; abst. J. S. C. I. 1910, M, 425; Chem. Ztg. Rep. 

1910, 34, 215. , 

10. E. P. 10102, 1907; ab.st. J. S. C. I. 1908, 27, 810. 

.11. E. P. 9401, 1911; abst. J. S. C. I, 1912, 31, 129; C. A. 1912, 8, 2820. 

E. P. 10800, liUl, addn. to E. P. 9401; abst. J. S. C. I. 1912, 31, 817; C. A. 
1913, 7, ,040. See addition o^Aug. 20, 1910, to F. P. 42.0912 of 1910; abst. J. 

S. C. I. 1911, 30, 1281; C. A. 1912, 8, 1909; Mon. Sci. 1913, 79, 121; Chem. 
Ztg. liHl, 35, ,029; 191.3, 37, 382. 
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torious processes which hLve beeti proposed'from time to time.' 

In the purification of the nitrate heating the solution of 
nitrate and chfliridc to 123°-l‘i.7” for some time at atmospheric 
pressure causes the sodium chloride to coijipletely precipitate.- 
C. Uebel’ heats *he original niter with sulfuric acid or bisulfate 
to 100°-1.10° whereby the impurities are destroyed. A. Schmidt,' 
Lamb and the Allis-Chalmers Co.,“ W. Woodcock and W. Harper,* 
A. Annandale,’ J. Stanley,* and R. Lever have designed various 
types of lixiviating apparati." Cost data, production figures, 

1. For Kciicral survey i>f patents on sodium nitrate, see the followiiiR 

English Patents: I.Slll; ahst. Mon. S'ci. 1«78, 20, 7114. 3418, 181)3: 

;iOl, 3021), 1 . 81 ) 1 ); 401, 00 ,'), 3183, 1871; r,or,7, 1.878; 1481, 1870; 2810, 1881; 
4(«)1, 1.883; 13303, 1884; 14441, 188i), ahst. Chem. Centr. 1888, 59, 27. 0123, 
1887; 0710, 1.880; ahst. .Mon. .Sei. 1.800, 48, 070. 8000, 1.800; 10008, 1801; 

1.30.5. '), i;i0.50, ■r803;.5:i.5l, 1.80.5; 1.8.3')0, 180'.);ahst. Chem. Ztg. 1001, 25, .50;Mon, 

.s'ci. lOOi, 57, 1.53. .301.8, 1000; ahst. J. .S. C. I. 1001, 20, 303. 33108, 1000; 
ab.st. J. S. C. 1. 1002, 21, 18,5. 2:1042, 1002; ahst. J. S. C. 1. 1003, 22, 000. 
24207, 1003 ; 4700, 1004; ahst. J. S. C. I. 100.5, 24, 2,8. 0143, 11H)4; ahst. 
J. .S. C. 1. 100.5, 24, 441. 23iX)0, 1004; ahst. J. ,S. C. I. 100.5, 24, 081. 8721, 
1SK).5; ahst. J. S. C. I. 1000, 25, .513. 10180, l‘«)r); ahst. J. .S. C. I. 1000, 

25, 1044; Mon. Sci. 1008, 69, 108; Chem. Ztg. Rep. 1007, 31, 72. .5001, 
1000; ahst. J.. S. C. I. lOtMi, 25, 811. 10102, 1007; ahst. J. .S. C. I. 100.8, 

27, 810. 10.88.5, 1007; ahst. J. S. C. I. 100.8, 27, 447. 373, 1008; ahst. J. S. 

C I. 1008, 27, 08'). 242141, 1008; ahst. J. .S. C. I. 1000, 28, 708. 10104, 

IIHIO; ahst, J. fs. C. I. 1010, 29,' 1104; F. P. 410324, 1010; ahst. J. S. C 1. 
1010,29,13.80; C. A. 1013,6, 1000; Chem. Ztg. Rep 1010, 34, ,500. K. P. 11274, 
1000; ahst. J. .8. C. I. 1010, 29, 7.57. '0881, 1010; ab.st. J. S. C. 1. 1010, 29, 
11.57. 107,5.5, 1010; ahst. Chem Ztg. Rep. 1011, 35, 47.5. 1.5.52.5, 1010; 

ahst. J. S. C. I. 1010, 29, 1380; Mon. .Sci. 1015, 82, 0; Chem. Ztg. Rep. 1011, 
35, .545. For comminuting calcareous salti)eter, see H, Pauling, II. S. P. 
107.5733, 1013; ahst. J. .S. C. I. 1013, 32, 101)7; C, A. 1013, 7, 40.50, 

2. Process of Gibhs & Co., ‘The Kestner Fivairorating Co. I. Hobs- 
bawn and J. Grigioni, It, P. 12474, 12475, 1014; abst. J. .S. C. 1. 1015, 34, 

71.5, 700; U. S. P. 12.301(52, 12301(13; abst. J. S. C, I. 1017, 36, 873. 

.3. U. S. P. 1082781; ab.st. C. A. 1014, 8, 702; Mon. Sci, 1014, 81, 05. 
F. P. 451000, 1012; abst. J. S. C, I. 1013, 32, 003; C. A. 1013 , 7, 3:507; Mon. 
Sci. 1014, 81, 0; Chem. Ztg. Rep. 1013, 37, 420. E. P. (with E. Wikander) 
28844, 1012; abst, J. S. C, I. 1013, 32, 7(K); C. A. 1014, 8, 18.50. E. P. 1247.5. 
1014; abst. J. S. C. I. 101.5, 34, 700. I), R. P. 201874; ab.st. J. S. C. I. 101.5, 
34, 700; C. A. 1013, 7, 3308; Chem, Zentr. 1013, 84, I, 403; Chem. Ztg. Rep. 
1013, 37, 412; Wag Jahr. 101.3, 59, I, 435; Zts. ang. Chem, lOMi, 26, 404. 

4. I). R. P. 243040; ahst. C. A, 1012, 6 , 2107; Chem. Zentr. 1012, 
83, I, 800; Chem. Ztg. Rep. 1012, 36, 100; Wag. Jahr. 1012, 58, I, 422; 
Zts. ang. Chem. 1012, 25, .501. 

5. U. S. P. 1(X),50.53; abst. C. A. 1013, 7, 2008; Chem, Ztg. Rep. 1013, 
37, ,503. 

0. R. P. 3018, lO(X); jbst. J. S. C. I. I'Xll, 20, 203. 

7. E. P. 3183, 1871. 

8. R. P. 4700, 1004; abst. J. S. C. I. 100.5, 24, 28. 

9. R. P. 1030, 1873. For the effect of small amounts qf iodine in nitric 
acid and ."(odium nitrate used for nitroglycerol manufacture, sec R. White, 
J. South Afr. Assoc. Anal. Chem, 1010, 2, 7; abst. C. A. l!Hr2,14, 841. 




nitrFc acid 


731 


etc., may be found in the papers of N. Ugalde,' M. Prieto''* and 
I. Hobsbawn.* The Norsk Hydroelektfisk KvaelstoP describe a 
process for converting sodium nitrate into a fine powder *pecially 
.suitable as a fertilizer. 

Chili Saltpeter Statistics. C. Mimroe,*’ L. .Cariola," H. Le 
Chatelier and B. Bogitch,’ W. Montgomery’* afid others," have 
* 1. Bol. Soc. Komento Kabril, Sautiagi) dc Cliilu, 32, S.W; lOKi, 

33, IS; abst. C. A. lOHi, 10, li)l4. According to A. Allen (Ung. Mining J. 
1917, 103, 2;K); abst. C. A. 1!)I7. 11, 1920) the calischc or niter-bearing 
rock i.s handpicked and alt fines are rejected. It is then carted to cen¬ 
tral loading stations and crushed to a size suitable for leaching treat¬ 
ment. The calische is delivered to the leaching vats in gable trucks. The 
vats are rectangular and are grouped in nests. They hold about SO tons. 
Kach tank has a filter Irottom and is lined with steam coils, '[he solvent 
liquor used is the mother-liquor from the crystallizing tanks, and is so 
circulated that the nitrate content of the liquor is gradually enriched 
by iiassage from one vat to another. After the liipior is drawn olT to the 
settling tanks, the vat contents are washed with cold wifer, and the 
residue left is discharged into trucks and dumped. Vast quantities ftf slime 
accumulate under the filter-plate of the tanks, and this carries away a con¬ 
siderable quantity of the nitrate. The strong lUiuor is tested at every stage 
of the process with the hydrometer. When the density has reached a satis¬ 
factory value, the liquor is drawn off into settling tanks, and the clear liquor 
is decanted by syphon pipes from these, l.imc and guano are used as coag¬ 
ulating agents. The decanted liquor goes to the crystallizing tanks where 
it is allowed to cool. The stage at which to decant the mother-liquor is 
ascertained by sounding the crystallizing tank to ascertain the depth of the 
crystallization. The crystals of NaNO., arc* allowed to “dry, and shoveled 
into trucks and tipped to the sacking house. The NaCl occurring naturally 
with the calischc is dejiosited to a considerable extent with the slime in the 
leaching vats, but a portion goes to the crystallizing tanks. Approximately 
one-half the nitrate produced is known aj “O.l and I'jj,” or "refined” nitrate. 
This means that the shipped product contains at least 9f)% of mixed K 
and Na nitrates, and less than I'-,', of NaCl. The nitrate content of calische 
is generally ascertained by the FeSO, method. Actual recoveries of 70%-80% 
of the nitrate brought to the plants arc not uncommon. Any improvements 
jfi the process must recognize that the calische should Ire crushed only fine 
enough to permit free penetration of the solvent, and the slime .subjected to 
such treatment as will aid in the recovery of its nitrate content. 

2. Hoi. ,Soc. Nacional Mincria. Santiago dc Chile, 191.5, 27, 510; ab,st. . 
C. A. 1910,1®, 1914. 

a. Met. Chem. ICng. 1917, 18, 2511; abst. C, A. 1910, 10, 120-1. 

4. D. R. P. 276814; abst. Chem. Zenlr. 1914, 85, II, 440; Chem, Ztg. 
Rep. 1914, 38, 457; Wag. Jahr. 1914, 60, I, 1174; ZLs. ang, Chem. 1914, 27, 
545. R. Fairlie, K. P. 111011, 1872. For physical constants of sodium nitrate, 
sec T, Catnellcy, J. C. S. 1878, 33, 277, 

5. J. Ind. Eng. Chem. 1909, 1, 297; abst. C. A. 11X19, 3, 1914. 

• 6. Bol. Soc. de Fomento Fabril Santigao de Chile, IJll?, 34, 71; abst. 
C. A. 1917, li, 2201. 

7. Compt. rend. 191.5, 161, 475; abst. J. S. p. I. 1915, 34, 1141. 

8 . J. S. C. I. 1915, 34, 27. 

9. U. S. Com. Rep. 1915,176; abst. J. S. C. I. Ann. Rep. 1910,1,116. U. 

S. Com. Rep. 214 Dec. 1915, No. :{03: abst. J. S. C. I. 1916, 35, 304. U. S. 
Com. Rep. Mar. 7, 1916; abst* J. S. C. I. 1910, 35, 467. Chem. Trade J. 
1908, 43, 394; abst. C. A. 1909, 3, 361. Chem. Trade J. 1908, 43, 533; 44, 
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given exhaustive and detailed statistics on the production of this 
commodity, to the original articles of which'the reader is referred. 

Potessium Perchlorate. In addition to nitrogen, potassium 
perchlorate is also found in the original calische, sometimes to as 
high as 4%. Recovery of this by fractional crystallization has been 
worked out by 'F. Foclsch & Co.* and by H. Kger,** advantage 
being taken of the differential solubility of sodium nitrate and 
pota.ssium perchlorate in hot and cold water. 

Analysis of Sodium Nitrate. The analysis of commercial 
nitrate of soda involves, in its completeness, the following scries 
of determinations. 

Sampling. Take a double handful from each of eight bags 
in each carload, or in each ten tons, mix thoroughly by hand, 
and from this select a sample of not less than a kilo. Grind the 
whole sample as cpiickly as possible in a mortar to minimize loss 
of moisture, mix thoroughly, and place in a gla.s.s stoppered con¬ 
tainer. 

Moisture. A ten gram sample is gently heated in a ])latinum 
crucible to "’140° in an air bath with occasional stirring or until 
the niter just fuses, cooled in a desiccator and weighed. 'I'hc 
operation is repeated until a constant weight is olrtained. Ijach 
loss of 0.1 gm. in weight corresponds to 1'’; of moisture present. 

Insoluble Matter. I'‘ifty grams of the powdered sample is 
quickly weighed off to an accuracy of at least 0.1 gm. placed in 
a Gooch cmcible or a tared filter paper in a tunnel, and washed 
to exhaustion with warm distilled W’ater, the filtrate being made 
up to a definite amount and allowed to cool. Thg crucible (pre¬ 
ferably) or tared filter paper is then dried to constant weight, in 
a cnirrent of air at 120°. Each 0.1 gm. of residue corresponds 
to 0.2% insoluble. If it is suspected that there is considerable 
insoluble organic matter present, the crucible or filter may be 

74; abst. C. A. 100(1, 3, 100 .'!. Chem. Trade J. 1010, 510. Chom. Ind. 1010, 
39, 248; 1010, 33, T.’iS; abst. Oil Paint and Drug. Kept. Sept. 2.5, 1010; J. S. 
C. I. 1016, 35, 1058; Zts. ang Cliem. 101.5, 28, .'iOO; 1010, 29, 102. 

1. D. R. P. 12.5206, lOlKJ; abst. Zts. ang. Chom 1001, 14, 1167; J. S. 
C. I. 1902, 21, ,51; Mon. &i. 1!K)2, 58, 71; Chem. Zentr. KKH, 72, II, 1101; 
Chem. Ztg. Rep. 1001, 25, !)80; Chem. Zts. 1902, 1, 280; Jahr. Chem. 1901, 
54, :i02; Wag. J.ahr. 1901, 47, I, 482. 

2. D. R. P. 16.5:110; abst. Mon. .Sci. 1006, 65, 148; Chem. Zentr. 1906, 
77, II, 468; Chem. Ztg. 190.5, 29, IHOI; Wag. Jahr. 190.5',' 51, I, 441; Zts. 
ang. Chem. 1006, 19, 031; Zts. .Schiess. Spreng. 1906, 1, 49. 
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ignited, the difference between the weight of the water-insoluble • 
and the ash representing the insoluble organic portion in the 
sample. ^ * 

Potash. Ten gm. are evaporated to dryness with HCl several 
times in order to completely ctmvert the salts to chlorides, the 
mass being then dissolved in distilled water ^nd the potassium 
’ determined as outlined in Treadwell’s “Analytical Chemistry,” 
2, 49. HCl gas is conducted into the solution which has been 
concentrated as much as possible, until it has become saturated 
with the gas, the lower end of the delivery tube being enlarged, 
and not allowed to dip into the liquid. To each 100 cc. of the 
solution, 2 cc. of water is now added, the precipitated sedium 
chloride allowed to settle, and the solution poured through a 
funnel provided with a platinum filter cone. Tlip precipitated 
salt is washed three times by decantation with %% cthy4 alcohol, 
transferred to the funnel, dried by suction and then washed three 
times more with alcohol. • 

In the solution there remains the pota,ssium, some sodium, 
and possible calcium, magnesium and sulfuric acid.* The solution 
is evaporated to dryne,ss on the water bath if possible (or if sul¬ 
furic acid is present the last traces Aaf the free acid are removed 
by means of a free flame), the residue is weighed, and for every 
decigram of the salt mixture, 3 cc. 2/N HCl added, with more 
than enough chloroplatinic acid to precipitate all of the potassium, 
and the liquid is evaporated to a paste. It is then treated with 
10 cc. absolute alcohol and well*stirred. After standing 5 min., 

■) cc. ether is added, the mixture allowed to stand 30 min. under 
i bell-jar and then filtered. As the residue often contains small 
imounts of other chloroplatinates, it should be purified as follows: 
The precipitate is allowed to dry in the air, then dissolved in a 
little hot water, a few drops of chloroplatinic acid added, and the 
above operation repeated. The precipitate thus obtained con¬ 
tains all of the potas-sium in addition to some NaCl and possibly 
tla 2 S 04 . It is wa.shed with a mixture of ether and alcohol until 
the liquid pa,sses through the filter completely colorless, after 
which the precipitate is dried, moistefied with hot water, and 
digested on the water bath with a few drops of pure mercury, 
constantly stirring with^ a glass rod until the liquid appears per¬ 
fectly colorless. This decomposes the potassium chloroplatinate 
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with separation of platinum, which is readilj^ precipitated. 

The mixture is thoroughly dried on the water bath and gently 
ignited untH the Hg is volatilized, the platinum meanwhile being 
changed to a dense form readily washable by decantation. After 
cooling the mass is washed with water, the ^ueous portion de¬ 
canted through a filter, and the residual metal washed with hot 
water, dried and cautiously ignited. The filter is ignited in a ’ 
platinum spiral, its a.sh added to the main portion of the platinum 
in the crucible which is now ignited, and weighed. The weight 
obtained X 0.7(112 gives the amount of KCl, or X O.ilSKU gives 
the corresponding amount of K. The digestion of the potassium 
chloroplatinate with mercury is carried out in a silica basin. 

Chlorides. Ten gm. are dissolved in distilled water and the 
solution titrated with N/\() AgNOs, using KaCrOi as indicator. 
The chloride is calculated as percentage of NaCl on the sample 
as received. 

Perchlorates. A mixture of 10 gm. of sample and 2 gm. 
CuO is fused in a nickel crucible for 20 min., and when cold 
the fused mass is treated with distilled water and the aqueous 
extract titrated with N/U) AgNOj, using K 2 CrOi as indicator. 
The perchlorate equivalent of the chloride corresponding to the 
difference between the value obtained by this test and that 
obtained in the foregoing test, is calculated, and after correcting 
for any iodate which may be present, the result is expressed as 
percentage of KCIO4 in the sample as received. 

Sulfates. Ten gm. are boiPed with distilled water and the 
solution filtered, the filtrate again raised to boiling, and any 
sulfate pre.sent precipitated by the addition of 10 cc. of warm 
10% BaClj. The whole is kept hot on a sand bath for an hour 
to granulate the precipitate, the liquid filtered, washed free from 
chlorides and ignited in a silica or platinum crucible. After com¬ 
plete incineration of the filter paper, one drop each HNO3 and 
HjS 04 are added to the precipitate before the final ignition. The 
result is calculated^ as precentage of NajSOi on the sample as 
received. 

lodates. A mixture ©f 10 gm. sample and 2 gm. CuO are 
fused in a nickel crucible for 20 min. When cold, the fused mass 
is extracted with distilled water and the solution aoidified with 
acetic acid- It is then transferred to a separatory funnel, a few 
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cC. CuS 04 solution added and thor(jughly mixed with the solu- ’ 
tion. 20 CC. chloroform are next added and the whole well 
shaken. The chloroformic layer is next well washed *vith water 
and finally titrated with N/U) NajSjOa solution until the pink- 
color is discharged. As usually but a trace of iodate is present, 
but a few drops of thiosulfate are requjrecf. The chloroform 
layer contains only half of the total iodine resulting from the 
iodate present in the sample. If there is an appreciable quantity 
of iodate present, the requisite deduction is made from the value 
obtained for perchlorate. 

Nitrites. Ten gm. are dissolved in distilled water, and a 
few CC. m-phenylenediamine .solution added. A brownish colora¬ 
tion shows the presence of nitrites. 

Estimation of Nitrate in Chili Saltpeter. Numerous jnethods 
leading to results far from concordant have been proposed, and 
have been arranged by Boeckman in the following summary: 

(1) Reduction of the nitrate to nitric oxide. Methods of 
Lunge (see page 908), of Schlosing-Grandeau’ as improved by 
P. Wagner,* and the method of H. Wilfarth.’ 

(2) Reduction to ammonia in alkaline solution. Method of 
A. Stutzer,^ by reduction by NaOH and aluminium wire. Method 
of Sieverf’ by reduction with zinc dust, reduced iron and alco¬ 
holic KOH. 

(3) Reduction to ammonia in acid solution. Hydrogen re¬ 
duction method of K. Ulsch,® aftd the methods of T. Schmitt,* 

^ A. Siillwald,* O. Forster,” and the electrolytic methods of K. 
Ulsch*" and L- Ingham.” 

(4) Reduction to Nitrous acid. Method of F. Ganttcr,'* 

(5) Determination of the nitric acid by means of the "hydro- 

1. Agrikutturchem. Analyse, p. 23. 

2. Chem. Ztg. 1883, 7, 1710. 

3. Zts. anal. Chem. 1888, 27, 411; abst. Jahr. Chem. 1888, 41, 2534. 

4. ' Zts. ang. Chem. 1800, 3, 095; abst. Jahr. Chem. 1890, 43, 2401. 

• 5. Sec E. Fricke, Zts. ang. Chem. 1891, 4,240; abst. Jahr. Chem. 1891, 

44,2431. “ ' 

6. Chem. Centr. 1890, 61, 11, 920; Zts. a^. Chem. 1891, 4, 240. 

7. Chem. Ztg. 1890, 1^ 1410; Zts. ang. Chem. 1891, 4, 240. 

8. Chem. Ztg. 1890, 14, 1674. 

9. Chem. Ztg. 1888, 12, 15.56; 1889, 13, 229; 1890, 14, 1674. 

10. Zts. 0ektrochem. 1^97, 3, 646. 

11. J. A. C. S. 1904, 26, 1251. 

12. Zts. anal. Chem. 1896, 34, 26; abst Jahr. Chem. 189.5, M, 2771. 
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■gen deficit," according to the method as perfepted by K. Ulschi’ 
((i) Pecomposition with HCl. The O. Forster,^ G. McGowan,’ 
H. Neubg,ner‘ and, R. Bensemann’ methods. 

(7) Ignition methods of H. Pauli* and Alberti and Hempel.’ 
(S) Soda lime >combustion methods of G. Arnold,’ A. Hou- 
zeau'-’ and E. Boyer; 

(9) Precipitation with “nitron” according to M. Busch." 

1. Zts. anal. Chcm. 1891, 30, I7.'>; abst. Jahr. Chcm. 1891, 44, 24.82. 

2. Chein. Ztg. 1890, 14, .809; abst. J. C. S. 1890, 58, 1400, bandw. 
Vcrsuchs Stat. 38, 10,8. 

3. Chem. News, 1891, 63, 24,8; Zts.ang. Chein. 1891, 4, .8,87. Compare 
J, Clennell, Kng. Mining J. 1918, 106, 000; abst. C. A. 1919, 13, 10. 

4„ Zts. ivnal. Chem. 1900, 39, 498; abst. J. S. C. I. 1900, 19, 1040. 

.8. Zts. ang. Chem. 1900, 19, 471; abst. J. S. C. I. 1900, 25, 337. .See 
also J. S. C. 1. 190o, 24, 091. 

0. J. S. C. 1. 1897, 16, 494. In this eonnection see B. Sjollema, Chem. 
Ztg. 1890, 20, 1()02; abst. J. ,S. C. 1. 1.897, 16, 103. F. Winteler, Chem. Ztg. 
1897, 21, t03; abst. J. S. C. I. 1897, 16, 3,88. 

7. Zt.s. ang. Chem. 1892, 5, 103; abst. Jahr. Chem. 1.892, 45, 2.812. 

8 . Chem. Ztg. 188.8, 9, .833, 71.8; Rep. anal. Chem. 188.8, 5, 41. 

9. Compt. rend. 18^, 100, 1445; abst. Chem. Ztg. 188i8, 9, 998. 

10. Compt: rend. 1891, 113, .803; abst. Jahr. Chem. 1891, 44, 2437; 
Bull. ,Soe. Chim. 1892, 7, 1 .8,8. 

11. Ber. 190.8, 38, 8 .8(), 801; abst. J. S. C. 1. 190.8, 24, 291; J. C. S. 190.8, 

88, i, 282, .307. A. Gutbier, Zts. ang. Chcm. 1905, 18, 494; abst. J. C. ,S. 
190.8, 88, ii, 418. M. Busch, Z. Nahr-Geniissm. 190.8, 9, 404; abst. J. C. .S, 
190.8, 88, ii, 418. G. I.uiige anif E. Berl, Zts. ang. Chcm. 190.8, 18, 1081; 
abst, J. C. .S 1900, 90, ii. 49. M. Bnseh and G. Mehrtens, Ber. 190.8, 38, 
4049; abst. J. C. S. 1900, 90, i, 11.8. M. Bu.seh, Ber. 1900, 39, 1401; abst, 
J. C. S. UKX), 90, ii, 392. Zts. ang. Chem, 1900, 19, 1329; abst. J. C. S, 
IIKIO, 90, ii. 708. C. Paal and G, Mehrtens, Zts. Nahr-Genussm. 1900, 12, 
410; abst. J, C. S. 19(Hi, 90, ii, 898. M. Busch, J. prakt. Chem. UK)0, 182, 
.833; abst. J. C. S. 1907, 92, i, 2.89. S. Collins, Analyst, t<KI7. 32, 349; abst. 
J. C. S. 1907, 92, ii, 349. R. AdamfBiill. Soc. Chim. Belg. 1907, 21, 229; 
abst, J. C. S. 1907, 92, ii, 0,81. H. Visser, Chem. Zentr. 1907, 78, I. 302; 
abst, Chem, Weekblad, 1900, 3, 743; J. C. .S. 1907, 92, ii, 394. J. Utzeii- 
dorff, Zts. ang. Chem. 1907, 20, 2209;'abst. J. C. S. 1908, 94, ii, 130. Utz, 
Zts. anal, Chem. 1908, 47, 140; abst. C. A. 1908, 2, 1070, M. Busch and 
G. Bliime, Zts. ang. Chem. 1908, 21, 354; abst, J. C. S. 1908, 94, II, .328. 
A. Hes, Zts. anal. Chem. 1909, 48, 81; abst. J. C. S. 1909, 96, ii, 26.8. H. 

P'ranzen and Iv. Lohman, J, prakt. Chcm. 1909, 79, II, 330; J. C. ,S. 11X19, 

96, ii, 015. M. Busch, Zts. anal. Chem. 1909, 48, 368; abst. J. C. S. 1909, 

96, ii, 015. P. Booth, Zts. anal. Chem. 11X)9, 48, 37,8; abst. p, C. 8. 1909, 

96, ii, 615. C. Paal and A. Ganghofcr, Zts. anal. Chem. 11X19, 4^ 545; 
abst. J. C. S. 19(XI, 96, ii, 7.89. I.. Radllierger, Chem. Zentr. 1910, u, II, 
68 .8; from Oesterr uiig. Z. Zuckerind. 1910, 39, 4.33; J, C. S. 1911, 100, 09; 
C. A. 1911, 5, 1721. C. Paall and A. Ganghofer, Zts. Nahr-Genussm. 1910, 
19, 322; abst. J. C. S. 1910, 94, ii, 4.83. A. Vasilieff, J. Russ. Phys. Chem. 
Soc. 1910, 42, ,807; abst. J. C.ii. 1910, 98, ii, 1109. S. Seydel and t. Wichers, 
Zts. ang. Chem. 1911, 43, 2040; abst. J. C. S. 1911, 100, ii, 11,32. G. Storm, 
Bureau Mines Bull. 90, 05. W. Cope and G. Taylor, Bureau Mines Tech. 
Paper 160. R. Escales, "Die ivxplosivstolTe,” 191.8, 6 , 351. G. I-unge arid 
fi. Berl, Chcmisch-technische Pntersuchungs Methoilen. 1911), I, 391. G. 
Burrell and 1*. Seibert, Bureau Mines Bull. 42. 
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Determination of Nitrate by Nitrometer.^ For this determina-' 
tion, a portion of the sample is partially dried as it is. difficult 
to obtain a representative sample from the powdered wjt material. 
For this purpose about 100 gm. are partially dried by heating 
in an air oven for 2 hours at 105°. The niter is then quickly 
powdered in a mortar and transferred J;o *a stoppered bottle 
which is kept in a desiccator; the actual percentage of moisture 
in this material being determined as described above, and the 
results finally calculated back on the sample as received. About 
0.4 gm. of the dried sample accurately weighed, is emptied into 
the dry cup nitrometer, and washed in with 1 .b cc. distilled water. 
14 cc. 04.5% II 2 SO 4 are then measured out in a graduated'cylin¬ 
der; 8 cc. of this acid are used in 4 successive portions of 2 cc. 
each for washing down the cup, and the remainingHi cc. are then 
added, and the aip well drained into the nitrometer. l5eeompo- 
sition is effected by shaking continuously for 2 min. (checked 
by a watch) under suction, after which tfie tube is set up and 
approximately le/eled. After 10 min. the nitrometer is again 
shaken under slight suction for half a minute and then .set up, 
aijproximately leveled and allowed to cool. After at least a 
half hour the tube is accurately leveled by raising or lowering, 
until on cautiously opening the tap, tl.e drop of sulfuric acid 
contained therein shows no movement. This condition is best 
approached from the suction sidt. The volume is then read and 
the temperature of a thermometer suspended in close proximity 
to the nitrometer observ'ed to the nearest 0 . 1 °. The barometer 
is then adjusted and read, the temperature as recorded by the 
attached thermometer being observed before touching the instru- 

1. In the method of niter analysis of R. Bensemann (Zts. aiig. Chenl. 
HIO.'), 18, 810; abst. J. ,S. C. I. lOOrj, 24, 091) the sample is dissolved in water, 
and evaiJorated to dryne.ss with twice its weight of oxalic acid; to the residue 
water is added, and the evaporation repeated. This is done from one to 
five times. The nitrate and chloride present are completely decomposed, 
the iierchlorate and sulfate are not. The residue is now heated to redrress 
in a platinum basin for some minutes, to decompose the perchlorate; it is 
yieii dissolved in water, and the solution made up to a known volume. In 
a portion of this the alkalinity (carbonate) is determined by titration; this 
corre.sponds to the nitrate and chloride originally present. A second por¬ 
tion is acidified with nitric acid, and titratedewith silver nitrate; this gives 
the chloride corresponding to the original perchlorate. A third portion (or 
spme of the original substance) is used for the determination of sulfate. The 
chloride is also determined in a portion of the original substance, and the 
nitrate is, of course, obtaintd by subtracting an amount equivalent to this 
chloride from the joint result given above. 
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merit,' and the tables as shown in Chaptei; VIII referred to. 

The volume of gas in the nitrometer is then re-read, first 
trying the,lap tc see if the gas is still in equilibrium, and making 
any adjustments found necessary. Thermometer and barometer 
corrections arc thcji made as described elsewhere in this volume. 
After correcting the volume of nitric oxide to normal temperature 
and pressure, the percentage of NaNOs in the dried sample is 
calculated, and “solubility” applied to correct for the solubility 
of NO in H 2 vS() 4 . 

Under the conditions of the test, this amounts to 0.4% of 
the percentage of NaNOj found, i. e., if the sample shows 90.4% 
NaNOj, the solubility correction will amount to 0.4% of 90.4 
or ().;{,S and the true result will be 90.71S%.- 

Determination oj Nitrate hy Titanous Chloride. It has been 
found that when titanous chloride is added to a strong solu- 

1. Accordinx to W. Allen (Eighth Inti. Cong. Appl. Chcni. 1912, 1, 
19; abst. J. S. G. I. 1912, 31, 921) by means of complete and comparative 
analyses, the inaccuracy of the "refraction" (difference) method for the 
estimation of so(,lium nitrate in the commercial salt is shown. Direct deter¬ 
mination of the nitrogen by a morlification of Devarda's process is recom¬ 
mended, the distillation being conducted in a modified form of Knorre’s 
apparatus provided with ground-glass connections. 1 gm. of the sample 
is treated with 3 gm. of Devarda's alloy (containing 4.9% of aluminium, 
.■g) of copper and o of zinc) in the presence of 2.1 cc. of a 20% solution of 
sodium hydroxide, the ammonia produced being absorbed in standard sul¬ 
furic acid. When the violent action caused by the introduction of the alloy 
has subsided, the distillation is continued in a current of air, the flask being 
heated hy immersion in boiling water; before entering the vessel containing 
the standard acid, the gaseous products are passed through an ui)wardly 
inclinerl, steam-jacketed scrubber (containing glass wool) to prevent alkali 
"mist’’ from being carried over. For the titration, a solution of methyl red 
is used as indicator; the latter iK'ing,sensitive to carbon dioxide, all the 
water employed in the process must be boiled before use. Tfie standardiza¬ 
tion of the sulfuric acid, in terms of sodium nitrate, is elTected by a procedure 
identical with that of the assay, pure potassium nitrate Ixdng employed for 
the purpose. Although not so rapid as the nitrometer methrxl, the process 
is stated to be triorc easy of manipulation and is Itclievcd to be more accurate, 
the results of duplications agreeing within 0.1.5%. 

2. J. CIcnnell (F.ng. Mining J. 1918, 10$, 660; abst, C. A. 1919, 13, 
16) has dcscrilwd a morlification of the Pelouze method for the determination 
of nitrate in calische. The author finds that FeSO, is not easily oxidized by 
the atmosphere, as is commonly supposed. Prolonged boiling of caliche 
with Fe.SO, does not completely oxidize the ferrous to ferric unless the mix¬ 
ture contains a considerable concentration of HjSOr. When chlorides are 
present in the calische, they afio are reduced, causing high results. They also 
reduce KMnO, in the final titration unless the decomposed sample Is suffi¬ 
ciently diluted. A standard solution of F'eSO, with the necessary amount 
of free HjSO, does not keep owing to the formation of an insolul^ precipitate. 
He advizes a solution only slightly acidified. Since the Itoiling cannot be 
hfirried, a determination required about 4.5 minutes. 
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tion of NaOH, the reaction which eijsues results in precipitation * 
of white titanic hydroxide and the liberation of H. The reac¬ 
tion proceeds in the following two steps: 

TisCl. -1- ONaOH = TiafOH)* -|- (INaCl 
Ti2(()H)6 -I- 2 H 2 O = 2'ri(OH)4 -f Hj; 

The first reaction results in the precijiitation of black titan- 
ous hydroxide, which decomposes into nascent hydrogen and 
white titanic hydroxide. If the reaction be performed in 3 solu¬ 
tion containing nitric acid, the H reduces the latter, with the 
formation of ammonia (HN():i 4 H 2 NH 38 H 2 {)). The ammonia 
thus produced may be collected in standard acid, the quantity 
of nitric acid originally present being calculated from the amount 
of acid neutralized. 

In practice 20 gm. of the powdered sample isVcigljed into 
a distilling flask and about 10 gm. NaOH added, together with 
75 cc. water. The solution is brought to a l^il and 20 cc. of 15'/( 
solution of titanous chloride added by means of a separatory 
funnel fitted to the flask. The latter is connected to a Kjcldahl 
which leads into a receiver containing 20 cc. iV/lO II2SO4. Ihe 
flask is boiled for 20 minutes, disconnected, and the distillate 
titrated back with N/U) NaOH. 

Recovery of Niter from Chili Saltpeter Bags. In this plant 
are washed the empty bags from the niter sheds, the double ob¬ 
ject being the recovery of the soiiium nitrate, and the production 
of a clean and merchantable b^g. There is, in addition, the 
danger that if the bags are not washed, they may spontaneously 
ignite when packed and stored.* 

The bags are first boiled in a cylindrical.containcr, and are then^ 
passed successively through a series of washing troughs counter- 
current to a stream of hot water, the bags being hand trans¬ 
ferred from the boiler to trough, and from trough to trough, by 
hand. Usually four troughs are provided, the bags after leaving 
the first trough being centrifugally wrung, and finally dried, the 
“fbis” dryer haying been extensively used for this purpose in 
, England. 

The hot water supply enters the system at the last trough 
and flows forward to the boiler, gradually increasing in nitrate 

1. Data m this topic Whs been drawn from the reijort on H. M. Fac¬ 
tory, Queen’s Ferry, Acid Section, V. Gloag and J. Riley, 1918. 
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concentration on the way. -From the boilcr-.-whcn sufl(iciently 
concentrated, it is blown by air to an overhead tank, from which 
it passes 1w a c«icentrator as of the Kessncr or Zaremba type, 
and is delivered to mild steel crystallizing pans. 

The crystals aVe drained, sometimes centfifugalized, bagged, 
and sent to the niter storage house, the mother-liquor being 
returned to the circulating system until it becomes too foul for 
profitable utilization, when it is discarded. 

In the unwashed bag store, the bags arc received in trunks, 
unloaded, brushed to remove adhering crystals and conveyed by 
belt or trolley to the boiler. The latter comprises a perforated 
steel drum of .'i' diameter and -t' deep, with 2" perforations at 
4" centers, and containing a perforated steam coil. Here the 
bags are boiled, then pressed, as by a pneumatic piston press of 
the Douglas-Frascr pattern, in order to remove as much as pos¬ 
sible of the concentrated niter liquor. From the boiler, the bags 
arc removed to the troughs, a convenient size being 12' X 4' X 
deep. The last trough is fed with water from an overhead 
tank. From the last trough, the bags pass to an electric or belt 
driven laundry centrifuge, of .'hi" 40" basket, making 1100 1200 
revolutions per minute, the drainings being pumped to the next 
to last trough. 

The Ibis type of dryer has been used at the (jueen Ferry 
Plant, Fingland, and are 20' X ID' wide, the bags at the feed end 
being clipped to traveling nxl^ so arranged that when the rod 
reaches the delivery end they arc automatically released, 'rhe 
drying is done by hot air generated by a OO" fan blowing air 
over a cast iron steam radiator situated at the delivery end of 
the apparatus, 'fhe capacity of each drier is about 200 bags, 
and will dry 120 bags per hour. 

The clean bags are sorted and stored in a fire-proof building. 
'I'he liquor from the boilers is circulated until the gravity is 
sufficiently high to admit of profitable concentration. When 
this point is reached, it is blown through a filter press to remove 
extraneous impurities into the main feed tank for the evaporators. 
The feed tank to the evaporators is of mild steel construction, 
lagged, and fitted with overflow and discharge pipes. The watpr 
tank feeding the last trough is preferably of the sam<? dimensions, 
^nd acts as a catch-all for the condensed water from the steam 
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• traps. This metlKxl is .said lo^havc proven finite efRcienl. 

In the Kestner form of evaporator, the horizontal type consists 
of a bank of four tubes 1(1' d" long and arrangjpd wijji concentric 
steam pipes. The concentrated liquor is fed in at the bottom 
of the nest of tubes, the steam entering at tlie top on the counter- 
current principle. During its passage ^th?ough the tubes the 
liquor is concentrated and is finally discharged into a cast iron 
separator, the steam escaping to the atmosphere, and the liquor 
running to the launders. 

The concentrated liquor from tlic evaporator is distributed 
into one or more water-cwtled pans to permit of crystallization. 
These may be bfi' X 4' 9", being 9" deep for 10' Of theif length 
and grading through the last h' down to a depth of 1". They 
are constniclcd of mild steel plates one-fourth inch thick, and 
each is set in a cooling pan 1.V8" X o'fi" X 12" dcep,'fitted with 
water overflow. After the niter has crystallized out, it is drained 
and the. mother-liquor returned to the circulation tank by means 
of a steam injector. 

The washing yields a bag containing about NaNOs and 
lO'jv; HjO, about O.ti.j long tons sodium nitrate per day w'ith a 
water content of lO.o'/f, from th!' efficient working of a plant 
handling l.'jOOO bags per week. The average NaNtb content 
of unwashed bags is about 29';,'. Bags may be charged into the 
boiler at the rate of about .fid per hour it being e.xpcdicnt to have 
at least one spare boiler. The complete cycle of operations in 
the boilers takes about one hour, the washing operation in the 
troughs being phased synchronously. An evaporator should be 
used which will evaporate 220-240 cu. ft. of liquor per 24-hour 
day with a 'i'/i NaNOs content, and deliver l.fiO-lGi) cu. ft. per 
day with a fiO'X, NaNOs content. Where four troughs are em¬ 
ployed in the washing cycle, the gradient backwards to the 
boiler is about as follows: Trough 4, lfi.2'/f, NaNOa, temperature 

trough 3, lO.O'/c, 33°; trough 2, 24.1';[,, 41°; trough 1, 30.0'^, 
,73°; and boiler, NaNCb, temperature 103°. 

Manufacture of Nitric Acid from Sodium Nitrate. In the 
United .States, practice differs as to wliether the Chili .saltpeter 
,is or is not dried before introduction into the nitric acid retort, 
but the pfesent tendency is to pre-dry the niter on account of 
^he materially greater yield of more concentrated nitric acjd. 
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C. Clacsscn' advocates the briquetting of the niter, claiming that 
the distillation of nitric acid from a mixture of nitrate and vitriol 
is rendered piore ijiiiform, and blockage in the retorts is avoided. 
Where “green soda” (undried niter) is used, the amount of 
sulfuric acid per charge is correspondingly incrc^ised to take care 
of the additional water introduced from the niter moisture. It 
is a peculiar dbsert'ation, but satisfactory results appear not to 
be attained when the moisture in the niter is counterbalanced by 
the use of more concentrated vitriol. 

It has also been advocated to carry the drying of the niter 
to the point of fusion, the impurities which fuse at a higher tem¬ 
perature rise to the top and may be skimmed off and discarded, 
or worked over as a separate process. The main p( int of apparent 
advantage in this suggestion is at factories which also manufacture 
black powder and other explosives containing sodium nitrate. 
The fused mass may then be ground and sifted, and the finer 
pirrtions u.sed for powdlr. Where fused niter is used for nitric- 
acid manufacture, the still may be nm to dryness and a nearly 
theoretical yield obtained. 

B. Dunn^ and O. Loos' have called attention to the dangers 
from stored niter, which, when"kept in a very humid atmosphere 
deliquesces on the surface, the bag. becoming saturated with a 
solution of NaN():i. If the bag again dries it becomes highly 
inflammable, and great care should be exercised in handling such 
bags. It shcjuld never be stored in contact with wood, nor in the 
neighborhood of other combustible materials as sulfur or sugar. 
Used bags should not he stored for any length of time, but should 
pa.ss through the bag recovery pldnt as fast as emptied. The 
production of iodine from nitrate liquors,^ and the hygroscopicity 
of NaNOs,” are important problems where large amounts of Chili 
niter are dealt with. 

The theory requires S.} parts absolute sodium nitrate to 4!) 
parts H 2 SO 4 , to yield (id parts HNOj and 71 parts NajSOc, where 

1. li. P. 0102, 101.5; ahst. J. S. C. 1. 101.5, 34, 1000; C. A. 1010, 10,. 
2620; Moil. Sci. 1018, 85, 17; Ann. Rep. Soc. Chem. Ind. 1010, 1, 11,5. 

2. B. K. Accident Hull. 1010, No. 41; ahst. C. A. 1010,13, 2120. 

8. Arch. Suikerind. I0I8»2S, 1808; ahst. C. A. 1010,13, 2788. 

4. W. Montgomery & Co., Sept. 28, 1008; ahst. J. ,S. C. I. 1008, 22, 
11.57. W. Newton, J. S. C. 1. l'.K18, 22, 400; ahst. Jahr. Chem. 10(0, 56,. 
823; Chem. Centr. 1(K)3, 74, 11, 1.58; Chem. Zts. 10()8-1004,o3, 40; Rep. 
Chim. 1908, 3,417. * 

, 5. E. C. I. Research Report No. 11. 72, March 10, 1912. 



the following is the equation which is substantially carried out; 

2NaN03 + H 2 SO 4 = 2HN()3 + 

In practice, however, it is customary to u^e a slight excess of 
sulfuric acid over the calculated amount, in wrder to increase the 
fluidity and flowing of the niter cake {NaHSf).i), although the 
method of operating the process governs in a great measure what 
this excess shall be. It always is reduced to the minimum con¬ 
sistent with maintaining a satisfactory yield of nitric acid. For 
a two-ton retort, IKiOO lbs. dried niter and USOO lbs. !)2% vitriol 
have been found to give a maximum yield when operated efficiently. 

From the steel reinforced bee-hive niter storage house, the 
NaNOj is weighed out, and run in on trucks on ^ narrow gauge 
track, the track being built directly over the nitric* stills,' it 
being dumped directly into the still through the man-hole by 
either tilting the car, or through a dischairge bottom. The acid 
is run in the retort after the niter has been added. E. Schwarz 
and A. Bauschicher'’' use waste sulfuric acid fromjiaraffin manu¬ 
facture. The acid is either nin in by gravity, or an apparatus 
of the C. de Preville type’ may b* employed. The retort is of 
cast iron, usually tubular with rounding bottom, with man-hole 
on top, and a 3-inch outlet at the rear bottom for the niter cake. 
A preferred form of retort whiejj was used in immense quantities 
during the past few years, is that shown in Figs. 42 and 43, and 
made by the Buffalo Foundry and Machine Co., of Buffalo, New 
York. These retorts are made in sizes up to a maximum 

1. Societu Anonima I,. V’ogcl, IC. 1’. ()84(i, 1004; abst. J. S. C. t. 1!KM, 
23, 10S8. Sadtler, Chum. Trade J. 34, .517. 

2. D. R. P. 46101; abst. Wag. Jalir. I«80, 35, 2;i; Chem. Cciitr. 188?), 
60, I, 688; Bled. Tech. Chcni. Jahr. 1888-1889, 11, 476. The nitric acid still 
of R. Manser, is described in 11. S. P. 1320080, 1919; abst. C. A. 1920, 14, 

3. Sec C. Kippenlx’rger, Bcr. Pharin. Gcs. 1919, 29, 391; abst. C. A. 1920, 
14, 313. 

3. R. P. 128061, 1918; alwt. J. S. C. I. 1919, 38, 561-A. In this method 
the acid or other liquid is admitted by gravity to a vessel through a non¬ 
return valve and expelled by coinpres.sed air through a second non-return 
talvc. The pressure air is admitted or exhausted by means of two cocks 
which arc rototed together by a 4-tooth ratchet in such a maimer that one 
is open while the other is closed. The ratchet is rotated 90° at a time by 
means of a pawl operated by a piston which is pressed down by compressed 
air and returned by a counterweight. The movements of the piston arc 
.slow and are gontrolled in either direction, as is also the rate of expulsion of 
acid, by three-air-rcgulatin^ valves, an automatic valve being provided to 
permit the piston to rise again after reaching the bottom of its stroke, (toe 
motor may serve two sets of acid vessels and cocks, thus producing a fairly 
c^stant delivery of acid. 
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charge of 10,000 lbs. of sodium nitrate and are cast in one 
piece. .\Vher^ a two-piece retort is used the parts are fastened 
together with bolts, leaving a space of about one-fourth inch, 
which is filled ir with iron borings soaked in sal-ammoniac, the 
borings being driven in both from the inside and outside. This 
caulking will usually last for a year. It is preferable that the 
two saddles on the top of the retort where the sodium nitrate 
is charged and the nitric acid vapors are delivered to the con¬ 
denser should be cast on the still instead of being fastened with 
stud bolts, as the nitric acid fumes attack the iron rust joints, 
cau.sing leaks. 

.A.S the niter falls into the retort it naturally assumes the 
shape of a cone with the apex upward. By means of a long 
handle spoon shovel, such as is used for digging post holes, the 
sodium nitrate in the retort is carefully smoothed off by hand. 
'I'his is done in order to prevent the lower layer of nitrate being 
converted into nitric acid, and the big, solid, cone-like mass be¬ 
coming hard and falling after the lower mass becomes hot, thus 
resulting in an evolution of nitric acid vapors much greater than 
the condensing apparatus ctm handle. 

The sulfuric acid required for a charge may be measured off 
in a flat iron crock fitted with a gauge glass running parallel 
with the sides of the crock. The use of spent acid in the retorts 
inc. eases the lower nitrogen oxides, and has other disadvantages. 
After the still has been startiid, the contents of the still is not 
stirred nor agitated in any way. 

Pea coal is used as fuel, Sbout 1.50 lbs. being required per 
ton of nitric acid distilled, although the fuel consumption is sub¬ 
ject to considerable variation, depending upon the type of retort 
used, speed of working off the charge, and efficiency in firing. 
The fires are run slowly at first for three or four hours.l^ut towards 
the end of the process the heat is increased so the interior of the 
retort and the temperature of the issuing gases will be about 
180°. Slow and uniform firing and the use of a distilling acid 
of not over 93..5% H2SO4 will materially assist in lowerihg the 
percentage of lower nitrogen oxides. 

The Du Pont de Nemours Co. heats by means oi an oil-Bath.* 
Modifications of the above type of acid retorts have been de- 

1 . U. S. P. 1140;i51, 1149711, 1916; afist. J. S. C. I. 1916, 34 , 960; 
Chem. Ztg. Re]). 1910, 40 , 1.‘12; Ann. Rep. ^ocl Chem. Ind. 1916,1, 116. , 
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scribed by E. Manser,' E- Hart," C. Curtis," C. Bolz,',A. Cuin- 
ming," and others." Acid-resisting apparatus flas atio been 
described by E. Poste," General Chemical Co.," N. .Swindin'" and 
W. Camell."’ The retort furnaces of W. Fletcher," and of M. 
Prentice'" have liecn used for nitric acid distillation. 

The still may be connected to the condensation apparatus 
by means of a 4" vitrified sewer pipe containing a !)()° elbow bend, 
the end of the pipe from the retort being luted into the side near 
the bottom, of a 22-hole Hart condenser or manifold upright. 
This manifold, which is of vitrified stoneware, contains a 4" open¬ 
ing on one side, and on the other .side, 22 equal openings arranged 
in two segments, one above the other, the lower being twelve 
holes, and the upper, ten. Into each of these holes is luted 
22 glass tubes by means of shredded asbestos. At the other 
end of the 22 tubes, which are 3" internal diameter, is a similar 
manifold, but without the 4" opening on the opjwsite side. The 
mqnifold nearer the retort contains two partitions, the first being 
between the 12-13 tube, and the second between the 17-l.S tube. 
The upper ten tubes are set perfectljj level, i. e., at right angles 
to the two manifold uprights. The lower twelve tubes tip 1 '/»* 
in their length (O') towards the retort.'" The details of this form 

1. Can. P. 190284, 1919; abst. C. A. 1919, 13 , 1410. 

2. Met. Chcin. Eng. 1918. 18 , ,534; ab.st. C. A. 1913, 12 , 2043. 

3. U. S. P. 1311051; E. P. 12185.5, 1918; Can. P. 19.3579, 1919; abst. 
J. S. C. I. 1919, 38 , 107-A; C. A. 1919, 18 , 893, 2305; 1920, 14 , 100. 

4. E. P. 28941. 28942, 1910; abst, J. S. C. I. 1911, 30 , 735. 

5. J. S. C. I. 1919, 38 , 31-T; abst. C. A. 1919, 13 , 1019. 

6. V. Majerus, J, Errington and A, Hammond, E. P. 117233, 1917; 
abst. C. A. 1918,12, 2418; J. S. C. I. 1918, 37, 490-A. 

7. J. Amer. Ceram. Soc. 1919, 2 , 02; abst. J. .S. C. I. 1919, 28 , 287-A;. 
C. A. 1919, U, 1130. 

8. U. S. P. Appl. Nov. 3, 1917; E. P. Appl. 7809; 1919; abst. J. S. C. 1. 
1910 38 238*A 

9. ’ Chem.’ Trade J. 1910, 59 , .323; abst. J, S. C, I. 1910, 35 , 1095; C, A. 
1917, 11 , 1; Met. Chem. Eng. 1910, 15 , (H7, 

10. J. Ind. Eng. Chem, 1910, 8 , 922; abst, C. A. 1917, 11 , 143. Iron 
Age, 1916, 98 , 182; ab.st. C. A. 1916, 10 , 2860. Chem. ’trade J. 1910, 182. 

^ 11. U. S. P. 1156595, 1915; abst. C. A. 1915, 9 , 3334; J. S. C. I. 1915, 
34 , 1197. 

12. 1). S. P. 527718, 1891. , 

13. The object of this is so the condensed nitric acid will run Imck 
toijrards the retort, and in doing so will condense some of the hottest gases 
coming from tlje retort, thus resulting in a purer nitric acid, and one that 
is Substantially Tree from hyponitrous acid. Each condenser tube has placed 
over it for its entire length, a piece of readily absorbent cloth as cheese cloth 
or fine muslin, over which constantly trickles a stream of water, the object* 
of Jhe cloth being to more evenly distribute the water, and thus increase 
the co^en^tion of nitric acid. At the top of the condenser is a half inch 
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Fig, 41.—Hart Nitric Acid Condensing Manifoi.d 


iron pipe, in which is bored '/i holc.s every 4" of its distanee, and tliroiii'h 
which water trickles on to the upper of the 22 uUiss tulic’s, and so on down 
on the others, until finally it empties into an iron trouKh tinder the lower 
tube. This trough has a flat bottom, being about 2’ wide at the bottom, 
;{' deep and with sides flaring upward. 

In the phenestrated tubes, one end of each is cIo,sed while the other end 
remains open, the closed end of one is directly below the ojien end of the 
one next above it. Thus the liquid which runs out of the open end of one 
tube, drops into the oval top oinming of that end of the tube just below it, 
the end of which, however,*is closed. The condensing and cooling system, 
therefore, required 27 separate tubes, 22 of which are alike, and !i are sim- 
ilar, and these 27 tubes are each luted to the 4 manifolds by means of asbestos 
cement or packing. From the phencstratcr^ glass tubes, “the condensate 
runs directly into a glass adapter, and this again into a convenient glass 

^tube leading to the receiver, 

* 1. K. Hart, t;. ,S. 1>. .'■)2,')7()1, 1894; (303508, 1898; E. P. 17289, 1894; 

29391, 1910 ; 27(3.54, 1912; abst. J. S. C. 1. 1894, 13 , 1197; 1912 31 177; 
1913, 32 , 817; C. A. 1912, 6 ,. 1387. 
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glass tubes, known collectively as the “cooUng systijn” in con¬ 
tradistinction to the 22-tube manifold, designaftd asfthc “con¬ 
densing system.” From this the now thoroughly c(X)led nitric 
vapors arc run into any suitable receiver, either with or without 



the interposition of an acid condensing iower, and the process is 

finished. . , 

* At the ^commencement of the process the nitric acid has a 
sp. gr. of 1.35, distillation being continued until the gravity is 
reduced to 1.20. The heating is then discontinued, and the nitw 
cake at once run out, before the still has had an opportunity to 
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cool. Tltq, contents of the retort are poured into heavy, shallow 
iron pan!^ andVftcr cooling, broken up into convenient size by 
means of a sledge hammer. It is customary to so arrange the 
receiving apparatys that fractions of dilTeretit densities may be 
separated, ..the more ooncentrated acid being allowed to flow into, 
one receiver, and the weaker nitric acid into a separate one. 

In the A. Hough condenser for nitric acid vapors,' the con¬ 
denser comprises a casing built up of flanged sections bolted to¬ 
gether to constitute an upright apparatus. The sections are 
provided at their meeting places at opposite ends with meeting 
accurate recesses, in which pipes for the condensation are held. 
The joints between the pipe .sections arc placed outside the sec¬ 
tional gasing* and baffles in the casing cause a tortuous flow of 
cooling fluid through it around the condensing pipes. 

In the B. Dawspn method,- the gases from the retorts and 
conden.sers arc treated in an empty tower with an air spray, and 
water produced by admitting compressed air by a nozzle opening 
below the level of the water in the bottom of the tower. 

O. Guttiuann^ combines an inclined pipe subdivided into 
chambers, with tubes, bulbs and arc pipes, connecting adjoining 
chambers on top, and with elbow pipes connecting adjoining 
chambers at the bottom. In the apparatus as devised by W. 
Hayburst,* a vessel of prismatic form, having a cross-section of 
triangular or other form is pr()vided with large cooling surface. 
In one form the cross-section may be of inverted T-shape. A 
series of such vessels is arrange^ in a sloping tank, the vessels* 
being connected at the bottom. 

According to R. RosenthaB the hot gases generated during 
the manufacture or distillation of nitric acid, hydrix^hloric acid, 
or the like, are passed upwards through a condensing tube, of 
which the lower portion is air-cooled and the upper portion is 

1. U. S. P. i:fl21is, i;i202f)7, IDli); abst. C. A. lOlU, 13, 2,170; 1020, 
14,601. 

2. E. P. 120860, 123.H4, 1010; ab.st. C. A. 1010, 13, 1.510; J. S. C. I. 
1919, 33, 2.52; Mon. Sci. 1019, 8$, 41, 43. 

3. U. S. P. 472408, 1892; abst. J. A. C. S. 1802, 14, 110. Chem. Ztg.' 
1005, 29, 934; abst. J. S. C. I. 1905, 24, 934; Chem. Ceiitr. 1905, 78, 11, 
10.55; Jahr. Chem. 100.5-1908, I; 1793; Meyer Jahr. Chem. 1905, IS, 3f3. 
J. S. C. 1. l‘.H)8, 27, 667; abst. C. A. 1!K)8, 2, 2^9; Meyer Jatir. Chem. 1908, 
18, 340; Chem. Zentr. 1908, 79, II, 1068. 

« 4. U. P. 114706, 1017; abst, C. A. 1918, 12, 1.521; J. S. C. I. 1918, 

37 289-A. t 

5. b. R. P. 314293, 1018; abst. J. S, t'. I. 1920, 39, 20-A. 
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cooled by a stream of water. The^ases are partially cooled in 
the lower portion and condensation is effected ijj thtfjipper por¬ 
tion; the condensed liquid flows down the tube and meets the 
ascending stream of hot vapor whereby certain impurities, e. g., 
nitrogen peroxide in the case of nitric acid, Ve removed. The 
purified liquid passes out at the lower en*l of the tube, through 
a coil cooled by the overflowing of cooling water from the upper 
portion of the condensing tube, and into a rec'eiver; uncondensed 
gases leave the tube at the upper end and pass into an absotqition 
apparatus. 

J. Lang* passes the crude nitric vapors into a receiver kept 
warm-enough to volStilize the impurities, but cool enough to 
condense the pure nitric acid. J. Skoglund* pa.'jses nitric acid 
vapors into chambers containing broken acid-proof “material, 
condensing, and allowing the condensed acid to run again over 
the broken material to remove impurities.*' H. Nielsen’ has pat¬ 
ented a filling material for towers, and formed of a ;i-sided hollow 
body of twisted contour but with the top and.liottom edges 
parallel with each other, to facilitate regular piling. 

The theory of absorption towets for nitric acid manufacture 
has exhaustively lieen studied by J. Partington and L. Parker.* 
In the acid fumes conveyor of A. Porter,* the retorts in which 
the reactions occur arc connectixl by flues to a header having one 
or more outlets at suitable points, and connected with tanks in 
which the nitric vapors may’bc condensed. Special vessels 
for storing the nitric acid have been described by W. Hayhurst," 
W. Russell,’ Brookes Chemical Co. and N. Brooke,* and I. Wolf." 
The H. 'Weidig and R. Remmey nitric absorption tower*” is 

1. U. S. P. msrcy, 1892; at)st, J. A. C. S. 1892, 14, lGi>. 

2. U. S. P. 591087, 1897; E. P. 18362, 1888; F. P. 19-1905, 1888; abst. 
Mon, .Sd. 1889, 34, 756; J. S. C. I. 1889, 8, 478. 

3. U. S. P. 1.3076.35, 1919; abst. C. A. 1919, 13, 2265. 

4. J. S. C. I. 1919, 38, 75-T; abst. C. A. 1919, 13, 2109. 

a. Can. P. 1912.54, 1919; abst. C. A. 1919, 13, 1781. 

. 6. E. P. 122661, 1917; abst. C. A. 1919, 13, 1752; J. S. C. 1. 1919, 38, 

164-A. 

7. U. S. P. 1.31.5241, 1919; abst. J. S. C. I. 1919, 38, 805-A; C, A. 

1919, 13, 2785. • 

8. E. P. 129709, 1917; abst. C. A. 1919, 13, 2786; J. ,8. C. I. 1919, 38, 
870-A. 

9. U. a P. 1285537, 1918; E. P. 113992, 1918; abst. J. S. C. I. 1918, 

37 229-A * 

’ 10. E. P. 1082, 1888; abst. J. S. C. I. 1888, 7, 322; Wag. Jahr. 18^ 
34, 468; Mon. Sd. 1908, 69, 10,5. * 
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at the present time, but little used in the United States. 

C. Volphy' has shown that the frothing in the niter process, 
of nitric aci(i manufacture takes place ordinarily only in the last 
stage, but practical 'experience has demonstrated that often it is 
in the earlier part oi the process, while the retort is nearly full, 
that frothing is most prone to occur. 

The figures for nitric acid production in all H. M. Factories 
(England) for the thirteen-week period ending December 2!), 1017, 
are as follows: Sulfuric acid (as 100%), IhioSK.S (long) tons; 
NaNOsUsed (as 100%), .‘17020.0 tons; ratio H'.>S 04 /NaN 03 , 0.0.S.S8; 
acidity'of niter cake (calc.), 31.4%, (found) 20.0%. 

The A. Classen process of nitric acid manufacture from nitro¬ 
gen oxides^.' is Represented by the following equations: 

2NO, -f Hit) = HNOa + UNO, 

.•)NO. -I- 2H,0 = .‘SHNO, + HNO, + NO 
2N.,di 4- HsO HNOa + HNO, -f 2NO 
4Nb. -l-.-tNaOH = 2NaNOj + 2NaNO, + 20,0 
2N,o'., + 2NaOH = NaNO, + NaNO, -1- 2NO + H,0 

The conversion* of nitrogen oxides is obtained, according to the 
invention, by carrying out the oxidation in the presence of suit¬ 
able catalyzers arranged on suitable supports. 

The acid siphon of W. Szigeti,'’’ and the method of packing 
the pistons of nitric acid vacuum pumps as described by S. Drey¬ 
fus,’ are of interest in this connection. 

In the manufacture of nitric-acid, and in general in handling 
mixtures containing nitric acid, danger from poisoning should be 
continually borne in mind. Due to the care which is, bestowed 
on the construction and ventilation of modern chemical plants 
where noxious fumes are prevalent, the dang^n- from fume poison¬ 
ing at present, is not as acute as formerly. Notwithstanding the 
fact that accidents of this nature have been reduced to a minimum, 

1 T A. C. S. 1891, 13, 240; 1901, 23, 489; 1!K)2, 24, 222; 190.3, 25, 

400; J. S. C, I. 1892, 11, ;j42; 1901, 20, .'>44, 1189; 190;i, 22, 780; J. C. S. 
1892, 62, 941; 1901, M, ii, 0(K); 1902, 82, ii, .‘494; Bull. Sw. Chim. 1892, 8,« 
881 •1902, 28, 02.'); Rep. Chim. 1901, 1, 4.3.5; Chem. Centr, 1892, 63, I, .348; 
190i, 72, 11, .508, 010; 190.3, 74, 11, 532; Chem. Tech. Kep. 1892, 31, I, 232; 
Chem Zts. 1903-1904, 3, 104? Jahr. Chem. 1892, 45, 2094; 1901, 54, 202, 
203; 190.3, 56, 382; Meyer Jahr, Chem. 1892, 2, 338; llKll, 11, .319; Wag. 
Tahr 1892, 38, .3.57; Tran.s, Amer. Electrochem. Soc. 1903, 3, 28.5. • 

2 R. P. 1800.5, 1915; abst, C. A. 1917, 11, 1889. * 

.3. Chem. Ztg. 1916, 38, 122; abst. J. S. C. 1. 191.5, 34, 278; C. A. 1915, 
9 J Y)! 

’ ' 4,' E. P. 102.527, 1910; abst. J. S. C. I. 1917, 36, 201. 
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it is practically impossible to entirely prevent their recurrence. 

When care is taken to remove fumes by iciest forced 
draught ventilation little danger is present so long as the proc¬ 
esses operate normally. When poisoning h^s occurred, how¬ 
ever, the patient should be immediately r^unoved to the open 
air, kept warm, and oxygen inhalation, aided by small doses of 
chloroform, immediately administered, the oxygen treatment 
being continued until all danger apparently has passed. In this 
manner decomposition of the hemaglobin of the blood is reduced 
to a minimum, and unless the case is of unusual gravity,-the 
continued administration of oxygen is sufficient. 

Where large quantities of nitrous fumes have been inhaled, 
congestion of the lungs results, and during the second stage great 
care must be exercised that no hemorrhage occurs from coughing, 
due to irritation of the larynx and throat. Severe cases are 
manifested by obstruction of the air passages, difficulty in breath¬ 
ing, severe pectoral pains, swelling of the mucous membrane, 
difficulty in deglutition and articulation and cardiac disturbances. 

According to L. De Blois' the.best means of preventing 
poisoning by nitrous fumes in works where nitric acid and mixed 
acid are used, is the provision of efficient ventilation. In the E. 

I. du Pont de Nemours Powder po.'s works, the fumes are re¬ 
moved by means of large down-draught exhaust fans. The 
earthenware pots in which cotton k nitrated are placed in partial 
enclosures over slatted openings through which the fumes can be 
‘drawn at a velocity of about S30 ft. per minute between the slats 
with full opening, and in some cases 2500 ft. per minute close to 
the top of the pot. Before an efficient exhaust system was 
developed, good results were obtained by spraying ammonia or 
ammonium carbonate solution directly into the air by compressed 
air atomizers. Each atomizer consumed about 2Vs cu. in. of 
ammonia solution of 30° B^. (sp. gr. ().<S75) per hour at an air 
pressure of 25 lbs., and this was sufficient to neutralize “rather 
dense” fumes over an area of about 252,sq. ft. of floor surface. 
Respirators are not generally very satisfactory. The most efficient 
type was an |iluminium respirator having an exhaust valve and 
Inflated rubber face-cushion, and with the usual sponge replaced 

1. J. Ind. Eng. Chcra. 1916, 8, 1162; abst. J. vS. C. 1. 1917, 38, 44;» 
C. 4 . 1917, 11, 188. 
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by a disc of “Filtros,” 2'/2 in. diam. by 1 V 4 in. thick, fitted with 
rubber gaskets .^and moistened with a 20% solution of caustic 
potash. The discs may be washed and recharged until the pores 
are blocked, whem they can be replaced at ». cost of about 25 
cents. 

Manufacture of Nitric Acid from Chili Saltpeter in Great' 
Britain.' The following detailed method as taken from the 
general process employed at H. M. Explosives Works, Gretna 
and Domock, may be regarded as representative during the 
period 1019. The process comprizes heating .sodium nitrate with 
sulfuric acid in retorts by means of producer gas, the nitric acid 
being distilled off, condensed and collected, leaving a residue of 
niter cake which is ultimately run out of the retorts and collected. 

Nifer Storage Sheds comprize three stone-built buildings, each 
212' by 75' wide by 24' high at the caves, with concrete floor 
and corrugated iron toof, each .shed having a working capacity 
of 5000 tons. Niter stocks are brought into the sheds by rail¬ 
way cars on 'elevated standard 4' S'/s" rail gauge tracks (two to 
each shed), built on stone piers. The niter is dumped out of 
its containing bags on to the floor of the shed. Running along 
the floor of each shed are three sets of IS" gauge bogie track to 
provide a means of trucking the niter to the dryer and to the 
nitric acid retorts. The floors of the sheds arc drained to small 
sumps, from where liquors can be recovered and transferred to 
the bag washing plant for recovery by evaporation. 

Cummer Drier. Two driers are provided for drying the^ 
nitrate before use in the retort Wouse, these driers being driven 
•by 2 X 20 H. P. motors. The wet niter is tipped into the house 
from an outside rail and shoveled into a hopper feeding two crush¬ 
ing rollers set one inch apart. These rollers crush the niter, which 
falls on to a small feed plate over which pass rotating arms which 
throw it into the boot of a bucket elevator; which delivers the 
wet niter into a Cummer drier. This drier consists of an ip- 
clined revolving cylinder fixed in the flue of a coke furnace. The 
wet nitrate is fed into the higher end, and owing to the inclina¬ 
tion and rotary motion of the drier, is carried through the hot 
cylinder in a direction opposite to that of the hot gases. These 

1. For this data and other information, tlic author is indebted to the 
•courtesy of the British War Office and Mr. J. C. Burnham, Superintendent 
H. M. Faetoiy, Gretna, Scotland. 
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hot gases from the furnace, after circulating round the drying 
cylinder, return through the cylinder to the outtet flue, carrying 
away vapor from the crude nitrate. A fan draws the gases from 
the drum and passes them to a steel chimney*3' in diameter and 
40' high. The temperature of the nitsr leaving the drying 
chamber is about (>0°. The dried niter is delivered from the 
drum to a bucket elevator, which lifts it to a storage bin having a 
capacity of 1.50 tons. Each drier is capable of drying 80 tons 
of niter from 2.5% HjO to 0.5% HsO per 24 hours, the fuel con¬ 
sumption (coke) being 0.014 long ton per ton of niter handled. 

Cleaning of Drying Chamber. There is a tendency for the 
drum or drying chamber to become caked with hard niter, this 
being more pronounced in wet weather. 'Hie reifledy is to run 
through, say once daily, 20 or 30 iron balls—eight-faced and 
pointed, which treatment usually removes the bulk of the scale. 

Conveying Niter from Bin to Retorts. The bottom of the 
storage bin is fitted with six discharge chutes one foot square, 
which, when open, deliver the niter into bogies? Each bogie 
passes over a weigh-bridge and the contents are adjusted until 
10 cwt. dry niter are in the wagon. This is then taken to the 
retort house and raised by means of an electric lift to the retorts 
charging platform. 

Electric Lifts. Two electric elevators are provided, one at 
the end of each house. Each driven by a 12 h. p. motor, 
and lifts a net load of 10 cwt. To avoid corrosion the electric 
controls are placed in a separate shed—out of the way of acid 
fumes. 

Sulfuric Acid Storage. Two 9' X 30' boiler tanks, elevated 
on brick piers, are provided for this purpose. From these tanks 
the acid flows by gravity into the retort house and communicates 
with the sulfuric acid feed tanks, one of which is allotted to 
each retort. 

• Sulfuric .Acid Measuring Tanks are mild steel cylindrical 
tanks 53" deep and 51" diameter, and conveniently hold two 
tons of sulfuric acid. E^^h is provided with a lid, gauge glass 
and inlet and outlet valves. From experience it was decided 
that the gatige glass fittings are too small and the gauge glasses 
unreliable. All tanks are dipped before and after use, one inc^ 
t^cid being equal to 0.059 tons 92% S/A. The tank has a sloping 
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bottom to .'.lie outlet valve. Kacli tank is elevated and rests on 
brickwork* standing .‘>0'' higli. The whole rests on a leaden tray 
ti' X 0' X 2" with a one-inch diameter exit hole which connects 
to a lead launder t" X 4", and in turn connects to the drain. 
The outlet irom the sulfuric acid measuring tanks is by a 2-inch 
lead pipe which connects to a permanent feed pipe fitted up to 
the retort lid. 'fhe feed pipe is of cast-iron and flanged to the 
lead delivery pipe frfim the tank. Connection into the retort is 
made by a “T” piece, provided with a blank flange for cleaning 
purposes. 

Imprmvd Type of Sulfuric Acid Measuring, Tank. In order 
to eliminate the errors occurring in dipjiing these tanks, an im¬ 
proved tank was de\elopcd, the same tank being used. A hole 
was cut in the tank, about 4' 2" from the bottom and an over¬ 
flow pipe in.scrtcd. Next an iron plunger was placed inside, con¬ 
nected with a pulley and chain to which was attached a ])ointer 
adjacent to a^scale. When a tank was to be used it was fdled 
up to overflowing, and, acconling to the strength of aekl and 
nitrate content of the niter, the plunger inside the tank was 
adjusted by means of the screw. 'I'his ga\'c a definite volume 
of acid for each charge of nitrate. 'I'his style of tank was found 
satisfactory', and when in use can be depended upon to produce 
niter cake of uniform acidity. 

The Retorts and Setiinps. 'I'hc retorts are built in each house, 
in sets of three, the brickwork settings of these batteries being 
separated by passages 2'!)'' wide, /fhe retorts are gas-fired from 
the side nearest the condensers and tapped from the opposite 
side, so that these passages are useful as providing a way of 
communication for tappers who need to examine the fires, or 
for firemen who need to adjust the flue damjiers. I'ltp retorts 
are completely enclosed in brickwork, excepting the man lid, 
which is used for charging the retort. Immediately behind the 
retorts, and about one foot above the brickwork top, is a steel 
plate charging platform jiarrying the bogie tracks from the lifts 
from which the cars of niter are conveyed to the retorts. The 
retort is of cast iron, consisting of a lower portion^ cylindrical 
in shape, with a rounded bottom and a cylindrical extension ring 
36" high, the two parts being made one by a rust joint. The 
lid is very slightly dome shaped, and,fits into a collar in tlje 
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extension rins, connection being made by incay^ of\ rust joint. 
The lid has a large hole about 2' S" diameter, to which is bolted, 
by means of fifteen 1-inch bolts, the iron casting which embodies 
the charging man-hole, which is closed by *a man-lid, and the 
S"-diametcr circular hole into which is fitted the uptake to thi' 
condensing system, 'file total ca[)acity of the retort is about 
tl '/2 tons of water. This size has been found suitable for the 
decom])osition of two tons of nitrate of soda. 

Tappiiif^ Hole. At the lowest end of the retort is a 2-inch 
outlet for the niter cake, 'flic outlet extends by a pipe to*about 
one inch outside the brickwork setting. Round the end of the 
tapping pipe is fitted a collar which carries a screw-plug holding 
device to kcc]) in position a cast iron plug used to close'the hole, 
an acid-tight plug being first made of damp clay. The type of 
retort now being fitted has a dilTcrent type of tapping hole, being 
1 " in diameter at the end, and instead of having a block of iron 
as ping, has a swing door, whicli is kept in ])ositio*i by means of 
a screw, 'fliis is a decided improv'ement on the old pattern. 

Firiiif!, of Retorts, 'flic retorts Tire gas-fired by producer gas, 
which is led from the main gas flue through a 4" pipe, controlled 
by a valve, to a horizontal passage S" square beneath the retort. 
A large amount of tar condense* in this S" passage, and at inter¬ 
vals is drawn off through a eleaning-up door, 'file gas then 
])asses through a square hole into'a firebrick combustion chamber, 
which is approximately 22" X IS" X 24" high. A large square 
firebrick is placed above the hole, supported on bricks, in order 
to spread out the flame and keep it from impinging on the rctor4 
too much, and also serving to distribute the heat more evcnl)^ 

The Fhtes. The products of combustion pass through the 
flue system, which consists of four horizontal circular flues ap¬ 
proximately 15" deep by 0" broad, built round the retort, and so 
arranged that the gases must travel round the retort before 
passing to the next flue above, liach flue is provided with four 
explosion doors. Trom the topmost fhie the gases descend to 
the waste gas flue leading to a lOO-ft. steel chimney stack. 

Condetuer Platform consists, in each house, of an upper and 
lower deck, the upper deck serving to support the condensers 
and the fume main, and the lower deck to carry the acid main?. 
'Bhe receiver platfprm is built alongside the lower condenser deck, 
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and a littlq ‘ibelo'j? it in level, so that the main can be set with a 
good fall in the direction of the flow. The condenser deck is 
built of wood or of steel and acid-resisting ^brickwork. The 
receiver platform is 'Supported on acid-resisting brick piers. 

The Condensing System. Uptake Pipe and Cascade. The up¬ 
take from the retort is of 8" Narki metal, and is carried up vertically 
about four feet before bending over to connect with the cascade, 
which slopes down at an angle of 80° with the vertical. 'I'lie 
cascade is built of straight pipes. Cascades of Narki have been 
put iff, also of Ceratherm, both being an improvement on pot¬ 
tery-ware. 

The Condensers. The fume passes from the cascade through 
an 8* Knee bend into Woulfis bottles. The first bottle is of 40 
gallons capacity; then through another 8" air condenser into a 
smaller bottle, 15 gallons capacity. From this bottle the fumes 
pass up into a breeches-piece into the first headers of the first 
two Hart condensers arranged in parallel. Each of these sets 
consists of 2() tubes C' 0" long X diameter. The tubes are 
sloping, so that any condensed acid runs back to the smaller of 
the two bottles above described. Any uncondensed fume passes 
from the top of the rear headers into a third Woulffs bottle of 
10 gallons capacity, thence into a third Hart unit. This unit 
is differently constructed from the first two units. In this unit 
the gases are drawn up from the third bottle through one half 
of the tubes, which slope in the same way as the other two sets 
of tubes. Any acid condensing there falls back into the 10- 
gallon bottle, thence to the strong main. From the lower set 
of tubes (15) fumes pass to the upper set (11), which are sloping 
in the op|x>site direction. Any gases escaping condensation are 
drawn from a breeches-piece at the top of this third condenser 
standard, and travel into the fume main, which connects to the 
tower .system. Tlie first and second bottles are each provided 
with two 1" bib cocks, which serve to run off acid to the strong 
and weak mains respectively. All acid from third bottle runs 
into the strong main, as only strong acid is made in this header, 
when the charge is on reaction. 

Condenser Tubes are covered by means of scouring cloth, 
which serves to distribute water evenly oyer the surface of the 
tubes. The cloth is tom up into strips ¥ wide, and is interwovtn 
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with the tubes, round the first tube to the right, thence to the 
second tube by the left, and so on down the standard.* The cloth 
is kept from the standards about 4' to ('■>’. Rubber rings 2'// 
diameter are used on the glass tubes at theif lower end to keep 
water from the joints where the glass tubes enter the standards. 
The quantity of cloth required for a set of three standards is .300 
sq. ft. About 2,000 gallons of water is run down a set of tubes 
pei^ charge. The surface area of the glass condensing system 
(3 sets) is 1.39 sq. ft. The water from the condenser standards 
is collected in a trough 0' 0* X 4" deep and 0" wide, from .which 
it is Tun down to a common drain, fitted with a "V” notch. .Sam¬ 
ples are taken daily and analyzed. The average loss is 10 lbs. 
nitric acid per house per day. * 

In another section, the system of two Woulffs bottles which 
has been described above is replaced by a double-entry “S” bend. 
The gases are led from the cascade through a knee bend into 
the double-entry “S” bend, and pass up into the headers of the first 
two Hart units, arranged in parallel as before. All acid condensed 
in the two Hart units falls back into the “S” bend, and ultimately 
to the main, through a “still watcher.” The escaped fume passes 
to the third header by a breeches-piece. TTie third set of tubes 
is identical with the first two. From the "still watcher” the 
acid may be led into either tin? weak or strong mains and col¬ 
lected. , 

Condenser Joints. As there are more than 150 joints con¬ 
necting the condensing system of each retort, the greatest care 
is necessary in selecting jointing material. The glass tube is 
placed in position, and a ring of '/i’ blue a.sbestos cord put in. 
A layer of asbestos putty is then inserted, the same repeated, 
and the whole faced with a mixture of asbestos powder and sil¬ 
icate. Wlien this is properly set the surface of the joint is painted 
over with bitumastic paint, 'fhese joints, if properly handled, 
will last a long time. Sudden pressures in the retort, and sudden 
rushes of gas must be avoided if such joints are required to have 
a long life. 

, Comparison of the Two Condensing Systems. The presence 
of the bottlls and the peculiar construction of the third Hart 
unit have a throttling effect on the retort, and it is noticeablf 
that “blows” are much more frequent and violent. However, 
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against this, condensation is more complete, and less tower acid 
is recovered. The presence of 1" bib cocks in Woulffs bottles 
has been the cau.se of considerable difficulty. In addition to 
causing loss of acid, destniction of woodworlc, breaking of cocks, 
the bottle.T are a decided disadavantage over this double-entry 
“S” bend. Ultimately the bottles in the first described condens¬ 
ing set have been discarded and "S” bends substituted. 'I'his 
docs away with leaky cocks, and is a decided improvement. 

Add Mains. 'I'he acid mains are .'1" in diameter, and built 
of 2' "to 2' (■)" lengths of earthenware pipe. 'I'hey run the entire 
length of the house, and are supported on brick arches 'on a 
platform below the condensers. Ivach condensing set delivers 
into the mains by liranch pipes. 

Stroiifi Main. This connects with a 2" earthenware pi])e 
which runs at the back of the strong receivers, and gives off 
branches to the three lead cooling coils. Ivach branch is closed 
by means of a 2" earthenware cock, and there are three more 
similar cocks along the main, behind the receivers, so that any 
particular .section may be ert off for repair work without inter¬ 
fering with the running of the plant. 

Weak Main. This is continued along the platform and out¬ 
side the house to the weak receivers. Might branch pijies with 
suitable earthenware cocks connect to the eight receivers, which 
are reserved for weak acid. 

Lead Cooling I 'oils Jor I 'oncenlratcd Acid. Three 2" lead 
coils are provided in each house, being immersed’ in iron tanks 
containing running water. The acid exit from each coil branches 
to two lead receivers, a 2" earthenware block cock being pro¬ 
vided on each branch to enable the acid to be run to either or both 
receivers. ' 

Concentrated Acid Receivers. These are built of 20-lb. lead 
in the shape of cylinders, 8' .‘j" diameter and .'10" deep, each 
receiver having a capacity pf about six tons of strong nitric acid. 
Six vertical iron “T" l5eams round the circumference and two 
encircling iron bands strengthen the receiver, and the top is 
supported by six lead-covered iron 'T” shaped rails. A man-lid 
^nd a 4" dipping hole are provided in the top of each receiver, 
the former being permanently bolted on, while the latter is cov- 
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5red by a lid which fits into a lut« containing a little vaseline. 
Tlie outlets from the receivers are 2" eartherware jocks, which 
connect with a 4" lead main to the mixing statlbn. 4LInder each 
outlet cock is a lead drip tray, and these trays connect by an 
earthenware pipe to an earthenware blow egg, A 4' earthenware 
pipe connects each receiver to the fume .main, and a lead pipe 
perforated on the upper side passes round the interior of each 
receiver, and serves for the intnKluction of compressed aii to mix 
the acid before sampling. 

Weak Acid Receivers. Ten receivers arc provided for weak acid. 
Two of these are reserved exclusively for tower acid. Tlwy are 
of earthenware, of 100 gallons capacity, and of cylindrical shape. 
The lid is separate and jointed with the usual asbestos jointing. 
The acid is run by gravity through 1" earthenware Jiib cocks 
into a 3" earthenware main to the mixing station. A 2" pipe 
connects each receiver to the fume main,.and there is a dipping 
hole, closed by an earthenware cover, in each lid. The receivers 
stand upon a flooring of acid-resisting tiles. Any drips from the 
CJK’ks are collected in an earthenware pipe placed underneath 
and led to a carboy located undenijath the stage. 

Fume Main. The exit from the third Hart unit of each 
condenser set is connected to a large S" earthenware fume main 
which passes along each house. A main of the same size branches 
off to the absorption towers from the middle of each house. To 
the first main is connected a fsnaller G" main which serves to 
exhaust the receivers by means of the 4" and 2" branches above 
described. The fume main is built on a slight slojie so that any 
condensed acid runs to the lowest point, where it is drawn off 
to the receivers through a suitable 2" pipe. 

Drip Recovery Eggs. Two earthenware eggs, each of 77 
gallons capacity, are installed beneath the strong receiver plat¬ 
form, one in each house. Drip pipes and runs from all parts of 
the house, drip trays, and earthenware jugs are all emptied into 
these eggs. Any acid spilled from cracked mains, and acid col¬ 
lected in carboys, is put into these eggs, and the contents blown 
to the receivers by compressed air at 10 lbs. pressure. The acid 
is delivered through a 2" earthenware line, to either strong or 
weak receivers as required. I'he inlet cock is of earthenware and 
the air pipe of lead. Connections are made by means of flanggd 
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joints packed with asbestos and compressed* with iron clamps. 

Absorption Towers. The S" earthenware mains already de¬ 
scribed alfeve ate carried outside the houses on wood trestles to 
the absorption towers, there being two sets, each of eight towers, 
one set being connected to each house. The Towers are elevated 
on brick piers 12' higli, and both deal with the uncondensed 
gases from the houses. 'I'he towers are built of stoneware, and 
are constructed in five sections, each section being 11' long X •'!' 
diameter. The column of five sections rests on an earthenware 
saucer !)" deep and having an internal diameter of .‘T ti". The 
bottom section has a 1)" take-off to connect the gas inlet to the 
fume main. The towers are themselves packed with graded 
quartz, which rests on a tiled archway built in the saucer to give 
easy access for the fumes. I'he size of the quartz packing varies 
from (i" stuff at the bottom to 2" stuff at the top. At each sec¬ 
tion of the joints a 2" perforated plate is provided with 1" holes. 
The saucer at "the foot of the tower is fitted with a 1" cock, which 
delivers the weak acid into a constant level receiver situated just 
below. At the top of each tower is an earthenware acid-dis¬ 
tributing bottle known as a,/‘bee-hive,” fitted with four bib 
cocks. Two of these arc connected to deliver acid from the 
beehive down the tower. 'I'he other two are provided so that 
acid may be forwarded from one tower to another through 1" 
glass pipes. 

(Constant Level Receivers, already mentioned, are made of 
earthenware and measure 27" internal diameter. 'I'hey hold acid 
to a depth of 20”, at which level-each is connected with the next 
in the series by means of a 1','/ glass tube, which maintains a 
constant level in all receivers. 

Pohle Air Lifts or Acid Elevators arc used for lifting the 
absorption acid from the constant level receivers to jthe tops of 
the towers. The gases conveyed along the fume main enter at 
the foot of No. 1 tower are drawn through the tower, leave by 
an S' “U” bend, and are conveyed to the bottom of the second 
tower, and so on through the series. The absorption is carried 
out by counter circulation of absorbing liquid (water or weak 
nitric acid), and the nitrous fumes. A constant supply of acid 
to the well is received from the constant level receivers. Air at 
lbs. per sq. in. is .supplied via the glass air tube, and a con- 
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tihuous but jerky lift of acid to thedieehive on top of the tower 
is maintained. , 

Cempressed Air required for operating the 'PoliMs” is car¬ 
ried to the tower along a 2 " branch pipe from the main air service 
at .SO lbs. per sq. in., and is reduced Iwfore it i^used at the towers 
, to l.'i lbs. per sq. in. It is connected to the individual lifts by 
means of stout rubber connections taken from a 1 " pipe. The 
compressed air serves two purposes, viz., to elevate the acid from 
bottom to top of the tower, and also to oxidize the NO passing 
through the towers to NO 2 , which in contact with HjO forms 
HNO,. 

Campbell Ejector. A ;{()" diameter Sirocco fan, driven by a 
10 h. p. British Thomson Houston motor, causes a blast of air 
to be driven through an earthenware injector. 'I'he suetjon pipe, 
also of earthenware, communicates with the gas outlet from No. 
S tower. By this means a vacuum of 0" water gauge is produced 
on No. ,S tower. This falls away to 2" on No. 1 tower, and to 
•/s" to 74 " at the retort head. The ejector is perfectly simple, 
and causes no trouble. The fan delivers at a pressure of (i* water 
gauge at the rate of 40 cubic feel per second through a 0' pipe. 

Niter Cake Disposal. Tapphij’ Side of Retort Douse. Ihis 
extends the full length tjf the house. The floor is built of acid- 
proof bricks laid on a concrete bed, the joints having been run 
with molten sulfur. The floor is easily cleaned and very resistant 
to acid. Each retort is provided with an iron chute !)' long, I' 
wide, and 1 ' deep, the top end of which rests in the recess of the 
’ retort wall, around the tapping hole, and the lower end fits into 
a wooden extension chute of similar dimensions, except that it 
is about 12' long. A wooden trestle supports the whole. The 
lower end of the wooden chute rests over a lead-lined drain 12 
deep X bS' wide. This launder runs the whole length of the 
retort house. Each retort is provided with 2" water valve, sit¬ 
uate at the junction of the water and wooden chute. I his con¬ 
veys a copious supply of water to dissolve the niter cake, down 
the wooden chute, and into the gutter, ■^hence it ultimately runs 
into the river. This process has been abandoned, and all the 
niter cake is^recovered in a granular or lump form. 

Niter Cake Granulating Station. A portion of the niter cake 
is recovered in granular form by directing the molten mass alonji 
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the chute, to a point where it falls and is met by a powerful blast 
of compressed air from a 2" horizontal iron pipe, with a slit 4* 
long, adjufftable’Sn width from '/511th of an inch to a '/leth of an 
inch. The molten cake is immediately solidified and falls like 
fine snow on the flejor, rtxif and sides of the bl&wing house, which 
is 40' long, I,')' wide, and 12' high. The material is in fine gran¬ 
ular form, and finds a ready market, being usually put up in 40- 
gallon casks, 'fhe present system of recovery is as follows: 
The iron chutes from four retorts each connect with another 
chute running at right angles. From one end of this latter chute 
another one projects downward to the point where the molten 
cake, after falling Hi", meets the blast of air from the horizontal 
pipe at an angle of about 4.j°. The four adjacent .etort chutes 
arc similarly 'fitted. These two iron chutes terminate at the 
entrance of the blowing .shed, and each chute is provided with a 
blower to itself, 'fhe pressure of air at this 2" pipe is 80 lbs. per 
sq. in., and a gauge is placed near by. When the pressure falls 
the cake is not properly granulated. 'I'hc house to which the 
granulated ca'ke is blown is built up of old galvanized sheeting, 
the floor being laid with acid-proof bricks laid in cement, and 
jointed with asphalt. 

Niter Cake Recover Pans. The whole of the north house is 
provided with pans, four to each retort, size 12' X •)' X 8". 
These pans rest on brickwork, and arc raised .some three feet 
from the ground. A railway tr^ck passes along the line of pans, 
the full length of the house. The charge of molten cake is run 
evenly into the four pans, allowed to solidify, and then broken 
up with a hammer and thrown into the cars alongside. 

Tapping Floor of North Retort House. The differences worthy 
of mention from the description of south house tapping floor are: 

(1) Floor constructed of concrete, which does not resist the 
action of acid as well as the acid-proof bricks. 

(2) A half-round earthenware drain takes the place of the 

leaden launder in the south house. < 

Water Supply. This is similarly arranged in both houses. 
A 4" main in each house, fitted with a main stop valve, supplies 
water to the Hart condensers. The outer 4' main with stop 
valve supplies water to the tapping chutes. This main completes 
% circuit round the house, branches being taken off at inter- 
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\ials: (1) For tapping retorts. (2) ^''or 1" hose pipe connections.' 
(;{) For cooling worms for strong receivers, etc. 

With a view to effecting economies in the w*ter ewsumption 
on the plant, large galvanized tanks have been placed on girders 
about 1.^' from the ground in both houses. These tanks receive 
waste water from the acid mixers coilsj wfiich previously was 
’ lost, each tank holding 1,000 gallons water. The outlet pipe 
from the tank connects the 2" main supplying the water for 
tapping the retorts, and by means of a ball valve arrangement 
(similar to an ordinary cistern), a plentiful supply of water can 
always be depended upon, cither from the mixers overflow or 
from the main. 

Joints—Nitric Acid Work. The jjrcsent metluxl of jointing 
earthenware socket pipes, etc., for both liquid and fume is as 
follows; 

A ring of blue asbestos cord of suitable thickness is first 
placed in the joint, then the socket filled with grease packing 
almost to the top of the socket, and the joint finished off by point¬ 
ing with silicate packing. Where the socket is sufficiently deep, 
two rings of asbestos cord are put in with a layer of grease pack¬ 
ing between each. 

The men employed luting socket pipes are very apt to 
hammer in thick cord with the idea of getting a tighter joint, 
but this should be prohibited, aS the cord swells and the socket 
is split. This applies more particularly to pipes, etc., made of 
special material, e. g., eeratherm. Glass tube joints on Hart 
condensers are made in a similar manner, but in each case two 
rings of cord must be used in order to make a tight joint. 

On some plants the chemists in charge prefer the joints to 
be tarred when finished, others prefer painting with weak 
nitric acid, but if water can be kept away from the joint (and it 
ought to be), painting with a fairly strong solution of silicate of 
soda puts a fine, hard finish on the joint, and prevents the jointing 
material aacking. Painting with nitric acid helps the joint to 
harden quickly, but it may do more harm than good to the luting. 

Ijibor Requirements. For two adjofhing retort houses, each 
containing 24 retorts: The plant itself is almost entirely op¬ 
erated by ntale labor. The handling of niter, however, is done 
by girl labor. The receivers for storing the nitric acid and th| 
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issuing of this to the mixers lis also done primarily by girl labor. 

Female Ijihor. Nitrate of Soda Handling. Sixteen girls per 
shift are aigagtfd as under: 1 charge hand; 3 girls picking down 
niter; (i girls fdling bogies and conveying same to the drier; 3 
girls feeding driers],(1 spare); 2 girls conveyfhg niter from dry 
bins to hoists; 1 girl clv-cking weights of dry niter. 

In addition to the above girl truckers, two dip or receiver 
girls per shift are employed as process workers. 

Total female labor per shift, 18 per house; total for day, 54 

girls. 

Male Labor. 1 foreman per shift; 21 operatives per .shift. 

The various process operatives are all classified, and the men 
carefully selected for their respective jobs. The senior process 
man is fhe reaction man. He is responsible for a series of 12 
retorts and his duties consists of: 

(1) Running the charge of sulfuric acid into the retort. 

(2) Controlling the distillation. 

(3) Attending to gravities of the nitric acid. 

(4) Seeing that his section is kept clean and tidy. 

(.5) Controlling condensi^s (cloths and water), not the replac¬ 
ing of broken tubes. , 

Tapping Retorts. 'I'wo men are provided in each house for 
this, their work being to empty the retort of its niter cake, 
when instructions have been given for this to be done. The cake 
as already described, falls into .pans to be recovered. 'I'hcy arc 
responsible for all plugs being properly secured before the acid 
is run in to the retort. 

Charging Men, of which two are provided. Their work 
consists of bringing the niter along to the retort mouth, 
emptying same into the retort, cementing up the lid, and gener¬ 
ally cleaning up the retort top. 

Condenser Men. Two men are engaged attending to con¬ 
densers generally. Replacing broken tubes and patching and 
overhauling condenser standards and joints. 

Granulating Cake. Two men per shift required for this. 

Cummer Drier. One man per shift required for these driers, 
who also attends to the tarring and greasing of all bogies. . 

Lump Cake. Three men engaged on the rembval of lump 
^ake to the wagons which run alongside the pans. One senior 
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charge hand is usually provided for «ach separate shift of labor. 

Summary of Male Process Labor. 1 senior chajge hand; 4 
reaction men; 4 tappers, 4 charging men; 1 m^i in* charge of 
Cummer drier; 5 men disposal of niter cake^ 2 condenser men, 
total, 21 men per shift. The foreman is generally responsible 
I for the running of the plant and control of»the labor. 

Maintenance of Labor. The wear and tear on a plant of this 
kind is naturally great. A gang of earthenware pipe jointers is 
engaged on the nitric acid .sub-section. They are not attached 
to any particular plant, but may be called upon when required. 
Fitters are also available for engineering troubles, as also (Jumb- 
ers, but none are pcnnanently on the retorts staff. 

Attached Labor. The fires are controlled, under the orders 
of the reaction man, by a man supplied by the producL*rs plant. 
Two firemen per shift are provided for the two retort houses. 
Another man belonging to the acids mixing station supplies the 
sulfuric acid for the two retort houses. 

Plant Operation. Sampling of Niter. The wude niter is 
sampled weekly. When sampling, about 20 cwLs. are generally 
taken down, halved and quartered fh the usual way until 2K lbs. 
are obtained. This is then submitted to the. laboratory. The 
following is an average analysis of the sodium nitrate: 


NaNOa. njt ju" 

KClOa. O.W'V, 

NaCI, NaavSOa. 0..5()':;, 

Insoluble. OIM}',', 

Moisture. 2.20';;: 

lodates. Trace 

This is customarily dried so that the finished sample contains 
0..5% moisture, this usually bringing the nitrate content of the 
sample to 1)8%. 

Usage of Sulfuric Acid. In each retort two tons of niter are 
distilled with approximately two tons 1)2% sulfuric acid. The 
following are the actual figures: 

2 tons niter @ 98% = 1.90 tons pure NaNOa. 

1' dip in tank = 0.059 ton. 

;M.e' used = 34.6 X 0.0.59 X 2.0)5 = 92% 

1.872 HjvSO, (2 tons C. O. V. 
of 92%) 
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Ratio of sulfuric acid to nitrute in terms of pure cfieinicals; 

= H 2 SO, = 1,872 = 0.956 

NaNOa 1.960 l.OtW 

Firing the Retort arid (ias Consumption. 'l^he above materials 
are put into the retorts, the lid luted down with cement, and the 
gas fire lighted. The damper is adjusted at the back f)f the flue, 
and the air ports in the front, to give complete combustion of 
the fuel. The following are average producer gas and waste flue 


gas analyses: 

Producer Ga.s 


Waste luiel G: 

CO.J. 

. 4.0 

CO.,. 

. 8.1 

CO. 

. 28,0 

().,. 

. 0.0 

H.. 

. 11.1 

N,. 

. 82.0 

CH,. 

. 1.4 


_ 

N,.. 

. 5o. 0 


100.0 


100.0 

In order to determine the exact gas consumption a rotary meter 
is affixed to cafh retort. Experiments were made under v arying 
conditions, tp determine exactly the coal consumption. The 
average figure recorded was :i(), 00 l) cu. ft. reduced to normal 
temperature, for a charge <if two tons niter, which gives L td 
tons HNO 3 . 

1 ton coal gives l.'lO.Otii) cubic feet gas. 

(l.-t.'l) 1 charge uses .'!U ,(*)0 cubic feet ga.s. 

Hence 1 ton uses 20j0(K) cubic feet gas. 

equivalent to 0.14 ton fuel |)cr ton HNO 3 . 

The Distillation. When a Vetort is tajiped, the charging lid 
is removed and the retort dipped to make sure it is tapped clean. 
It is a rule on the plant that the tapping hole must be plugged 
liefore the soda is charged; this is done to avoid the possibility 
of the acid being run in before plugging. 

The stxla charge of two tons is weighed in four bogies, ten 
cwts. each, and is charged into the retort by means oEa portable 
chute. After tipping, the bogies are swept clean, and any sixla 
spilt is swept up and added to the soda in the retort. The charg¬ 
ing chute is now removed. The seat for the lid is covered with 
clay, the charging lid put on, and cemented down with ordinary 
cement. In running in the acid by the first method the center 
plug is left out, but in the second method the plug if luted dov^n 
with clay and cement. 

* Meanwhile the charge of sulfuric acid, 2.0.1 tons of 02% acid, 
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of 2.01 tons 93%, is mea.sured in *he kettle. There are two 
methods of running in the acid. In the first method a temporary 
connection is made from the kettle to the retort?, usi»g a short 
piece of iron pipe, which dips into the acid charging hole in the 
lid. In the second method a permanent cojmection from the 
, kettle to the retort is used, which is independent of the charging 
lid. A cast-iron tee-piece is bolted to the retort cover, and is 
connected to the pipe from the kettle by a 2" iron pipe with a 
“U” bend to minimize the effects of a blow-back while charging. 
The tee-piece on the retort is necessary on account of the fact 
that the acid inlet must be cleaned after practically every charge. 

After the acid has been added and the plug luted down, the 
fire is started, unless the retort be very hot, in which case it is 
advizable to wait a short time. vSufficient fire willTie ppt on to 
make distillation commence in about one hour. If the retort be 
cold much longer will be required—up to three or four hours. 

For ordinary running a 14 to Ki hour cycle is the most usual, 
with a distillation time of 12 to 14 hours. As soon as a retort 
is warm, a few brown fumes appear in the condenser tubes. A 
clear indication of the commencement of distillation is given by 
a rapid rise in the uptake temperature to 90°. When the pot 
temperature has reached 90 °-100° the temperature will steadily 
rise for the next two or t vo and a half hours, with a regular 
evolution of nitric acid vapors. 

As soon as the “pot” teaclips a temperature of ]ir)°-120° 
the reaction between the sodium nitrate and the sulfuric acid 
becomes violent. The pressure in the retort rises, and the man¬ 
ometer on the retort head gives indication of this. At this time 
it is usual to have the fire out while this violent reaction is iii 
progress to avoid damage to the pottery. This reaction lasts 
from 5-20 minutes, depending largely on the speed with which 
the pot temperature has been raised. This period is very clearly 
shown in the condensers. Before it occurs the retort distils 
H'gularly and the gases in condensers are brown, but during this 
period the vapors in the condensers are colorless, or almost so. 
As soon as this violent stage of the reaction is over the tubes 
quickly become colored again, and the fire is started. 

I)uring*the height of the reaction the pressure in the cascade 
is shown as 3"-4*' water pressure by the manometer. Whenevej; 
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the manometer shows less tjjian one inch pressure it is safe to re¬ 
light the fire. For the next four or five hours the rate of distilla¬ 
tion dropj'hff, the uptake temperature will drop somewhat, from 
135“ to 130°, and the fire must be materially increased. 

From now onwards the sp. gr. of the liquftl distilling is taken 
every hour by the “reaction man." When the sp. gr. of the dis¬ 
tillate falls to 1.405 the acid made is run to the weak acid re¬ 
ceivers; till this point it has been running into the strong receivers. 
The distillation is now steadily continued till the sp. gr. of the 
distillate reaches 1.340; then the fire is extinguished, and the 
retort is ready for tapping. A retort is not actually ready at 
1.3401 but there is sufficient heat in the charge to finish the dis¬ 
tillation while preparations are made for tapping. The end 
point is also'shown in the condensers, because very little distil¬ 
late is coming over. The ujitake temperature drops considerably 
towards the end. 

The term “Cycle” means the time a retort is charged until 
it is empty. “Dead time” means the length of time between 
the pot beinfe empty and again charged. The cycle aimed for 
here is one of from 14-15 hoqrs, which generally means a distilla¬ 
tion period of 10-11 hours.” “Blows” are very uncommon with 
the above times. With a lower cycle, say 10 11 hours, in addi¬ 
tion to breakage of earthenware, there is increased decomposition 
of the nitric acid in the retort,' which has been proved by the 
analysis of the gases in the fume main. Generally speaking, 
quick cycles do not pay. Longer cycles than 14-15 hours arc 
not desired, as coal consumption jncrea,ses and a larger quantity • 
of nitrous acid is found in the distillate. 

• Tapping. The tapping of the retort has already been described. 
Great care is necessary to see that the tapping hole is kept clean. 

When a retort is tapped two .samples are taken j)f about 7 
lbs. weight, which are sent to the laboratory, and an analysis 
made for sulfuric and nitric acid content. An average figure is 
as follows; • 

28%-2?l% total acidity as HjSO,; 0,06% UNO, 

The acidity of the 'sample depends somewhat on the stage 
of the tapping, and samples taken at intervals during a tapping 
gave results averaging 28.8% HjSCL. * 

Condensation., During the prticess of di.stillation, the bulk 
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of .the acid is condensed in the first Jwo headers of Hart tubes. 
A small quantity condenses in the third set of tubes, and this 
usually contains upwards of !>% nitrous acid. Unaondbgsed gases 
pass to the fume main and to the absorption towers. For efficient 
condensation there must be provided both a latge cooling surface 
and free passage for the gases without restriction of any kind, 
otherwise the gases will pass through and escape condensation 
in the one ca.se, or a “choke” will develop in the other. 

It is necessary for proper working to have a good vacuum 
on the plant. If a retort is not in use the damper is put in the 
fume pipe so as to avoid any unnecessary air getting intp the 
system. It is found that for efficient condensation, a quality 
of l.'jOO gallons .should be pa.sscd over the conden.sers. This 
represents per ton of nitric acid produced a consumption of 1000 
gallons. Careful experiments have been carried out to see to 
what extent the loss is in nitric acid from condenser joints. 
Twenty distillations were carried out in one retort. At the end 
of the twenty-first the water was only very slightly acid. The 
water was collected from each running, and up to the tenth one 
no acidity was shown. 

Absorption. Cold water is fed into No. S tower (one nearest 
exliaust), and the •'’/i" cocks on the beehive so adjusted as to 
give a progressive movement of acid through the system. Acid 
of between (>0% and 0.")% strength is run off at No. 1 tower 
through a still watcher, in which a hydrometer is placed, so that 
the strength of the acid produced may be readily observed. 

, The acid run off from the towers is conveyed to the storage by 
means of a 2" pipe. 

Analysis of Acids Made. When a receiver is filled with acid,- 
either weak or strong, a sample is taken and submitted for anal¬ 
ysis. The analysis is returned showing nitric and nitrous con¬ 
tents and sp. gr. Before the .sample is taken in case of the strong, 
the comprc.ssed air agitation is turned on so as to obtain a uniform 
sample. The average strength of the strong acid is in the neigh¬ 
borhood of 92.5%, with a nitrous content of 0.5%. The weak 
acid is of average strength 1>5%-1)S%, BNO.i. Nitrous content 
almost nil. The acid recovered from the towers is usually 50%- 
00% HNO 2 and the nitrous content 0.1%. 

Capacity of Plant. Assuming 12 hours as the lowest cycle 
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consistent with efficient condensation and few breakages, we have 
1.40 tons IINO,i from a charge in 12 hours. Allowing two hours 
dead timc,*the-balance of the working day of 24 hours will give 
1.10 tons‘nitric acid. 

1.4 i)lus 1.1(5 = tons IlNO.i (kt relorl per it hours. 

Uach house contains 24 units, two of which are generally 
being repaired, we have— 

24.2 = 22 X 2 = 44 X 2.,')C) = I lo Urns UNO., per day. 

Working Results. Underneath is an extract from February’s 
IDlcS report, which shows in detail the working results. The 
efficiency of the plant lies between 00'/,', and 07'’y. 'I'he r|uan(ity 
of H^SOrUsed per ton HNO.i produced is about 1..'!.') tons. 

The quantity of NaNO,i used per toti IlNO.i ))rodueed is 
about 1.20 tons. 

The following is an average percentage return: 

Recovered as strong acid. <S7.2, strength = I12..4'IliNDj 

Recovered as weak acid (ex towers) 10.4, strength = (iO.HNth 

Recovered as tower acid weak. 2.4, strength = .5(5.5' ; lINOs 

Nitric Acid Ket.<rts [North and South Houses). 

Monthty Report. 

Rive weeks ended 7.,'10 a m. ‘2nd .Mar. 10IX. 

All weights in tons of 2240 Ills. 

Total mnnber of retorts charged ,— l.'iX'.'i wet; Oi.'jO'/t dry - I lOX. 

Total number of retorts tapped — 1.50,5. 


Sodium Nitrate. Charged 

Amount wet. 270.5 tons, o NaN<).i 00,(5',,, IINO;, 107.07 tons. 

Amount dry. 2710.5 tons. NaNtl, 08.41',; IINtl., I08.'1..58 tons. 

Sulfuric Acid. 

Amount. :100.)..52 tons. IbSO, 02.0',;, iqSO, 2849.44 tons. 

Coal used in |)riHlueers, 401..54 tons. 

Nitric Acid Produced. 

Amount strong, . 19.80,07 tons. TNA as IlNOi, 02.4'/;, 

. TN.A as HN().i IK15.02 Ions. 

Amount weak.. . . X.S0.19 tons. TNA as HN(),i 0.'1.75';;, 

TNA as HNO.I 242..18 tons. 

Ex towers. 100.07 tons. TNA as UNO., .50.7'/;,, 

TNA as UNO:, ,0.4.07 tons. 

2472,94 tons. Total 2141.07 tons. 

Nitric. Acid. Tost. 


Total TNA us HNO.i charged to Plant as NaNO,i2I.SI,.55 tons. 

Total TNA as HNOi ri^ovcred.2141.07 tons. 

Unaccounted for at mixers. 20,71 tons. 

Total amount lost. 00.59 tons. (2.78%) 

Physical Data. , 

Time of'distillation, 11 hours 44 minutes. 

Time of cycle, 14 hours 48 minutes. 
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Niter Cake. Composition as dotcrmiiitd by lal)<>ralory amilysos. 

Percentage tree HjSO); 28.43% by analysis; ;U.4,'i% by •calculation. 


Fuel. ^ 

Coal used iwr ton of acid recovered.*.• 0.1(5 ton. 

Coal used per ton of HNOi. 0.10 ton. 

Nilrk Acid. , 

Average strength of acid recovered. ^ . HO.O'',') 

Tons produced t)cr retort. 1.0'’;, 

Percentage recovered as strong acid.f. 80.7';;, 

Percentage recovered as weak acid. 11.3'/o 

Percentage of weak acid recovered in towers. 3-0% 

Total recovery: 97.22% 


Nitric Acid Manufacture at Queen’s Ferry Plant. From the 
excellent and exhaustive report of V. Gloag and J. Riley,, the 
following data is reproduced: 

Nitric Acid Plant: i. Niter Stores. There arc two stores, 
each 1<S()' by SO' with a total capacity of approxiinatcdy SOOO tons. 
The nitrate, of soda is delivered to the factory, bagged in trucks, 
and is discharged into the stores direct from the trucks, which 
run along overhead gantries. There are two of these, running 
the whole length of the store. The empty bags arc taken away 
immediately to the bag washing plant to be washetl and dried. 
The soda is delivered from stores to Cummer driers in buckets, 
holding about 1 ton each, suspended from an overhead runway. 
There are three of these per store, so that any part of either 
store can be drawn from at will. The buckets are filled and de¬ 
livered to the Cummer driers hf female labor. Unfortunately 
at Queen’s factory the soda sheets arc 1.7' below the Cummer 
drier levels. This has materially increased the cost of handling. 

•But the levels are now being adjusted. 

2 . Cummer Driers. Two driers in operation with approxi¬ 
mately a capacity of tons wet soda per hour. This has a- 
moisture content of 2.r>% (about) and is fed through an iron 
grid, where the lumps are broken up by female labor feeding 
the machine. The rate of feed is regulated to some extent by 
the revolving steel blade pushing the niter into the elevator, but 
is*mainly dependent on the operative. A roller feed was installed 
on one of the driers but was not a success owing to the fact that 
the rollers were too widely opened, an& were not adjustable. 
This type of feed if improved would be the best, as it would en¬ 
sure an absoltitely steady feed of niter of uniform si7.c. The nitrate 
from the feed hopper is elevated to the Cummer driers by means 
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Fig. 46.—Niter Storage Hocse (H. M. Explosives Factory, Gretna) 
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of a bucket elevator and delivers into a chute, which feeds the 
revolving drum of the drier. The drum is d'/z' diam. by 27' 
long, with a fall of 3.8" per ft. towards the delivery end. It 
revolves at 7 r. p. m., being driven by a 7 h. p. motor at 990 
r. p. m. The aiter is dried during its passage through the 
drum by means of hot gases from the fire box which pass first 
round the outside of the drum and then through the drum to the 
stack, the necessary draught being developed by a fan driven 
from the main shafting at 720 r. p. ni. The original fire box 
was an automatic stoker, of American design, but owing to 
difiV^ulties in obtaining spare parts, an ordinary fire grate has been 
installed to replace it. The fuel consumption is at present 0.3 
ton coke per ton moisture evaporated. The dried niter is de¬ 
livered, from the end of the drum into an elevator which, in turn, 
delivers into a storage bin. There is one bin for each drier with 
a capacity of 00 tons, so that the total storage capacity is 120 
tons. This' was originally 40 tons greater, but when the retort 
capacity was increased by fitting of extension rings, the outlets 
from the bins had to be raised, which left 20 tons dead space per 
bin. The capacity of the, drier properly operated is 3..') tons per 
hour, or say on 22 hours’ continuous working, 77 tons per drier 
per day. If operated with care the dried niter has a moisture 
content of 0.1% to 0.1.j%. Everything depends, however, upon 
uniformity in feeding, which could be guaranteed by a well- 
designed automatic feeder. The dried niter is conveyed to the 
retorts in buckets, suspended from an overhead runway, which 
passes over a weighbridge, to the lift, driven l?y an 11 h. p. 
motor; which elevates it to the charging platform. 

j. Retorts. There are 42 retorts, divided into two houses of 
21 each. For convenience in working each hou.se is divided into 
3 sections, each of which is served by a separate stroijig acid main, 
wliich delivers through a cooler to either one of the two lead 
storage tanks. In the general arrangement, the connections 
are so designed that in case of emergency, the acid from any set 
of retorts can be diverged to any one of the three mains. In this 
way any section of the acid main could be disconnected for repair 
without necessitating closing down the retorts ordinarily run¬ 
ning on that main. In operating the plant, the retort is 
c charged with 2.') tons dried niter (98% to 98.5% NaNOa) by 



Fig. 48.—Nitric Acid Manufacture (H. M. Explosives Plant, Gretna) 





Fig. 49.—Nitric Acid M.^inufactcre (H. M. Explosives Plant, Gretna) 
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means of a chute, and after scaling*tlie lid with ordinary clay, 
the requisite quantity of 92.5% 9;i.5''v sulfuric aci^ is Tup through 
an ironac seal-pot, or through a hole in the retort lid. The acid 
is run down from a steel measuring tank 4'/..' diaui. and 1' high. 
There are two steel storage tanks S' in diam. a^id lid' long, wliich 
•supply the feed acid to the measuring tanks in each hou.sc. 'I'lie 
acid is supplied to thc.sc from the retorts feed acid mixing plant, 
or direct from the Gaillards, when the concentrated aeid is of 
suitable strength. 

HjvSO,, 

The ratio in tlie charge to the retorts aimed iit is 

d.95 NaNCh with a niter cake of 2X% acidity. At present it is 
necessary to raise this to 0.97 if for any reason the-retorts liave 
to be worked more intensively than usual. * 

4 - Condensers. In the main the construetion of the con¬ 
densing plant is as originally designed, the principal modification 
being the substitution of Narki metal for pottery. All the 8" cascade 
pipes from retort to condensers have been replaced* by straight 
spigot and socket Narki 8" pipes, 'fliis metal has thoroughly 
justified its insertion, and rcplaceinents have been practically 
nil, the only maintenance required being periodical rejointing. 
Another part of the condenser replaced by Narki is the S or foot 
pipe from which the two hcadere for the Hart condensers rise. 
Condensers are of the u.sual Hart t^pe, having two parallel banks 
of 2(i- I'/i" X (>' 7" glass tubes, each leading into a third bank 
pjf 29 tubes of the same dimensions. The headers are (>" pottery 
ware and in nitric acid manufacture has proved most satisfactory. 
It must be remembered that the jointing of the tubes into- 
the pottery header needs special care. Joints are made with two 
rings of blue asbestos cord and soft blue asbestos putty, faced 
with hard putty of silicate of soda, and asbestos powder, and 
finally waterproofed by painting over thickly with tar. 'I'he 
w§tcr is prevented from running into the joints by rubber rings 
placed around the tubes at a distance of about 1" from the end. 

The operation of the condensers haS required a great deal 
of ^attention. The sediment in the river water used for cooling 
purposes continually blocked the aluminium sprinklers initially 
installed, and these have now been replaced by wtxKlen di.stribut- 
ing launders. The tubes are draped with ordinary cheesecloth 



780 


TECHNOIvQGY OP CEtLULOSE ESTERS 



Fig. oO.—HNP s Manufactvre (H. M. Explosives Factory, Gretna) 
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with serrated edges, and with reasoiialjlc attention an excellent 

distribution* of water is obtained. On account of the dirtiness 

< ♦ 

of the river water, the maintenance of the cheesecloth is no 
small matter, two, girls per house being k^'pt continuou.sly at 
work, one day shrt't oitting and rc))lacing this cloth, which re¬ 
quires remov al every fortnight or so. 'I'lie condensed nitric acid 
containing bb' J of the total UNO;, recovered in the plant, runs 
off through the foot pipe to a glass domed still watcher and the 
li" lead main. 'I'he run-off pipes and still watchers were originally 
supported by wood work, this has now been replaced by brick- 
work'and broken pottery, which has jjroved more satisfactory. 

?. Absorbers. I'he gases from the condensers jiass into a 
fume main, which is b" diam. at eacli end of the house, increasing 
to I.')" at the center, where from a T-piece \b" main carries the 
giuses to the absorbing towers—S to each house. These arc of the 
same type as those subsiypiently to be described on the denitrators. 
Water is fed into No. S tower and y, nitric acid drawn olT from 
No. 1 tower t« the weak acid receivers, the circulation of acid over 
the lowers being carried out by I’ohle air lifts. The necessary 
draught for the operation of retorting is generati'd by a pottery 
ejector working on the iiKluceei draught principle, as described 
in detail in the case of the fans on the denitration plant. 

6. Coolers. The nitric acid sollected in the condensing system 
passes from the lead mains through a coil of 2','j" lead pijjc, 
made up of 7 coils 2' in diamf wholly immersed in water in a 
mild steel tank 8' in diam. and 2/ deep. It is run into lead 
receivers, from which it is issued to the mixing plant. For each 
house of 21 retorts, we have the following storage: (a) b strong 
acid receivers, made of 2()-lb. lead. S' 8" in diam. and 2' 10" deep, 
of capacity about (i tons each of acid of l.-fOO sp. gr. (b) 10 
w'eak pottery receivers, holding about 200 gallons eaidi, or about 
1.2 tons of acid of 1.840 gravity. 

J. Niter Cake. This is handled in two w'ays, (a) by means 
of flat pans, (b) by granulators. Up to the present about 80'/^, c)f 
the niter cake is tapped iito flat cast iron pans; there are 4 of these 
to each retort, each 12' long, 4' 0" wide and 1' deej). 'I'he niter 
cake can be handled within b or 0 hours of the retort Ijeing tapped. 
It is broken up and loaded into trucks which run alongside of 
the retort houses. 'I'o obtain granulated niter cake, the litiuid 
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cake, at a temperature of 180° to 20J(° C., is run from the retorts 
into granulators. Two of tlie.se accommodate the niter cake 
from a single retort. The granulator consists of»a tir^'ular pan 
10' in diam. by 2 ft. deep, and granulation is effected by .5 sets 
of staggered knives fixed to the five arms oi^ the driving shaft, 
which revolves at a speed of 21 r. p. ni., being belt-driven from 
’ the main shaft»g. The machine is set in motion before the cake 
is run in and after about half an hour’s agitation the cake begins 
to set, finally granulating in '‘U hour to an hour. When setting 
the cake fumes badly, and hooded ventilators .should be erected 
over the machines as the fuming is very fleslructive to thy belt 
drive, and has given much trouble in consequence. A beveled 
gear-drive would be preferable on future machines. 

At present the granulated material is loaded, by hand into 
the bogies and is tipped from them by a steam crane into trucks. 
Eventually it will be discharged from the granulators to a con¬ 
veyor and taken to a bucket conveyor by means of which it will 
be lifted to a storage bin. The conveyer and elevator have not 
yet come into operation. The pow’cr required fof granulation 
is at present approximately 1.') units per ton of niter cake treated. 
y\t present only 7 granulators are iiToperation. The final layout 
is 14 granidators for each retort house, i. e., 2 granulators per 
.1 retorts. 'I'o drive these, two 100 h. p. motors are to be in¬ 
stalled; one of each is in operaticRi at iiresent. 

8. Firing of Retorts. 'I'lie retorts arc gas fired, and this 
method carefully controlled, is perfectly satisfactory. Careless¬ 
ness in firing, however, easily leads to blows, superheating of the 
cake, and cracked retorts. Most cases of the cracking of the 
retort, after only a short life, can be attributed to bad firing.- 
It is difficidt to lay down hard and fast ndes. .Successful firing 
demands constant cooperation between tho.se firing and those 
responsible for supervising the distillation. It has been found 
out that the fire can be lowered safely when the gravity of the 
(^stillate reached 1.280 and put out when it reached l.:!;5(). The 
retort will complete its distillation by means of the heat con¬ 
tained in the brick work, without appPeciably lengthening the 
cycle. This gives a fuel economy and a moderately cool niter 
cake (180°-20()° C.) and ensures ateence of charging blows and 
less strain on the retort. Over the last six months, fuel composi- 
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tion per ton HNO 3 has averaged 0.15 tons coal. This figure can 
be improved upon, it is hoped to reach a figure of 0.12-0.13 tons 
coal per t(Jn HNO 3 , which calculations show to be attainable. 

p. Capacity of Retort, A retort working normally on a 14- 
hour cycle is capaWe of making 3.0 tons HN(5:i per day. Allow¬ 
ing for retofts off for repairs and rebuilding, it is safe to calculate 
on a daily output of 2.4 to 2.5 tons IINOj per ?5tort installed. 
Ou." experience has shown that with the complete installation 
of 42 retorts, there .should be no diffiailty in maintaining a weekly 
output of 000 tons HNO3. More than this can only be obtained 
at the risk of cracking retorts with reduction in capacity later on 
in consequence. It is only possible to reckon on a O ','2 day week 
for retort working, as the gas flues are burned out once a week. 

10 . lieueral CImukal and Physical Data. Condensing area 
of Hart condenser (3 banks of tubes, 202 sq. ft). Cooling capacity 
per sq. ft., 7-10 CHU’s per minute. Average strength of con¬ 
densed acid, 88 % HNO:). Average strength of absorbed acid, 
.55% HNO.!. Length of cycle, 14 hours. Maximum temp, of 
retort uptake, 110° C. Acidity of niter cake, 28.5%, H 2 .SO<. 
Overall plant efficiency (n <4 including loss in handling niter), 
90..5%. 

Niter Bag Washing Plant, i. General. In this plant are 
washed the empty bags from the niter sheds, the purpose of 
washing being (a) the recovery of NaNO.,, (b) the produc¬ 
tion of clean and salable bagij. The general features of the 
process are as follows. The bags are boiled in one of 3 cylindrical 
boilers, and are then passed through a series of 4 washing troughs, 
counter currents to a streanj of hot water, the bags being lifted 
from boilers, and from trough to trough by hand. After leaving 
the 4th trough the bags are centrifuged in one of two centrifugal 
machines and finally dried in one of the two Ibis driers. After 
leaving these the bags are sorted and delivered to the clean bag 
store. The hot water enters the system at the 4th boiler, and 
flows forward to the boilers gradually increasing in concentration 
on its way. From the ^boilers, when sufficiently concentrated, 
it is blown by air to an overhead tank, from which it passes through 
one of the 2 Kestner evaporators and is delivered into mild steel 
crystallizing pans, 'fhe crystals are drained, bagged, and sent 
to the niter store, the mother liquor being returned to circulation 
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UHtil it becomes too foul for use, whan it is run to waste. 

2 . Unwashed Bag Store. The bags are received in trucks 
and off-loaded into a store 25' X 25' X 10', fitted with an off¬ 
loading porch. This and all other buildings are constnicted of' 
corrugated iron. 'I'he bags are brushed and qpnveyed by trolley 
to the boilers. , 

j. Boilers.'"Those consist of a perforated steel drum 2'2" 
diam. and 3' 5" deep with 2" perforations at 4' centers inside a 
steel boiler, 2' C" diam. and 3' 5" deep, with a perforated flat 
steam coil at the bottom. Here the bags are boiled by means 
of a pneumatic piston press of the Douglas-Kraser pattern, to free 
from concentrated liquor as far as possible. 

4 . Troughs. 'I'he bags are removed from the boilers by hand 
into a series of troughs each 12' X 3 ^/ 4 ' X 2^/a' deep;^the last 
trough is fed from an overhead tank. After passing through the 
4 troughs the bags are wrung. 

5 . Wringers, 'i'he wringers or hydroextractors, are belt- 
driven at a speed of 1100 R. P. M., fitted with a basket 3r)‘' in 
diam., the drainings being pumped to the 3rd trough 6 y centrifugal 
pump. 

6 . Ibis Driers. 'I'hese are 20 ' long by 10' wide, the bags 
at the feed end being clipped to traveling rods, so arranged that 
when the nxl reaches the delivery end, the bags are automatically 
released. 'I'lic drying is done by hot air, generated by a 30* fan 
blowing air over a cast iron steapi radiator, situated at the de¬ 
livery end of the machine. Each drier will hold about 2(X) bags 

I and will dry approximately 120 bags per hour. 

7 . Clean Bag Store, 'fins is 45 ft. long and 30 ft. wide and 
10 ft. high, 'fhe bags arc delivered here after being dried and sorted; 

8 . Feed Tanks and Water Tanks. 'I'he liquor from the 
boilers is circulated until the gravity is sufficiently high for con¬ 
centration. When this is reached it is blown by either of 2 blow 
cases, 15" diam. X 3 ’/ 4 ' long, through either of two filter presses 
iato the main feed tank for the evaporators. Each of these 
consists of 10 chambers each 20 " sq., with the necessary inlets 
and outlets, the chambers being divided by filter cloths. The 
fc^d tank to the evaporators is a mild steel tank 4' X S'/s'X 
S’/s' deep, lagged and fitted with overflow and discharge pipes. 
The water tank feeding the fourth trough is of the same dimen- 
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sions, and acts as a receptacle for all the condensed water from 
the steam traps. 

9 . Ei^pon^ors. Two are in operation, of the horizontal 
Kestner type, consisting of a bank of 4 horizontal tubes Ki'/a' 
long, arranged with concentric steam pipes.., The concenf rated 
liquor is fed to the bottom of the nest of tubes, and the steam 
enters at the top, on the countercurrent principle. During its * 
passage through the tubes the liquor is concentrated and is finally 
discharged into a cast iron separator, the steam esca])ing to the 
atmosphere and the liciuor running to the launders. 

10 . Crystallizing. The concentrated liciuor from the evap- 
oratoVs is distributed into one of the three water-cooled pans to 
permit of crystallization. These are 1.')' X t’' /being ■',' 1 'deep 
for 10 ' of their length and grading through the last down to a 
depth di 1 ". I'hey are constructed of mild steel plates ' 
thick, and each is set in a cooling pan 1.')' '/ X o' '/ X 12' /' 
deep fitted with a water overflow. Tlie nitrate of soda crys¬ 
tallizes out and is removed on to draining boards, the mother 
liquor being Yaised back into the circulation tank by means of a 
steam ejector. 

//. (ieneral. The capacity of the plant for efficient w^ork- 
ing can be reckoned as l.oOOO bags per week. The washing yields 
a bag containing about 7',; NaNOa and ID'j water and about 
D.li.*) tons of nitrate of soda are* recoe cred per day with a water 
content of lO^ 'j' ^. The average NaXOn content of unwashed 
bags is about 2'.)'; ;. Bags are charged to each boiler at the rate 
of .')D bags per hour. Usually two boilers are in operation at ^ 
once. The completed cycle of operations in the boilers takes 
about an hour, and the operations in the troughs are phased to 
this speed. On this load, the evaporators deal with approximately 
224 cu. ft. of liquor per day with a .'i'x NaXtb content and deliver 
I.ID cubic feet per day with a .')().NaXfb eonfeut. The 
NaNO:i gradient from trough 4 to the boilers averages as follow's: 


Trough 4 


NaNO., 

1 . 7.2 

Teniiierature " C. 

:!(i 

Trough .‘i 


19.0 

.■« 

Trough 2 

t 

24.1 

41 

Trough 1 
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Boilers 
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The Commercial Utilization of Niter Cakef The fixed 


/esidue from the manufacture of nitric acid, formerly called 
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“fialccnixum,” .stibslimliully consists*of a iiiixttire of neutral and 
acid sodium sulfate, containing from 29% to -i'l'/g fsec acid and 
only traces of nitric acid and of nitrate. 

Niter cake is, primarily, a mixture of norjnal sodium sulfate 
witli varying proijortions of sulfuric acid, or jtl-rliaps more prop¬ 
erly, an impure .sodium acid sulfate carryidg a variable excess of 
sodium .sulfate or, less frequently, of free sulfuric acid. Soilium 
acid sulfate (sodium bi.sulfatc) contains nonnally 40.(i% .sidfuric 
acid combined with .59.4% .sodium sulfate in the double salt of 
the formula NaIIS() 4 . Niter cake may, occasionally, approximate 
this composition, but its acidity usually ranges between 2S% and 
;{4%, sulfuric acid, depending on working conditions suiTounding 
its production, and the fluidity of the ma.ss as it emerges from 
the nitric acid retort. • 

Niter cake contains small percentages of iron, alumina and 
silica as usiud impurities, or traces of arsenic, .sodium nitrate or 
nitric acid as accidental impurities, if the process of manufacture 
is improperly carried on. 'I'he following analysis, .given by Iv. 
Corbett, is considered as fairly tyjiical of its average compo¬ 


sition: 

Silica. 0.10% 

Iron ami aluniiaiimi oxiilc. 0.4.')',;, 

I'Vcc aoi<lity (calctilaletl as iCSO,). ;t4 ..W'j;, 

Sodium nitrate. 0.0.")% 

Sodium sulfate.*. 04.75%, 

Calcium ami magnesium sulfates. Trace 

• 


Occasionally runs in which impure chamber acid has been 
used show traces of arsenic, but the occurrence of twscnic in 
niter cake is usually rare. 

Acid salt cake differs from niter cake primarily in the method- 
of its preparation. The former is the corresponding by-product 
of a hydrochloric acid still and is formed by the treatment of 
.sodium chloride with sulfuric acid, comprizing about •i0% free 
sulfuric acid and 07% 1)9% sodium sulfate, with traces of hydro- 
eljloric acid, chlorine, chlorine oxides, sodium chloride, and those 
impurities normally present in common rock salt. 

Niter cake, therefore, is a chemical‘compound of indefinite 
and varying composition which, like sodium bisulfate, or acid 
sulfate break* up in solution into stKlium sulfate and free sulfuric 
acid, the latter being entirely available for solvent purposes. 

With the outbreak of hostilities iti Ifnrone in 1014 nn nn 
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prccendentcd demand was made for nitric and sulfuric acids upon 
all the cjyi'.ize^l countries of the globe and this, in turn, gave rise 
to a corresponding excess production of niter cake. The number 
of references to the utilization of niter calj^e while voluminous, is 
not nearly as great as the difficulty of disposing of this by-product 
would stiggcst. 'I'hc main reason inutoubtcdly is found in the 
lack of time and plant to deal with the huge amount now avail¬ 
able without restricting the output of more essential products, 
or supplying materials in demand for these products, b. Cheese 
man' describes a [trocess previously proposed by G. Lunge, namely, 
to neutralize the solution of niter cake by lime (or ealcium hydrox¬ 
ide or carbonate), separatitig the calcium sulfate by filtration or 
otherwise, running off the solution of sodium sulfate and utilizing 
these either alone or for the manufacture of “blanc fixe," “litho- 
pone," "ponolith" or "pearl hardening," by precipitation with 
barium hydrosulfide solution. H. Kirkman- advocates its em¬ 
ployment as an absorbent for ammonia in which instance a profit¬ 
able utilization of the sodium sulfate would be extremely difficult. 
W. Giles, h*. Roberts and A. Boake" propose to convert ordinary 
niter cake into “pentasulfuie," by the addition of sulfuric acid, 
claiming this material can be packed in iron drums or ordinary 
casks and usefully employed for certain commercial purposes. 
In 18t);3 M. Prentice was granted patent protection' for the 
employment of niter cake in the manufacture of superphosphate 
of lime from the phosphate in the ordinary manner. In the 
ideas of A. Campbell and A. Walker,’’ acid sulfates are utilized in 
the manufacture of nitric and hydrochloric acids, the niter 

1. ir. ,S. P. 7I414.'-), 1902; alist. J. S. C. I. !!)(«, 22, 2U. .'iC; Chem. 
Zts. 190.4, 2, 47'); Mon. !^i. 1904, S9, 77. According to the pnxess of C. 
Thorssell and H. Limdcn (K. P. 11487, 191."); abst. J. S. C. I. 1910, 35, 902) 
in the production of oxalic acid from soriium oxalate containing .sorlium car¬ 
bonate and hydroxide, the material is first treated with a solution containing 
sodium HsulfaU and sulfuric acid to obtain acid sodium oxalate and normal 
sodium sulfate. The acid oxalate is then washed with water and treated 
with sulfuric acid to produce oxalic acid and a solution containing sodium 
bisulfate and sulfuric acid, which solution is used for treating a fresh portion 
of original material after the latter has received a preliminary treatment 
with either the wash water of the acid sodium oxalate or the mother-liquor 
from the crystallization of the sodium sulfate produced in the process. 

2. K. P. .5794, 1889; abst. J. S. C. I. 1890, 9, 491. 

4. K P. 11979,1890; abst. Chem. Centr. 1802, 63, 1, 111. .See 0. Zahn, 
F. P. 48n8‘)S; abst. Mon. Sci. 1909, 71, 112. 

4. E. P. 8'.Hr2, 1894; Mon. .Sci. 189.5, 42, .50, 
c .5. K. P. 9782, 1894; abst. J. .S. C. I. 1895, 14, 482; Chem. Tech. Rep. 
1895, 34, I, 190. 
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cake being ground with nitrate of*soda, potash or common salt 
and heated to (J(X)°-800° F., whereby nitric or {jydroghloric acid 
is driven off and collected in any suitable manner. W. Garroway* 
takes about 200 parts by weight of niter *ake to 100 parts of 
sodium nitrate, the mixture being heated in*a muffle or like fur¬ 
nace, into which steam and air are injected. The nitric acid 
which passes off may be economically used in the manufacture of 
ammonium nitrate, white lead or sulfuric acid, according to the 
claims of the patentee.^ 

The method of A. Ferret’ is to treat vanadium ores with 
niter cake at the temperature of fusion of the bisulfate, .sidfuric 
anhydride being evolved, which is collected in dry cold air and 
condcn.sed by the circulation of brine or by other means. The 
calcined residue is then exhausted with boiling water,*the solu¬ 
tion after filtering being treated with ammonium chloride. The 
precipitated ammonium vanadate thus obtained is calcined form¬ 
ing the cnide vanadic anhydride. G. Davis* adds clay or bauxite 
to a hot concentrated solution of niter cake, heating and agitating 
by means of high pressure steam. On cooling a mass is obtained 
said to be suitable for sewage precipitation, but is usually worked 
up by dissolving, crystallizing out the excess of sodium sulfate 
and then working up for sodium alum. Chem. Fabrik Griinau, 
Landshoff & Meyer,’ incorporates the bisulfate with about 12% 
of wood shavings and 2% of coke in a retort provided with mechan¬ 
ical agitation, and then heats the mixture until all the sulfur dioxide 
formed has been driven out, leaving only neutral sodium sulfate. 

1. R. P. (1777. 1899; abst. Chem. Ztg. 1901, 25, 447. In the method 
of P. Claes (K. P. 81874.5, 1902; K. P. 1072, 19(K); ahst. J. vS. C. I. 1902, 

1458) tor preparing solid, concentrated, portable sulfuric acid, niter cake'is 
melted with sufficient sulfuric acid to give a product solid when cold (con¬ 
taining about three-fourths of its weight of sulfuric acid), in a siritably heated 
vessel, connected to an exhauster for production of a vacuum. Means arc 
provided for conden.sing aqueous and nitrous va|)ors, and the retort has an 
exit pipe from which the fluid is delivered on to the surface of a slowly 
revolving drum, cooled internally by water, aitd from the side of which 
^the solidified material is scraped, to fall between crushing rollers, and thence 
into suitable receptacles, to be closed air-tight, for storage or for transit. 

2. E. P. 2489, 1896; 7066, 1897; abst. Chem. Ztg. 1898, 2169.5; Mon. 
Sci. 1898, 52, 263. E. P. 22395, 1897; abst. Ohem. Ztg. 1899, 23, 127; Mon. 
Sd. 1899, 5^ 143. 

. .3. E. P.26881, 1904; abst. J. ,S. C. I. 190.5, 24, 1175; Chem. Ztg. 1906, 

30, 359; Moa. Sci. 1906, 65, 178. 

4; E. P. 14749, 1903; abst. J. S. C. I. 1904, 23, 606. 

5. E. P. 6898, 1904; abst. J. S. C. I. 1905, 24, 196; J. Soc. Dyers Col. 
1905, 23, 113. 
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In the E. Barbicr process,' niter cake is <iissolved to form a solu¬ 
tion of 3~)° 'K).#r)° Be., and when this is cooled about lO" decom¬ 
position is said to residt with the formation of crystallized 
sodium sulfate and-free sulfuric acid (?). Xhe C. Parker patent" 
comprehends bringing a solution of niter cake into contact with 
a large excess of iron, thus forming ferrous sulfate and ammonia, 
provided there is not nitrate present. The solution is subse- 
(|uently worked uj) for ferrous salt, ammonia and sodium sulfate. 

In the recovery of sulfuric acid from acid sulfate, h'. Benker" 
heats the bisulfatc mixed with fine sand, powdered silica or other 
inert'material to a dull red heat, neutral sodium sulfate being 
left. A. Nibelius* dissolves out the acid from niter cake with a 
volatile liquid which at the same time is not a .solvent of the 
sulfate, removing the latter, and distills the solution under dimin¬ 
ished pressure to recover the volatile solvent, sidfiiric acid re¬ 
maining behind. It is obvious that this jirocess must be unduly 
expensive. The process of J. Mackenzie'’ consists in first driving 
off the moisfure from niter cake by melting the latter in a s;dt 
cake pot after which the charge is placed in a roaster whereby 
the sulfuric acid is eliminated and condensed by leading into a 
Glox er tower or other suitable apparatus. Klemm" has suggested 
the employment of sorlium bisidfate in sizing paper as a partial 
.substitute for aluminium sulfate* in which one part of niter cake 
has an efficiency equivalent to that of ])rimarily 2', 2 parts f)f 
aluminium sulfate. The rcfiiiired ((uantity of glue is first added 
to paper pulp after which .lO' y to fiO' y of the formerly employed 
preparation of sulfate of ammonia, to which is finally added 

1. U. S. 1’, 1892; abst. J. A. C. S. 1892, 14, .'121. Sec IC. Ilorias, 

F. F. 4817(17, 1910; abst. C, A, 1917, 11, 3101. 

2. K. P. 246:19, 1!K)3; abst. J. S. C. I. 1904, 23, 2.'-i2. 

3. B. P. 1844, 1907; abst. J. S. C. I. 1908, 27, 220. F, P. 38130:1, 

1907; abst. J. .S. C. 1, 1908, 27, 22.0, I). R. P. 2(4:i.'>:t, 20470:?; abst. C. A. 
1909, 3, 82.0, 1070; Mon. vSei. 1912, 77, '>0, 81; Chcin. Zentr. 1908, 79, II, 
1902; 1909, 80, I, 413; Chem. ZtK. Kcp. 1908, 32, 002, 091; Cbem. Zls. 1908, 
7, No. 980; 1909, 8, No. 1003; Jalir. Chem. 1900 1908, I, 1013; 1909, 62, 
489; Wag. Jahr. 1908, 54, I, :170; Zts. ang. Clicin. 1909, 22, 109. 1'. .S. P. 

899281; abst. C. A, llMHl, 3, .'102. F. 1>. :i8180:i, 1900; abst. J. S. C. I, 1908, 
27, 225; Mon, Sci. 1909, 71, tOI; C'hcin. Ztg. Rep. 1908, 32, 270. 

4. U. .S. P. 87.3070, 1907; abst. J. .S. C. 1. 1908, 27, 23; Chem. Ztg. 
Rep. 1908, 32, 41; Mon. ,Sci. 1908, 69, 01. 

5. K. P 1.3907, 1910; abst. J. .S, C. 1. 1910, 35, 838; C. A. 1917, 11, 
.026. I). R. P. 291770; abst, J, S. C. I. 1910, 35, 829; Chem. Zentr. 1910, 
87, I, 1048; Chern. Ztg. Rep. 1910, 40, 217; Zts. ang, Chem. 1910, 29, 271. 

0. Chem. Ind. 1915, 38, 311, 
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niter cake to the amount of 20% of the used aluminium sulfate, 
the niter cake being dissolved in water the concentr^ion of 2% 
to 2V2%- In proceeding by the method devized b^H. Howard,* 
an excess of salt and sufficient sulfuric acid is mixed with the 
acid sodium sulfate to produce normal sodiunk sulfate, the mix¬ 
ture being then heated in a hydrochloria acid furnace. The 
Acticn-Ge.scllschaft Dynamit Nobel* have described the prepara¬ 
tion of niter cake in a form allowing of immediate calcination for 
the purpose of manufacturing neutral .sulfate and without the 
necessity of producing HCl. The process of R. Haas* for the 
use of niter cake as a partial substitute for aluminium sulfajc in 
the sizing of ])a])er is similar to that, of Klemm, previously men¬ 
tioned. 

In attempts to use a preparation of niter cake prodweed in 
the textile industries for the extraction of grease from wool, etc. 
a committee of users of sulfuric acid in the West Riding of York¬ 
shire' have reported, but the chief difficulty encountered at the 
present time is the cost of cartage and railway transportation. 
R. Sindall and W. Bacon .suggested niter cake as a substitute for 
alum to precipitate the rosin as sizing, stating that 100 parts of 
rosin require 24 parts of acid siKlium sulfate for complete pre¬ 
cipitation.'' 

Attention is drawn to the observation that niter cake pro¬ 
duces a denser precipitate than alum anti that the sizing effected 

1, U S. P. 11!«.Y)2. iihst. J. S. C.*r. 1916, 35, 962. 

2 I). R. P. 26.1120; ahst. C. A. 191.1, 7, ;i«2;i; Chem. Zcatr, lul.'l, 

<4, II. 728; Chem. Ztg. Uep. 1913, 37, 498; Wag. Jahr. 1913, 59, 1, 42(1; Zts. 
ang. Chem. 1913, 26, .619. 

3, Chem. Ztg. 1916, 40, .571; ahst. Chem. Zentr. 1910, 87, II, .529, _ 
See also P. IxilHer, U. S. P. 1104911. C. Rommenholler amt Iv. I.uhmami, 
1). R. P. 63189; ahst. Ber, 1892, 25, 817; Jahr. Chem, 1892, 45, 2701; Wag. 
Jahr. 1892, 38, 331; Zts. ang. Chem. 1892, 5, 498. The A. G. Dynamit 
Nobel (D. R. P. 263120, 1913; ahst. J. S, C. I. 1913, 32, 909, C. A. 1913, 7, 
3823; Cliem. Zentr. 1913, 84, 11, 728; Chem. Ztg. Rep, 1913, 37, 498; Wag. 
Jahr. 1913, 59, I, 420; Zts. ang. Chem, 1913, 26, .519) have described a process 
for obtaining .so<lium bisulfate in a form in which it can be directly calcined, 
and in which organic substances, preferably cellulosic materials such as 
saifdust, peat, or the like, are stirred into the fused bisulfatc while it is 
solidifying; vigorous evolution of gas takes place and a loo.se, spongy, solid 
product is obtained, containing some carbon, wltieh in the subsequent cal¬ 
cination acts as a reducing agent and is expelled as carbon dioxide. 

. 4. Chem. Trade J. 1916, 28; abst. J. S. C. I. 1916, 35, 109. .Sec also 
J. S. C. I. 191.5,^4, 1121. 

■5. Paper Maker’s Monthly J. 1916, 54, 202; abst. C. A. 1916, 10, 

2799. 
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is somewhat different. It is necessary, therefore, to know the 
analysis r>f ih® niter cake for best results.' 

According to the Society of Chemical Industry^ a committee 
of the Chemical Society and of that Society has been formed for 
the purpose of devizing ways and means for the better and more 
complete utilization of niter cake. Some of the methods pro¬ 
posed are heating the cake with common salt thus obtaining 
hydrochloric acid and salt cake; heating with magnesite in order 
to produce epsom salts; the replacement of sulfuric acid in the 
manufacture of superphosphate; roasting with iron scale in order 
to eliminate the available acid; its complete utilization in the 
manufacture and glazing of slag bricks; sprinkling on manure 
heaps in order to conserve and fix the ammonia; heating with 
mixed sulfide ores to extract zinc; removing the free sulfuric acid 
by applying superheated steam into the diffused mass; extracting 
copper from copper pyrites; taking advantage of the free acid to 
decompose soap suds in the regeneration of the fatty acids con¬ 
tained thercsn; making Wane fixe and sodium hydrosulfide; con¬ 
servation of the nitrogen by heating with leather clippings whereby 
ammonium sulfate results; roasting with feldspar, thus producing 
potash alum; combining it with salt for the roasting of copper, 
zinc and nickel ores; converting sodium chromate and other 
chromates into the corresponding bi-chromates; the treatment of 
tungsten ores; heating in a salt cake furnace for the recovery of 
sulfuric acid and sodium sulfate; neutralizing the free acid and 
reducing the sulfate by means of coal dust to the corresponding 
sulfide; converting into soda alum and fusing with same, thus' 
■ producing sulfuric acid and silicate of soda (water glass). 

In carrying out the process of I. Llewellyn and P. Spence & 
Sons’ niter cake is heated with metallic iron or pyrites, sulfur 
dioxide being evolved and the mixture or sodiiftn sulfate and 
ferric oxide remaining, from which sodium sulfate may be obtained 
by crystallization. 

According to F. Stanes and G. Rog^,' vitriol may be eco- 

1. Paper, 1«16, U, 2£;; abst. C. A. 1917, 11, 888. 

2. J, S.C. I. 1915, 34, aw, 1121. 

3. E. P. 10;«589, 1916; abst. J. S. C. I. 1917, 16, Sai; C. A. 1917, U, 

1732. 

4. E. p. 29254, 1913; abst. J. S. C. 1. 1915, 34, 227; Ann. Kept. Soc. 

, Chem. Ind. 1916, 1, 110; Chem. Ztg. Rep. 1915, 39, 270; Mon. .Sd. 1917, 

14, 73. 
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nomically obtained from sulfur by roasting it with twice its weight 
of niter cake, or* acid sulfate may be heated with sjdfur in a 
muffle, the liberated sulfur dioxide collected while the Residual 
anhydrous sulfite is converted into bisulfite by treatment with 
sulfuric acid. • 

^ C. Budde** has suggested the use of niter cake instead of 
sulfuric acid in treating paper makers black licjiior for the recovery 
of carbon dioxide, acetic acid, furfural and ammonia with the 
eventual reduction of sulfate to sulfite. 

J. luclden uses niter cake to replace sulfuric acid in the .sour¬ 
ing stages in bleaching textiles or in certain dyeing operattfais 
with acid dyes. A solution of 100° Tw. niter cake with 70'/ 
vitriol has been recommended for the production of sulfate of 
ammonia.’ The .Sulfate of Ammonia As.sociation* have .drawn 
attention to the fact that the recommendation of using niter cake 
as a substitute for sulfuric acid in the manufacture of ammonium 
sulfate has met with somewhat caustic criticisms in as much as 
this proposal involves the reduction of the amount o| ammonia 
in the sulfate to 71 parts and possibly less. It can therefore be 
advocated only as a temporary expedient. The presence of free 
nitric acid in the niter cake causes damage to the leadwork of the 
.saturator by its solvent action and ultimatcl)' the destruction of 
ammonia. 

« 

J. Stewart’’ treats the residues or “foots” obtained in refining 
oils with alkali, with an acid salt such as sodium bisulfatc or a 
solution of the acid salt, such as niter cake. Not only docs the 
aridition promote the saturation of the aqueous layer, but the 
saturated oil is claimed to be of a lighter color. 

In the proposed use of this material as a substitute for sul¬ 
furic acid in the pickling of annealed brass, as brought forward 
by H. Brownsdon,* attention is called to the fact that the quantity 
of sulftiric acid used for the pickling of annealed bras.s runs into 

J. K. P. IHfiOr., I!)I4: alxst. J. S, C. I, 1015, 34, iWl; Ann. Report Soc. 
Chem. Ind. llIKi, 1, 11, i; Mon. Sci. 1917, 84, 70. 

2. J. S. C. I. 1911), 35, 77. 

.'1. J. S. C. 1. 1910, 35, 109; abst. Ann. Kepott. Soc. Clicni. Ind. 1910, 

I , 114. 

4. Chem. News, 1910, 113, 17.'); abst. J. Gas Lighting, 1916, 71. See 
also Chem. Trade J. 1916, 59, .'548. 

5. K. P. 10T959, 1916; abst. J. S. C. I. 1917, 38, .5.67; C. A. 1917, 

II, 54.5. 

6. J. S. C. I. 1917, 36, 575; abst. C. A. 1917, U, 2442. 
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several hundred tons per day and the present difficulty in obtain¬ 
ing raw^mtJ.t^ial and labor combined with increased demand for 
sulfuric* acid for other purposes has resulted in the constant appli¬ 
cation of niter cake solution in place of dilute sulfuric acid for the 
pickling of anneafed brass.* 

1. As a pickling iigent> niter cake solution is inferior to sulfuric aci‘J 
and under certain coiulitious its tise leads to very unsatisfactory results. 
I'or this reason the sul)ject is of more than passing interest to those who have 
to deal with the rapid pickling and cleaning of large quantities of annealed 
l>ra.ss. The two products controlling the success or otherwise of the proc'css 
are the niter cake and the annealed l)rass. Niter cake is essentially crude 
acid sodium sulfate and while the latter in the pure anhydrous state con* 
tains theoretically 40.8^ of sulfuric acid, the free acid found in niter cake 
may vary from to o.V,. It is evident that where difliculty may be 
experienced in obtaining satisfactory results with niter cake poor in frec. 
acid, complete satisfaction may be given with better qualities, and in pur¬ 
chasing a by-product of this nature for pickling purposes a minimum con¬ 
tent of sVee acid should lx* s])ecified. Niter cake iuvarialily contains small 
quantities of free nitric acid which, liowever, from a pickling point of view' 
are negligible, b'or pickling, the niter cake solution should be of such 
strength as to show to o'^ of sulfuric acid on titration and for reasons 
which may lx: considered later, tliere is no advantage to be gained in using 
solutions of higher acid concentration. 

While iv’ter cake is a variable product, annealed brass, from a pickling 
point of view may l)e even more so. According to the coiulitiotis of anneal- 
ing, it may be clean, practically free from superficial oxides and of a lirassy 
luster, or it may be dirty, black in color and badly stained llirough oxida¬ 
tion and contact with injurious furnace gases, (liveii clean work, niter 
cake solutions replace dilute sulfuric acid (piite efficiently but with dirty 
work the difTeretice is much more marked ami niter cake solution, even under 
the most favorable conditions may fail to pickle the w'ork satisfactorily. 
In the latter ease the use of iiiter^cake in place of sulfuric acid becomes a 
serious handicap and deterrent to rapid production, especially when manu¬ 
facture consists of a .sequence ofv mechanical operations between each of 
which the product lias to be annealed, pickled and cleaned. It is little con¬ 
solation for the manufacturer to know that his troubles lie in his annealing 
furnaces, for he cannot equi]) himself with furnaces of new type in order tg) 
overcome difficulties of jiiekling, ami it is for him to see that the niter cake 
solution is used under the most favorable contlitions possililc for efficient 
pickling. 

(a) The niter cake solution should Im* as hot as possible. 

(b) Its acid content should lx: tested frequently and maintained at 
to o' c hy the addition of niter cake. 

(c) The hot annealed prcKlucts may be (luenehed in water whereby 
much scale is mechanically l(X)sened and readily recovered prior to pickling. 

(d) The hot annealed work may be placed direct into llie niter cake 

solution. The pickle can thus be maintained at a high temperature without 
auxiliary steam heating. * 

(e) Oxidizing agents such as ferric salts, bichromates, or ix^rsulfates 
may be added in the piAle. Tlieir addition stimulates the solvent action 
of the niter cake solution, but their action is not constant and in many cases 
the price is prohibitive. 

(f) ElectroclKiiiical aid rniglit l)c sought by using a low voltage cur¬ 
rent, making the lead lining of the vat the cathode and the work to be 
pickled, the anode. 

(g) The movement of tlie work in the jiickle or/ami the agitation 
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. J. Hannay' calls attention to the fact that whereas niter cake 
is usually stated to contain 17% to 'S-i% of available sulfuric 
acid, the samples examined by him contained 35%*to 40%, the 
theoretical value for sodium bisulfate being 40.83%. He draws 
attention to the fact that diffiailty in transporting of this material 
is considerably enhanced by the marked hygro.seopicity of 
t'lie bisulfate and recommends for the commercial utilization 
of the niter cake solution that it be dissolved in stone tanks or 
in wooden tanks lint“d with lead or asphalt at a concentration 
of preferably 4 pounds per gallon. If wann water is available, 
solution is complete in about two hours, but with cold water .the 
niter cake is required to remain in the water over night. The 
solution thus obtained contains 10% to 11.5/J, of available sul¬ 
furic acid and there are but few uses to which vitriol is quit in 
calico bleaching and printing where such liquor may not be 
applied with advantage. lie claims that bleachers’ goods soured 
with niter cake arc equal in every respect to those .soured with 

of the pickle during pickling. • 

The difficulties met with in the successful use* of niter cake solution 
can only be overcome in a satisfactory manner by. in the first instance, 
paying close attention to the conditions governing the uiniealing so as to 
obtain the annealed brass as clean as possible, and secondly, l>y using the 
niter cake solution under coiiditions which will most strongly stimulate its 
pickling activity. 

It is quite probable that the action of pickle is not entirely solvent, as 
ludween oxide film and acid. In the casC of annealed brass being immersed 
in an acid pickle, all the elements aic pre.sent for electrochemical action 
and the difference in potential arising l»rtween the metal and the oxides 
may produce minute local currents which may aid or deter the solvent action 
of the jiickle according to tlic nature of the free ions present in the pickle, 
v^iich then becomes the electrolyte. 

K. Corbett (Bur. of Mines, 1918, 17 pp.) claims the saving of 10%~20% 
ill expense by the substitution of niter cake for sulfuric acid in the pickling 
of steel. 

H. tc Chatelier and B. Bogitch (Rev. Met. 1915, 12, 949; abst. J. S. 
C. I. 1910, 35, 845) have worked out the following procedure: the first solu¬ 
tion is made to contain 25 gm. sodium bisulfatc per 100 cc. and is used at 
80® until half the sulfuric acid has been consumed. Then 12.5 gm. of bisul¬ 
fate is added and the bath used a third time. The acid liquid thus charged 
with ferrous sulfate and on the point of crystallizing is then discarded. Al¬ 
ternately the bath may l)e cooled to 25®, after adding a third lot of bisulfate, 
wheif the double sodium and iron salt which crystallizes is separated, the 
liquor reheated to 80®, and the volume made up with added water. To 
ensure that none is wasted, it is better to add the tiisulfate dissolved in half 
its weight of txiiling water. It is necessary to control the acidity of the 
bath by actual tests to avoid loss of bisulfatc on the one hand, and undue 
impoverishment oL the bath, on the other. 

I. J. Soc. Dyers Col. J9U>, 32, 05; ab.st. J. vS. C. I. 1910, 35, 418; 
C. A. 1010,10,2151. 
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vitriol. According to an ofder pronuilgatedby the Briti.sh Min¬ 
istry of N^jniilions on and after October IS, IKKi, all supplies 
of siilfirfic and hydrochloric acids for bleaching were prohibited 
and niter cake recommended for use in its place. However, as 
P. Bean has drar.vn attention,' it is impossible to successfully 
bleach without using hydrochloric acid, and this applies par¬ 
ticularly to goods in which the highest degree of whiteness and 
purity is demanded. Certain classes of textiles, including those 
which have to be dyed or printed with alizarin colors, can only 
be bleached successfidly if they are snbjected to the lime boil, 
in which case it is essential to use IICl as sulfuric acid affords in¬ 
soluble calcium sulfate which is prone tf) be precipitated in small 
anujunts on the liber. 

IiT a partial possible substitution of niter cake for sulfuric 
acid in sulfate of ammonia, P. Parrish- considers that as a purely 

1, Chem. Trade J. I'lld, 59, ahst. J. S. C. I. UlUi, 35, lla2; 
C, 11)17, U, 102. 

2. Gas J. 11)17, 137 , ahst. J. H. C. I. 1017, 36 , .Till; C. A. 11)17, 
11 , 272S. Nfore reoently iGas J, IIUS. 143 , :il);'); ahst. C. A. 11)11), 13 , til)) 
tie lias found that, in ammonitini sulfate iiianufaetiire, liy adiliiit; ground 
niter cake to the acid charge pot, a satisfactory ini.vtiire of mixed sulfate 
of N'tb and Xa containing a higher content than 10', of NaiSO, was obtained, 
as well as economy of working. The H^SO, content of tile hath must not 
fall below O' or else ferrocyariides may form. The free aeiil content of the 
saturator lit|Uor should be determined by titration. The niter cake should 
be added wath regularity and should be of substantially imiform riuality. 
The amount of imdecomiiosed nitrate in the niter cake should also be known, 
as this is the chief eause of the corrosion of the lead. In one method the 
niter cake was dissolved in the fet41 acid in .suitable lead-lined tanks placetl 
contiguous to the saturator at such a height that the niter cake acid solu¬ 
tion llowed to the saturators by gravity. The lead-work of the dissolving 
tank corroded so badly that the itK-tliod was dise-ontirnietl. This corrosioti 
was due to the use of an inferior quality of niter cake or possibly the use of 
arsenical acid. A niter cake solution with an apiiroximate content of (i'e 

can be fed to the saturator along with the acid in certain fixed pro- 
[lortions. The X'Hj and the steam jiassitig forwaril from the stills as in 
ordinary (X'H,)....SOi plants, or with the coke gas as in direct iilants, enters 
the saturator where absorption rKicnrs and the sp. gr. tyereases. After 
time the deposition of (NHil-SO, ami Na,SOi occurs. Some of the sat¬ 
urator li(|Uor is ejected into the niother-li(|uor well and the supply of acid 
and niter cake solution to the saturator is resumed until the normal level 
of the bath is restored. On reaching the mother-liriuor well the discharged 
solution c«)ls and on reaching 4ti“ jiractically all the NajSOi crystallizes 
out. The lighter mothef-liquor containing NaHSOr and (NHilHSOr is 
again pumped to the saturator and a definite series of operations established. 
A Mond recovery plant at Eangworth, ling., uses the following process: 
The gases leaving the producer after having been ciwled and treated for the 
extraction of tar, are scrubbed in a tower with a ffiSOr .solution. 

On reaching the saturation point, the solution is evaporated and treated to 
crystallize out the (X'H,),SO). The residual mother-liquor is concentrated at 
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emergency measure, the productiSn of a mixed salt is (]uite 
feasible. He thinks damage to the lca<l work oj^he saturator 
need not be feared, for the niter cake docs not contain’more than 
0.5% of undecomposed nitrate. The manurial qualities of the 
mixed sulfate produced should, according rto Rothansted ex¬ 
periments, be satisfactory, due to the dtcided beneficial action 
exerted by the sodium sulfate. A mixed salt containing 10% of 
sodium .sulfate is regarded as the limit to substitution in practice. 
If a quantity of niter cake to attain this is added dissolved in 
water, the saturator will become too dilute. In the absence of 
a method of adding the niter cake in the form of a solid, the 
author recommends introducing it dissolved in a sulfuric acid vat 
into the bath, the cake being broken up into small pieces, is dis¬ 
solved in sulfuric acid in a lead-lined tank heated by closed steam 
coils, and the hot solution then used as saturator feed. By having 
duplicate tanks, one can be feeding the saturator while a fresh 
solution is made up in the other. A fairly uniform mixed salt 
can be made free from undue acidity, it requirinfj 14.7 tons of 
niter cake containing .'<2%, sulfuric acid and S7.8 tons of 70';;, 
sulfuric acid (.)r 7(1.8 tons of .8(1',,', acid to prrKluce one hundred 
tons of mixed salt containing KJ'ii of sodium sulfate. 

The Metallbank and Metallurgische Oes. and II. Klencke' 
obtain neutral salt cake by heating niter cake in the well known 
way with concentrated sxdfuric acid in a single funiace. space, the 
salt cake formed being in the Ikiuefied state. 'I'heir apparatus 
consists of a trough of highly aeid-resisting cast iron resting on 
a fire clay bed, provided with a cover of fire clay or similar material. 
The fire gases enter at one end perpendicular to the bath and leave 
the apparatus at the other end. It is stated for best results that 
the flame should be clear and not smoky. I'hc niter cake is in¬ 
troduced continuously by mechanical means, the neutral sulfate 
being removed at the opposite end by several outlets of different 

aliont H()" ami very little NaaSO^ from the niter cake g(X'S into solution, 
'^he mother-liquor, containing additional with the niter cake, is used 

in the tower, and the resultiiiK Nu 2 S (>4 sludge is washed free of NH4OH 
with water, the washings being used to dilute the tower acid. By this 
process, (NH 4 )aS 04 with a content of 2-1.5* i: NHj and 0.4^,H 2 S 04 is being 
produced, and saleable Glauber's salt can be crystallized out, containing 
oi*ly traces of NHn, which ai)pears to be occluded in the crystals of Na 2 S 04 . 

I. D. K» P. 27487^, 1912; abst. J. vS. C. 1. 1914, 33 , 788; C. A. 1914, 
8 , 2921; Chem. Zentr. 1914, 85 , 11, 95; Chem. Zlg. Rep. 1914, 38 , 238; Wag. 
Jahr. 1914, 60 , I, 340; Zls. ang. Chem. 1914, 27 , 398. 
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lengths. By this means tile maximum yield is obtained i 
F. Stane^ and G. Rog^' suggest heating with sulfur in a non¬ 
oxidizing atmosphere, collecting the sulfur dioxide and convert¬ 
ing the acid sodium sulfate to the normal sulfate by further treat¬ 
ment with sulfur dioxide. J. Grossmann- (Srtains caustic soda 

1. K. P. ISCiOo, iyi4fabst J. S. C, I. 191.''), 3«, 901; Ann. Report Koc. 

Chem. lud. 19ld, 1, Ii;i; Mon. Sci. 1917, 84, 70. See also Passmore. 1{. I*. 
Appl. 0003, 1918; abst. J. S. C. T. 1918, 37, 227-A. In the recrystallizatioii 
of niter cake, B. Saxton (J. Ind. ling. Chem. 1918, 10, 897; ab.st. C. A. 1919, 
13, 30.3) has developed equations for the system Na.SO,-HivSO,-H;0 at by 
means of which can be calculated (a) how much of any one solid phase will 
separate from a wjlution if the composition of the original solute aiul the 
acid concentration of the solution after crystallization are known; and (b) 
the weight of water in the solution after crystallization or the weight of water 
to be added to the .solid niter cake in order to leave a calculated weight of 
one of the solid phases. Calculations arc also made of the maximum amount 
of each solid pha.se which can be removed from solution at 2.3° and 0°. 
PrtKesses a'.e suggested whereby the may be concentrated in the solu¬ 

tion and Na>S 04 in the solid at the two temperatures mentione<l. 3'he 
separation can l>e made much more elficiently at the lower temperature. 

2. H. P. 12832. 1915; abst. J. vS. C. I. 1910, 35, 1059; C. A. 1910, 10, 
1408; 1917, 11, 878; 1918, 12, 203, 409, 1,501. IJ. 8. P. 12083.34, 1919; abst. 
J. vS. C. r. 1919, 38, 51.5-A. K. P. IKUOo, 1916; 114180, 1917; abst. C. 
A. 1918,12, lotU; J. S.C. I. 1917, 36, 12.34; 1918. 37, 241-A. H. IMlolUO, 
1917; C. A. 1918, 12, 1818; J. S. C. I. 1918, 37, .37I-A. U. P. 111875. 
1918; abst. J. S. C. I. 19(8, 37, .50-A; C. A. 1918, 12, 8^35. K. P. 119290; 
abst. J. S. C. I. 1918, 37, 040-A.- 7,3,3-A; C. A. 1919. 13, 1086. vSee also J. S. 
C. I. 1916. 35, 155; 1917, 36, 103.3, 1161; 1918, 37, 10.3-T. TKl-A, 241-A; C. 
A. 1918, 12, 1412. C. Gocxlwin, J. S. C. I. 1917, 36, 1161. J. Cirossmann 
(K. P. 115340, 1917: abst. J. S. C. T. 1918, 37, 371-A) obtains niter cake in 
a disintegrated or ground form by submitting the cake to a certain critical 
temperature—about 50° for niter cake containing 27*/,. free sulfuric acid, 
but varying with the content of free acid—the niter cake being disintegrated 
l)y crushing or grinding more readilythan under ordinary conditions. Ac¬ 
cordingly, solidified or hardened niter cake is cooled to the required degree 
and then disintegrated, the final grinding being completed at or near atmos¬ 
pheric temj)erature. 

In the W. Goulding and J. Ostersetzer process for rfrlificial manure 
manufacture (K. P. 233.3, 1901; abst. J. S. C. 1. 1902, 21, 3,38; Chem. Ztg. 
1902, 26, a mixture of 10 parts of magnesium carbonate, 20 parts sodium 
bisulfate, and 70 parts calcium carbonate; or 20 parts sodium bisulfate and 
80 parts calcium carbonate, is used to mix with artificial manure containing 
soluble phosphates with or without |>otash .salts, in the proportion of about 
17 parts to KK) parts of the manure. 'I'he addition of this “carl)8nated sodium 
powder” to an ordinary superphosphate manure is stated to render it fit 
for use in poor .soils deficient in lime. He has found (K. P. 114180, 1917; 
abst. J. S. C. I. 1918. 37, 241-A) that when the niter cake, finely ground, 
is mixed with finely ground sodium nitrate and heated at 1.30°-250° C., thv 
nitrate is dccomi>osed almost quantitatively with the evolution of nitrous 
fumes. The proportion in Which the substances arc mixed will depend on 
the quantity of free sulfuric acid in the niter cake. The process may be car¬ 
ried on under ordinary, augmented, or diminished pressure, and air may 
be either excluded from or passed through the apparatus in whjch the decom¬ 
position takes place. If excluded from the decomposing vessel, the air may 
^ mixed with the nitrous fumes subsequently, with formation of nitric and 
nitrous acids which may be used in the manufacture of sulfuric acid. The 
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dnd purified sodium sulfate from* niter cake by the foIIowiuK 
series of reactions: 

1. (SNajvSO, + HsvSOi) + 2CaSO, = 

2NaI-ISO:, + 2CaS()4 + 2Na2S()4 

The calcium sulfate is removed and lime added with agi¬ 
tation. 

2. 2 NaHvS 03 + 2 Na 2 vS 04 + Ca(()H )2 = 

NazSOs + CaSO, -f 2Na2SO., -f 21120. 

The calcium sulfite is removed and more lime added. 

3. NasSO, -I- CavSOs + 2NaoS()4 + 2 H 2 O + Ca(0H)2 = / 

2NaOH 4- 2 CaS 03 -f- 2 Na 2 vS 04 -f 2 II 2 O 

During reactions 2 and 3 (which may be combined in one 
operation) heat may be applied and also an augmented pressure. 
The calcium sulfite is removed, washed, and used over again; 
the sulfate crystallizes out and after its separation, the liquid is 
further evaporated, if necessary to dryness. The apparatus for 
1 is a leaden tank provided with a cover and stirrer; that for 2 
and is similar but means for applying heat is added. 

C. Fish' has evolved a process of sizing pulp, combining the 
use of niter cake and aluminium .salts, the cake being added after 
the aluminium salts have been incorporated in the pulp. 'I'o the 
resin size is thoroughly mixed a small quantity of soluble alum¬ 
inium salts, say one-half to one per cent., calculated on the ma¬ 
terial in the beater and when tlifse are thoroughly mixed the niter 
cake is then added. 

D. Morgan^ has suggested a method for the utilization of 

mixture may be placed on trays carrieil l>y trolleys which arc introrluccd 
into the decomposing ehamlx-r at one end where the temperature is below 
1150° and discharged at the other end, the tcm|wrature of which is about 
2.50°. Also (E. P. 11187.5, 1916; .abst. J. S. C. I. 1918 37, ,56-A) that by 
heating a mixture of sodium nitrate, niter cake, and carbonaceous material 
in .suitable proportions to about 250°, the nitrogen is evolved almost entirely 
as nitric acid or oxides easily oxidized to nitric acid, there being no nitrogen 
nor nitrous oxide formed; the residue is an easily friable form of slightly 
^cid sodium sulfate with carbonaceous material. The process may be con¬ 
ducted at ordinary, increased, or reduced pressure, and air may be blown 
or drawn through part or all of the system. The evolved nitrous ga.scs may 
be treated with air and steam for the production of nitric acid or passed to 
a sulfuric acid plant. 

. I. E. P. 16742, 1915; abst. C. A. 1917, 11, 1.547; J. S. C. I. 1917, 38, 
1.S2. Cf. E. «art, J. I. Eng. Chem. 1918, M, 238; abst. C. A. 1918, 12, 980. 

2. Econ. Proc. Roy. Dublin Soc. 1917, 2, 2;18; abst. J. .S. C. I. 1917, 
38, .504. vSee also A. Campbell and A. Walker, E. P. 9782, 1894. In tl»c 
process of J. Morgan (E. P. 1281102, 1917; abst. C. A. 1919, 13, 2981; J. S, 
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niter eake wliicl.i avoids serioiVs loss of either sfilfur or alkali and 
also eliminat(;s_in a large measure the dillk'iilties of transit and 
storage of the salt. He found that when niter cake is heated 
with sand, sulfuric acid is evolved and a S(xla frit obtained which, 
however, still contains notable amounts of sidfate. Increase of 
the proportion of .sand' reduces the amount of residual sulfate, 
and this is still further minimi/.ed 1)y the use of charcoal, sulfur 
and sulfur dioxide being then formed along with the sulfuric 
acid. It is claimed that the .soda frit may be advantageously 
converted into a glass by melting with suitable oxides. If the 
use of', fluorides is avoided the recovery of the sulfur and the 
formation of a glass may be carried out at one operation, the 
retort being connected with the sidfuric acid plant. 

I,. vSherwood’ utilizes the heat from the combustion of sul¬ 
fur to heat niter cake and to elTcct dccomi)osition of the latter 
into sulfur dioxide and sodium sulfate. The latter is recovered 
as such and the sulfur dioxide produced by the decomposition and 
by the combustion is converted into stdfuric acid. 

Iv. Hart- dissolves the niter cake in water to form a solution 
of about l.dO sp. gr., and this solution is cooled to about - 111“ 
whereby the .sodium .sulfate crystallizes out in a granular mass. 
R. Lamb'' prefers to wash with sodium chloride and to recover 
the niter by means of the differen,ce in solubility. In the process 
of the Societe Industrielle le Lroduits Chimi(|ues' the niter cake 
is dissolved in water and treated with an excess of gaseous am¬ 
monia, after which the solution is saturated with carbon dioxide. 

C. r. ]iU0. 38, 4JSI-A) niU-r cake is heak-d in a closed chamt/er to produce 
neutral sulfate, and this, while still hot, is further heated in the closed chain 
hitr with a material, such as slag, which will drive out the eomliined acid. 
The opening statenient refers to the deeomposition of N'a,SC.),i by .'sitt.i or 
.‘tlgts- The particular process ileseribed consists in pkaoing the niter cake 
on the surface of molten basic slag which drives off the free acid, anil then 
breaking the crust and stirring the residue into the body of the itiolten slag. 
This removes the combined acid and leaves the slag in a form more suitable 
for setts and for fertilizer. Cf. li. P. 117S0, ISS."); l.S-l-l, 11)07; L'7,'i, 100,S; 
ahst. J. S. C. f, 100,S, 27, 22.7, X08. 

1, V. S. P. 12.'j.'j474, ItllK; abst. C. A. lObS, 12, 0K2; J, ,S. C. 1. 101 K,» 
37, 20(i-A. In this connection see J. Johnston, J. 1. ling. Chem. lOlK, 10, 
4(18; abst. C. A. 1018, 12, 140». 

2. U. S. P. 12.'')880.'), 1018; abst. C. A. 1018, 12, 1 tbi; J. S. C. I. 1018, 
37, d02-A. 

.'i. .S. P. 1242;1 .'m, 1018; abst. C. A. 1018, 12, 207; J. S. f. I. 1017, 

36, 1227. ‘ 

4. Iv. P. 100814, 1017; abst. C. A. 1018, 12, 207; J. S. C. 1. lOlK, 37, 

mrj-A. 
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The precipitated sodium bicarbonate Ts washed and dried, and the 
mother-liquor, after neutralization with niter cak^ solution, is 
diluted and cooled to or below zero to separate the sodium sul¬ 
fate. The solution is then concentrated in vaaio to recover the 
ammonium sulfate. C. (lodbcr' uses niter cal* with salt in the 
^nanufacture of HCl and salt cake in a mechanical furnace at 
about (>()()'’ where the sources of supply contain from 2!).5%-;52% 
sulfuric acid. 

The (lewerkschaft Amelie- first roast the sodium acid sulfate 
with an excess of KCl to protluce acid potassium sulfate. Accord¬ 
ing to C. Goodwin-' the rational utilization of niter cake lies in 
the manufacture of IICI of high strength which would displace 
both niter cake and sulfuric acid in many non-essential industries. 

In the industrial utilization of fertilizers, according to the 
method of I,. Angibaud,^ in addition to the substance named in 
the chief patent,-' sodium bisulfatc has been found also to dis¬ 
solve horn, leather, furs, wool, skins, bones and glue residues. 

In a process for producing soluble potassium coyipounds, as 
evolved by H. Bassett,* a mixture of the insoluble silicate con¬ 
taining potassium with an alkali acid sidfale, and another salt 
capable of absorbing sulfur trioxide, is heated progressively to the 
decomposition temperature of the acid sulfate. The sulfur tri¬ 
oxide gas liberated by the rcactiiyi is led back and brought into 
contact with the ma.ss at the commencement of the heating, when 
it is again absorbed and brought ilfto action. 

In the production of hydrogen, pure Glauber salts, and a gas 
purifying ma,ss from iron scrap and sodium bisulfate,’ a solution 
of the bisulfate of sp. gr. l.K) is added to scrap iron in a sutiable 
tank and is heated by steam to f)()°, the liberated hydrogen being 
washed and collected in a holder. The resulting solution of 
ferrous and sodium sulfates is then treated with an excess of pow- 

1. J. S. C. I. ions, 37, 4K-T. See also 1!»17, 36, l21(i-.4. C. A. lt»IS, 

12, 7i;!, Anon., J. S. C. I. 1017, 36, 1216-A; abst. C. A. 1018, 12, 74;i. 

2. D. R, I’. 2822.');i, lOPj,- abst, C. A. 101.5, 9, 243.5; Chem. Zentr. 
lOff), 86, I, ,51,5; Chem. Ztg. Rep. 101,5, 39, 73; Zts. ang. Chem. 1015, 28, 
14,5. 

3. J. S. C. I. 1017, 36, 111)1; ab.sl, C. A. 10t8,12, 517. 

4. First addii. to F. P. 330820, 1012; ab.st. J. S. C. I. 1013, 32, 619. 

. 5. F. P. 330820, 1004; abst. J. S. C, I. 11K)4, 23, 720; Mon. Sci. 1906, 
65, 43. 

6. .11. S. P. 1217388, 1017; abst. ]. vS. C, I. 1917, 36, 4,5,5. 

7. P. Bccqucvort and C. Deguidc, K. P. 107807, 1916; abst. J. S. C. I. 
1917, 36, 062. 
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tiered lime, producing a mixlure of calcium and ferrous hydroxfde, 
which i^^aeiated to convert the latter into ferric hydroxide. The 
mass is fdter-pressed and the solution flowing away is concentrated 
to a sp. gr. of 1.2(1, Glauber salt being scj^irated by crystalliza¬ 
tion. The materfal left in the filter press is used as a gas purifying 
agent. 

In the II. Brandenburg and A. Weyland' process for the ex¬ 
traction of tin from dross, slag, and \vaste, the powdered material 
is mixed with water and heat treated with a mixture of one part 
of hydrochloric acid with two parts by volume of sidfuric acid, 
no extraneous heating being needed; and the tin dissolved is 
separated from the filtered solution by known means. It is 
claimed that scxlium chloride may with advantage replace hydro¬ 
chloric ticid in the process, or the sulfuric acid may be replaced 
by sfjdium bisulfatc, in which case it is necessary to heat the 
mixture.- 

E. Bromine and R. Steinau,'* recover zinc and galvanized 
iron articles by treating the articles in the presence of an excess 
of water with a mixture of alkali bisulfate and alkali or alkaline 
earth chloride.^ 

The concrete waterproofing composition of C. Ellis'' con¬ 
sists of an acid sludge, such as is produced by dissolving acid 
sodium sulfate in water, whigh is treated with an equix'alent 
quantity, or with an excess of lime and admixed with [lulverulent 
material. ’ 

In the production of formic esters from sexlium formate, ac¬ 
cording to the patent of P. Ivngelskirschen,''' a mixture of alcohol,* 
sodium formate and sodium bisulfate is heated, and the formic 
ester is distilled off under ortlinary pressure if its boiling point 
is lielow 100°, or under reduced pressure if the boiling point of 

1. n. P. I(i;i77, UWi; afist. J. S. C. I. I'Ktt, 22, louo! 

2 . K. P. 21424. P.IOl; al.st. J. S. t. I. 11)02. 21, 1)70. 

.4. 8. P. K)42;!I.S, 11)12; aO.st. J. S. C. I. 1<)12, 31, I0K2: C. A. 11)12, 

6, .•J400; Mon. Sci, 1014, 75, 104, IJ. K. P. 28.7!)2.4, 1014; ahst. J. S, C. I. 

u)l,'), 34, ll.')l: Chem. Zentr. l!)l.'->, 86, II, 4.')1; Chom. ZIr. Rep. 191.4, ‘35, 
404; Zts. ang. Chem, 1915, 28, 4.48. 

4. Camming, Romafie.s and Walker, If. P. Appl 2728, 1917; abst. 
J. S. C. I. 1917, 36, 24. 

5. u. S. P, 1077689, 1914; abst. J. S. C. I. 1913, 32, 11.57; C. A, 1914, 
8,241. 

6. D R. P. 2.5.5441, 1911; abst. J. S. C. I. 1914, 32, 480; C. A. 1913, 

7, 1587; .Mon. l^i. 1916, 83, .59; Chem. Zentr 1914, 84, I, .449; Chem. Ztg. 

Kep. 1912, 36, 49; Wag. Jahr. 1912, 58, M, 41; Zts. ang, Chem. 1913, 26, 114, 
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th« ester is above 100“. The esters are stated to be obtained in 
very good yields and of substantially neutral reaction. 

In the manufacture of sulfuric acid from niter-cak#, as per¬ 
fected by F. Freeth,* niter cake, calcium .sulfate and water are 
mixed in the proportion of 089: ISO; 313, and heated to .50“ with 
^constant stirring until a solution saturated .with sodium bisulfate 
is formed. The double salt CaS 0 i.Na 2 S 04 and calcium sulfate 
are produced. The precipitated double salt containing some cal¬ 
cium sulfate is separated aiul the .solution cooled to 2.5° until 
sodium bisulfate separates out. This is removed and the solu¬ 
tion concentrated until it contains 70%-7.5')J, of sulfuric acid, and 
is then cooled to 2.5°, the remaining sodium sulfate being de¬ 
posited as an acid .salt. After sepination of this substance the 
solution contains 75%-8()% of sulfuric acid with less tjian \% 
of sodium .sulfate. The .stxiium bisulfate and the sodium acid 
sulfate obtained as above are then treated with more calcium 
sulfate, and this cycle of operations repeated. The double salt 
CaSO^, NajSOi is decomposed by extracting it with hot water, 
the soflium sulfate pas.sing into solution while the greater portion 
of the calcium sulfate remains insoluble. Temperatures much 
higher or lower than .50“ are said to be unfavorable to the main 
reaction. 

The A. French proce.ss for the treatment of refractory zinc- 
Icad ores,’ comprizes first roasting the ore and then mixing with 
from .5%-1.5% (calculated on tke original ore) of pulverized 
sodium bisulfate. The mixture is heated to dull redness in a 
•reverberatory furnace, the temperature being kept below the 
.sintering point in order to retain the mass in a loose powdery 
form, and then, after cooling, the soluble sulfates are recovered' 
by lixiviation with water containing a small proportion of sodium 
bisulfate. The above process is intended especially for the com¬ 
mercial separation of zinc and manganese from complex ores. 

In the manufacture of concentrated colorless acetic acid 
fram crude pyroligneous acid, G. Clock,’ adds sodium bisulfate 

1. K. P. 117049, 1917; abst. J. S. C. I. 1918, 37, 579-A; C. A. 1918, 
12, 2067; Chem. Trade J. 1918, S3, 170; Chem. Zentr. 1919, 90, II, 24.5. 

2. U. S. P. 1041060, 1912; abst. J. S, C. I. 1912, 31, 1082; C. A. 1912, 
S, 3400; Mon. Sci. 1913, 79, 103; Chem. Ztg. Rep. 1913, 37, 24. 

3. D. R.^. 1304.59, 1901; abst. J. S. C. I. 1902, 21, 721; Mon. Set. 
1902, 58, 18:1; 1903, 59, 700; Chem. Centr. 1902, 73, 1, 1138; Chem. Ztg. 11K12, 
2S, .589; Chem. Zts. 1903, 2, 91; Jahr. Chem. 1902, 55, 815; Wag. Jahr. 1902, 
48, n, 7. 
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to crude pyroligneous acid, the major portion of the tarry matter 
present being separated, which collects as an oily layer on the 
surface. *'■ AfTei’ removal of this layer, distillation of the aqueous 
portion is said to yield a nearly pure acid, the first fraction being 
the most concentrated. 

C. Hansen' obtains free sulfur and sodium sulfate by heating^ 
together a mixed solution of bisulfate and sulfite, in the molecular 
proportion 2:1, under pressure for four or five hours, at a tem¬ 
perature of l(iO°-fTO°. 

In a pickling process for copper, assigned to the Western 
Cartridge Company by K. Hitch,- copper and metals containing 
copper are cleansed by pickling in a bath containing sodium bi¬ 
sulfate and an oxidizing agent, such as sodium or potassium 
bichromjitc. In the general pickling of metal goods," the articles 
may be immersed in an acid bath to which is added a small 
quantity of waste sulfite liquor which has been freed from sulfites 
by precipitating with a basic calcium compound and filtering off 
the precipitate. 

H. Kendall' proposes to sulfonate coal-tar dyes by first con¬ 
verting sodium acid sulfaty into disulfate, which is "persulfaled 
with one chemical equivalent of monohydrated sulfuric acid and 
the pulverized dehydrated coal-tar dye to be sulfonated being 
then added to the fused mass; after thorough admixture until 
sulfonation of the dye is effected, the mass is dissolved in water, 
the excess of sulfuric acid ren:f)ved with an e(iuivaleut amount 
of calcium hydroxide, and the filtrate evaporated to dryness.” 

In obtaining hydrochloric acid, sodium sulfate, and magne¬ 
sium .sulfate, according to the patent of W. Kerr,'' a mixture of 
’niter cake and magnesium chloride in the proportion of 2 mole¬ 
cules of the former to one of the latter, is heatert with a little 
water to about 200°, whereby hydrochloric acid is evolved ;uid a 

I. V. S. P. 1101710, li02!)ll, l!0;i; alisL C. A. 001, 8 , 2020, lilOl; 
Mon. Sci. no t, 81, 177. 

2. V. S. P. 1200220, 1010: abst. J. S. C. I. 1017, 36, HO. The priK-ess 
of W. Hyatt and 1C. Pelluwes (IC, P. I lOlHI, 11117; abst. J. S. C. 1. lOlH, H, 
420-A; Mon. Sci. 1010, 86 , 2.'i,i is similar. 

.'i. A. HolTmaii and W. Parkin, il, .S. P. 12217.'!"), 1017; abst J. S. C, 

1 .1017, 36, rm. 

4. i;. S. P. 1217402, 1017; abst. J. S. C. I. 1017, 36, .">00; Mon. ,Hei. 
1017, 84, 71. 

.'■). U. S. P. 120.'i.'i.o7, 1010; abst. J. .S. C. I. 1010, 35, 1200; Mon. Sci. 
1917, 84, :j0. 
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mixture of sodium and magncsimn sulfates remain. 

R. Kruegener' prepares oxidizinj? baths for photographic 
purposes by means of a solution containing potassium perman¬ 
ganate and sodium bisulfate, which are especially applicable for 
the reversal of images. , 

In the manufacture of hydrochloric .%cid and sodium sulfate, 
according to T. Meyer’s process- a mixture of sodium chloride 
and bisulfate is heated to about 400°, the IICl evolved being ab¬ 
sorbed by water, and sodium sulfate remaining as a residue.“ 

M. Muller’ has obtained patent protection for a method of 
precipitating and coagulating viscose by the use of acid s.odium 
sulfate. His process for utilizing sulfate-cellulose waste liquor’’ 
comprizes roasting S(xlium bisulfate in a furnace under reducing 
conditions with waste liquor from the digestion of sulfite pulp. 
The free sulfuric acid of the bisulfate is reduced to sulfurous 
acid, which may be employed for the preparation of fresh sulfite 
liquor. 

In the preparation of sodium sulfate and concentrated hydro¬ 
chloric acid gas, the Societe K. Oehlcr,'' employ finely powdered 
sodium bisulfate and a suitable proportion of sodium chloride 
arc intimately mixed, and the mixture heated below redness in 
a closed vessel provided only with an exit tube or tubes for the 
gas. I'Viable sodium sulfate is said to remain in the retort.’ 

In the production of sulfuric acid from sulfates or bisulfates 
of industrial origin, or from ijiinerals of complex constitution 
(glauberite or ahmite) with the production of caustic alkalis or 
alkali salts, aluminium .sulfate, or purified aluminium oxide, the 
Societe Diro Fils* have found that the process is dependent upon 
the affinity of aluminium for alkalis, so that when employed in 

1. D. R. P. 198001, 1(H)7; abst. J. S. C. I, 1908, 27, 884; Chem. Zts. 
Kcp. 1908, 32, .I.Kl; Wax. Jahr. 1908, 54, II, 497, 

2, T. Meyer, U. S. P. 702877, 1902; abst, J. S. C. I. 1902, 21, 971; 
Clicin. Ztg. 1902, 26, 08.5; Moii, Sei. 1902, 58, 184; Chem. Zts. 1908, 2, 27.5. 

8. Morris, K. P. Appl. 10874, 1917; abst. J. S, C. 1. 1917, 36, 78. 

4. 11. S. P. 8804.52; abst. Mon. Sei. 1907, 67, 11.5, 

. .5. D. R. P. 297874, 1910; abst. J. .S, C. I. 1917, 36, 870; Chem. Ztg. 

Rep. 1917, 41, 148. 

0. K, P. 8188.80, 1902; abst. J. S. C. I. U102, 21, 14.54; Mon. Sci. 19a8, 
59, 121. 

7. 11. S. P. 098704, 702877, 1902; abst. J. S. C. I. 1902, 21, 772, 971; 
Chem. Ztg. 1902, 26, 401, 03.5; Chem. Zts. 1908, 2, 9. 27.5; Mon. Sci. 1902, 
58, 188, 11«.» 

8. K, P, 417810, 1909; abst. C. A. 1912, 6, 1900; Mon. ,Sci. 1918, 79, 
8,5; Chem. Ztg. Rep. 1910, 34, 022; 1911, 35, 821. 
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a material which docs not conf,ain aluminium, this must be adde^ 
in the form of beauxite or aluminium sulfate. The process is 
favorably ^artwd out in a muffled furnace in order to obtain the 
.sulfur dioxide and sulfur trioxide free from combustion gases. 

M. Sohon' has described an effervescing tnixture containing 
sodium acid, sulfate or sodium pyrosulfate in combination with 
carbonates. 

In the manufacture of neutral calcined sulfate and sulfuric 
acid from bisulfatc,'* the latter is subjected in a state of fine 
subdivision to the action of highly heated gases such as air, steam, 
or a mixture of these, or fire gases, whereupon the bisulfatc is 
split into neutral sulfate and hydrated sulfuric acid. 

The process of C. Wuerster’ for the sizing of paper embraces 
the use of sodium bisulfate, either alone or in conjunction with 
an aluminium salt for decomposing the rosin soap in the sizing 
of paper. The object is to obtain the sizing substance in the form 
of free rosin and to decompose any aluminium resinate which may 
he produced. 

J. Beveridge^ heats niter cake with carbonaceous material in 
a non-oxidizing atmosphere at a temperature which converts the 
acid sulfate into a normal salt, the sulfur dioxide and trioxide 
evolved being recovered as sulfite and sulfuric acid respectively. 
H. Foote* has summarized the literature concerning the solu- 

1. U. .S. P. 12282.')2, l!)17; abst.'J. .S. C. I. 1017, 36, 872. See also 
S. Trivick, U. .S. P. 728;«.5, liH);t; ahst. J. S. C. I. 100:i, 22, 742, I l.iO; Cliein. 
Zts. HKW, 2, G30. 

2. D. R. P. 22()110. 1900; abst. C. A. 1011, 5, 117,7; Mon. .Sei. 1014, 
81, 87; Chem. Zentr. 1910, 81, 11, 1178; Chein. Ztg. Rep. 1010, 34, 408; 
Chem. Zts. 1911, M, No. 2.387; Jahr. Chem. 1910, 63, I, ,327; Wag. Jahr. 
1910, 56, I, 44,3; Zts. ang. Chem. 1910, 23, 2294. 

.3. U, S. P. 695778, 1<K)2; abst. J. S. C. I. 1902, 21, 036. 

4. U. vS. P. 1.31.3811, 1919; abst. J. ,S. C. I. 1919, 38, 819-A; C. A. 
1919, 13, 2981. Can. P. 19281.3, 1919; abst. C. A. 1919, 13, 2746. 

5. J. Ind. Eng. Chem. 1918, 10, 896; abst. J. S. C. I, 1018, 37, 76,3; 
C. A. 1918, 12, 2477. In this connection see B, Johnston, ]■> Ind. Eng. 
Chem. 1918, 10, 468. W. Herz, Zts. anorg. Chem. 1912, 73, 274. J. 
Van’t HoH and C. Van Deventer, Zts. physik. Chem. 1887,1,170. H. Rooze- 
boom, Zts. physik. Chem. 1888, 2, 513. J. Koppcl, Zts. phy.sik. Chem. 
1902, 42, 1; 1905, 52, 385. F, .Schreinemakers and 1). van Prooije, Proc,. 
Akad. Wetenschappen 15, 1326; abst. C, A. 1914, 8, 1068. A. Massink, 
ZLs. physik. Chem. 1917, 02, 351; abst, C. A. 1917, 11, .3184. H. Le Chatelier 
and B. Bogitch, Rev. Mctall. *191.3, 12, 949; abst. C. A. 1916, 10, 2460. F. 
Cameron and A. Seidell, J. physik. Chem. 1901, 5, 649. J. van’t HofI, Zts. 
anorg. Chem. 1905, 47, 244. F. Kenrick, J. physik. Chem. 1908, 12, 693.' 
F. Wirth, Zts. anorg. Chem. 1913, 79, 360. D. Florentin, Bulk Soc. Chim. 
1913, 13, 362. J. Bell and W. Taber, J. physik. Chem. 1908, 12, 171. H. 
Fpote, J. A. C. S. 1915, 37, 288. E. Volkhoaskii, J, Russ. Phys. Chem. 
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Wlity of systems relating to nit& cake and .sodium sulfate. 

The fertilizer of P. Carter' comprizes cyanainjde^niter cake 
and ‘‘fertilizer stick.”'' One bath chrome liquors,’ and in lieu of 
sulfuric acid for the solution of zinc slimes’ have also been put 
forward as desirable outlets for this product,*as are the patented 
processes for the manufacture of amnidnium sulfate,’ aqd for 
glass production.® The P. Shuey fetilizer consists of ground 
phosphate rock and molten niter cake.’ The solubility and re¬ 
crystallization of sodium sulfate acid has been determined byj. 
D’Ans,* P. Pascal® and B. Saxton.'® 

In the cleansing of diamonds, M. Schuyten recommeilds" in 
order to avoid injuring the health of the workmen, that after 
being ground, the diamonds be cleaned by treatment with fu.sed 
potassium or sodium bLsulfate instead of, as usual, by boiling with 
.sulfuric and nitric acids. Good results have been obtained with 

Soc. 41, 1703; absl. C. A. 1011, 5, 017. U. Cameron and J. Breazeale, J. 
pliysik. Chem. 1903, 7, 571. A. Hoffman, Zts. ang. Chem. 1910, 23, 1072. 

1. U. S. 1>. 1293029, 1919; abst. J. S. C. I. 1919, 38, .fitS-A. 

2. ]’. Carter, U. S. P. 1279838, 1918; abst. J. S. C. I. 1919, 38, 24. 

3. J. Churchill, Shoe and I,eather Rep. Oct. 24, 1918; J. Amer. Leather 
Chem. Assoc. 13, 007. 

4. W. Cullen, J. Chem, and Metall. Soc. of S. Africa, 1902, (4), 3, 
37; abst. J. S. C. I. 1902, 21, 1290. 

.5. H. Dawson, R. P. 12.5311, 127077, 1918; abst. J. S. C. 1. 1918, 38, 
440-A, ,301-A, ,5:i5-A. J. S. C. 1. 1919, 38, 98; abst. C. A. 1919, 13, 1013. 
J. C. S. 1918, 113, 075; abst. J. S. C»I. 1918, 37, .577-A; C. A. 1918, 12, 2290; 
Mon. Sci. 1919, So, 40. 

0. According to H. Galt (U. .S, P. 1312782, 1312783, 1312784, 1919; 
abst. J. S. C. I. 1919, 38, 723-A; C. A. 1919, 13, 2577, 2584) niter cake is used 
us a substitute fur salt cake in glass manufacture, after neutralizing the 
free acid of the niter cake by the addition of an alkali such as sodium car¬ 
bonate, lime or limestone. Neutralization of the niter cake in this manner 
prevents corrosion of the glass pots or surrounding metal objects and avoids 
any po.ssibiIity of harmful effects of "salt water" in the molten batch. 'A 
glass bath may, e. g., be formed of sand 1000, sodium carbonate 298, a 
preformed mixture of niter cake 60 and sodium carlmnatc 16 parts, sodium 
chloride 2.5, limestone .309, coal 3 and arsenious oxide 5 parts, or sand 1000 
mixture of niter cake 607.5 and limestone 179 parts (calcined), limestone 
181 and coal 45 parts; or sand 1000, mixture of calcium hydroxide 1.38 and 
niter cake 6(X) parts (calcined), limestone .3.30 and coal 45 parts. 

7. P. McG. Shuey, U. S. P. 129.3220, 1919; abst. J. S. C. I. 1919, 
88 , 333-A; Mon. Sci. 1919, 86 , 48. 

8. Ber. 1906, 39, 1534; abst Zts. anorg. Chem. 1906, 49, 356; 1909, 

61,91; J. S. C. I. 1906, 25, 534. • 

9. Compt. rend. 1917, 164, 628; abst. J. S. C. I. 1917, 36, 594. 

, 10. J. Ind. Eng. Chem. 1918,10, 897; abst. J. S. C. I. 1918, 37, 765. 

11. Haiideiingen van het achtste Vlaam.sch Natuur-en Geneeskundig 
Congress, genoifden te Antwerpen on Sept. 25, 1904; abst. Chem. Centr. 
1905, 76, 1, 411; J. S. C. I. 1905, 24, 196. 
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niter cake in paper sizing in'the hands of J. Stephenson,' whik' 
Stcinhart and Vogel- produce neutral sodium sulfate and acetic- 
acid from fiiteFcake and an alkaline or alkaline earth acetate. 

In the preparation of superphosphate, it is recommended to 
mix finely ground P-lorida pebble phosphate,' Canadian apatite 
and powdered niter cake, the only apparatus reriuired being 
grinding and mixing machines.' In the W. Kec patent,' niter 
cake is so heated that it evohes sulfur trioxide and forms salt 
cake. Solid sodium sulfate is then added to cause solidification 
of the mass. I'he process of L. Springer' is similar. 

R, Haack" prepares hydrochloric acid from niter cake and 
salt according to the ecpiation: 

XaHStb + NaCl + 2C = Xa-.S + llCl + 2C(b 
For the ploduction of ammonium sulfate,' niter cake ammonium 
sulfate and sodium sulfate arc mixed in the presence of water; 
a portion of the sodium sulfate is separated, and the solution used 
without addition of ammonia for the absorbing ammonia from 
gases containkig the same. 

Hough Niter Cake Flaking Machine, for handling niter cake 
(Fig. .'>2), consists of a single drum mounted on a hollow shaft, 
attachments being made at one end of the shaft by means of which 
water of the desired temperature is introduced to the drum. 
This water leaves the drum fromdhe other end of the shaft. 

The niter cake in a molten condition laps against the cool 
drum, the latter revolving at a sik-ed of approximately lb r. p. m. 
About two-thirds of the way around the drum, a doctor or knife 
is affixed, being supported on a carriage having an adjustment 
which enables the operator to advance or recede the knife as 

1. J. .S. C, I. lillK, 38, I2K-T; al)sL C. A. lUlH, 12, l.iiW, .Sct also 
-Sindall and Bacon, Paper, Itiui, 18, No. 21, 22; Paper Makers Montldv J- 
P.IIK, 56, 22U. Paper Making, 17, :i7H. 

2. E. P. Appl. 287!»9, I!I02; abst. J. S. C. I. P.MW, 22, .'ili. 

.'i, F, .Shutt and E. Wright, Royal Sik. Canada, HUH; abst. Can. Chein. 
J. ItUH, 2, .'ill; abst. J. S, C. I. H)l!l, 38, ,s;i-A. 

4. t;. S. P, l:j|;iH)2, 1911); abst. J. ,S. C. I. HU9, 38, 7IH-A; C. A. I!)H), 
13, 2070. 

o. Keram. Rundschau, 1910, 24, H, lb); 1917, 25, 0.1; abst. J. Soc. 
Glass Tech. 1, 11, 4; 1918, 2, e072; C. A 1917, 11, :il(l.'); 1918, 12, 2672. 

0. D. R. P, 121)001; abst. Wag. Jahr. 1901, 47, 1, 480; Chetn. Ztg. 

1901. 25, 1117; Zt.s. ang. Chem 1901, 14, 1281; Chem. Cenir, 1901, 72, 11, 
).'172; Jahr. Chem. 1902, 55, .5.'i7; Chem. Zts. 1902, 1, 280, .'184; Mon. .Sen. 

1902, 58, 71, 

7. C. Bailey, H. Denny and W. Norris, tl. S. P. 102,')005, 1919; abst. 
J. S. C. I. 1920, 39, l.jO-A. 



NITRIC ACIb 


SO!) 


desired. The niter cake ttien falls from the drum in the form of 
flakes. 

A recent improvement has been made in the nariire W a mi¬ 
crometer adjustment, which enables the operator at will to change 
the angle of the knife edge to compensate fo 4 the slight wear 



Fig. .'j2 .—Hough Niter Cake Feaker 


that is bound to develop after the machine has been in operation 
for a few hours. To this end a knife is firmly secured to a sub¬ 
stantial carriage having a forward adju.synent. The carriage 
itself is supported on a heavy shaft which is attached to a gear 
or wprm, the worm shaft terminating in a wheel. The operator, 
by giving the Wheel a half turn, can change the angle of the 
cutting edge. By this means, in the event of the knife riding on 
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the drum, it can instantlyubc brought into a cutting position by 
the means described. 

'l’ri'ose'''with experience, appreciate that the main trouble 
with flaking machines exists in the riding of the knife over the 
sidrstance to t)e removed from tlie drufn. The improvements 
of Hoifgh as above-outlined, arc claimed to completely remove 
this difiiculty. 

Analysis of Niter Cake. The sample as received is roughly 
broken up and quartered until about one pound remains. This is 
then ground in a mortar rapidly and again quartered, leaving a 
sample of about 100 gm. for analysis. 

Total Acidity, o gm. are dissolved in water and the solu¬ 
tion titrated with .V, 1 NaOH solution, using methyl orange as 
indicator. I'lie result obtained is expressed as % H»,SO.|. 

Insoluble. 20 gm. arc dissolved in water and the solution 
clarified by paper filtration, the filter ha\'ing been previously 
tared by drying for 2 hours at lOO'’ and weighed. The filter 
paper and residue arc then washed several times with hot dis¬ 
tilled water and finally dried for 2 hours in a steam oven. hVoin 
the gain in weight of the filter paper the per cent, of insoluble in 
the niter cake is calculated. 

Iran. 20 gm. arc dissolved in water and the solution neutral¬ 
ized with A'/Na()II and a few drops of ammonia added to the 
neutralized solution which is then filtered. The precipitate is 
washed, then taken up in a fgw' cc. dilute sulfuric acid, the solu¬ 
tion being collected in a 100 cc. measuring flask. Any iron present 
is reduced to the ferrous state by adding a sinall piece of ziny, 
and after the reaction is complete the solution is diluted to 
exactly lf)0 cc. An alirpiot [xjrtion i)i the solution is then with¬ 
drawn and titrated with A'/'lOO KMn() 4 . 

:\’itric Acid, a gm. are weighed out and dissolved in 20 cc. 
water and 100 cc. cone. H 2 SO 4 added to the solution. The licpiid 
is then titrated against standard ferrous ammonium sulfate solu¬ 
tion as dc.scribed elsewhere in this volume, and the result found 
calculated as percentage of HNO 3 . * 

Nitrous Acid, a gm. are weighed out into an Erlenmeyer 
flask and dissolved in water. 20.ee. Al/lOO KMn ()4 is then 
added and the excess of the latter titrated ba'‘k with Af/lOO 
ferrous ammonium sulfate. The result is calculated as perrenlage 



NITRIC ACID 


sn 


of HNO 2 . nie amount of nitrites* is usually small. 

'Arsenic. 10 gm. are dissolved in TiO cc. water'in a 50 cc. 
flask which has the calibration mark at the base of t’'e n^ck. A 
little zinc is added and the Gutzeit test carried out. 

Tar and Other Impurities. Wlien carrying out all of the above 
tests a close examination of the solutions is made for any indications 
r.r the presence of tarry matter or other impurities in the .sample. 

The Manufacture of Nitric Acid and Caustic Soda Simul¬ 
taneously. Of the many processes that have been brought forth 
for the decomposition of sodium nitrate .so that cau.stic soda is 
formed in addition to nitric acid, but although theoretically these 
processes offer enormous possibilities, none are in large prodtic- 
tion up to the present time. Their points of superiority are no 
waste of sulfuric acid and no production of niter cake which is 
practically valueless, the soda being transformed into Caustic 
s(xla or the carbonate—its most valuable forms. The difficulties 
heretofore encountered have been that the temperature of decom¬ 
position has been so high, with a correspondingly greater wear 
and tear on the retorts, while often a considerable portion of 
the nitric acid is reduced to the lower oxides, recoverable only 
with difficulty and with considerable loss. Furthermore, the 
production of nitric acid is not sufficiently great to meet the 
demands of explosives manufacturers. 

In 1<S()1‘ J. Malcolm proposed tf) mix sodium nitrate with 
sea sand or other inert material in a retort, nitrous fumes pa.ssing 
over and collected in water while the caustic soda remaining un¬ 
combined was recoverable by fdtration and simple evaporation 
fit)m the silica. Zinc oxide,'' iron oxide," sand," manganese di- 
oxkle,'' lime,® nickel or cobalt oxides,’ flint,* alumina,'-' with cal- 

1. li. P. 932, tail. 

2. J. Webster, K. P. 2007, 1801. 

.3. U. Mond, K. P. 2.').'')0, t862. 

4. H. Baker, J. Poole and W. Stace, If. P. 2020, laiO. 

5. i;. Prentiec, I!. P. 1811, 1874. 

0. W. Garroway, U. P. 7412, 1894 ; 2400, 189.’); abst, Mon. Sci. 1890, 
48, 24; Chem. Ztg. 189,5, M, 17.35. 

,7. R. Main and W. Donald, K. P. 23819, 1895; abst. Jahr. Cheni. 
1897, so, 503; Chem. Ztg. 1897, 21, 399; Mon. ,Sci. 1897, 50, 165. 

8. W. Garroway, 15. P. 2489, 1890; D. R. 79099; abst. Mon. Sci. 
1895, 40, 120; Ber. 1895, 20, 483; Chem. Centr. 1895, 66 , I, 982; Jahr. Chem. 
1895, 48, 723; Zts. ang. Chem. 1895, 8, 112. 

9. Soc. Anon, de.s Poudres et Nitrates, 15. P. 14.3.57, 1914; abst, C. A. 
191,5, 9, .3338; J. 9. C. I. 191.5, J4, 8(X). F. P. 473-133; abst. Mon. Sci. 1910, 
S3, 81. 
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ciuin carbonate, espcciallvf in a current ofc superheated steam or 
carbon dioxide' are some t)f the methods which have been pro¬ 
posed.*' J. Taylor- used uncalcined ferrous sulfate (copperas) or 
ferric sulfate (coquimbite); H. Baynes employed ferric oxide;" 
while (1. Lunge i^nd F. I,yte'' prefer to use'hematite, Venetian red 
being obtained as ijn additional by product, a special form of 
patented retort’' having been constructed for the purpose. li. 
Blackmore ])roposes to prcKluce nitric acid and peroxides at tlie 
same time, as by exposing barium nitrate to superheated steam, 
barium dioxide and nitric acid being formed." 

. Other Nitric Acid Processes Using Metallic Nitrates. 'I'he 
method of J. White' employs sulfuric acid and niter, and has for 
its object the prevention of the proeluctiou of large quantities of 
weak nitric acid. The retort is charged with IliDI) lbs. niter and 
21KHI lbs. "concentrated" vitriol, and distilled olT in the usual 
manner, producing about S.lll lbs. Db'IIN'O:, and 210 lbs. of 
about 7-1'r - b' the next charge of the retort this weak nitric 
acid is added to the niter and vitriol, and when distilled is said 
to produce Kill lbs. tIO", HNOj and 210 lbs. of 7-1','. The 
reason why the weak acid is converted into stronger acid is a])])ai - 

t. -A. Vogt. Iv 1>. 2aii.S, l.S'.)l; Chem, CfiUr. lHi«, 64, I, SIKI. 

2. i;. 1’. 42111, IKST; Chfin. Cfiitr. IX.S.S. 59, 

;i. I'. .S. 1>. (;:!2,'{1)4, I.Silll; li. I>. 727.'i, IH'lo. See al.-^o t'. .S. I*. 4.SI 11)7, 

I.S',(2: Julir. Cluin. I.S97, 50, .sli.'i; Mon. .Sci. I.S'.Ml, 48, UW; Clicm. Zlg, ISU'.l. 
2J, Hilt. 

■I. f. S, r. .'>11124, 1S1I4. H, 1>. i:i(i.'>4, lS!i:!. 

.i, D. R. 1>. 1I0 (m 4; ;il)sl. CV't'- Ci-ntr. IH'.I7, 68 , 1. 1142, Chi'in. Ztg. 

1H(I7, 21, 22.S; Jalir. Clwni. IW)7, 50, .■)l>!l; Wag. Jalir. 1S'.I7, 43, 470; Zts. 

ang. Chian. IW)7, 10, 2.S!I. I). K, 1>. 741.S7. H. I’. 7274. I.SlI.a; abst. Bt-r, 

IMlIt, 27, MKl: Cluan. Ciaitr. ISIM, 65, II, 2112: Jalir. Chiaii. 1H94, 47, ;■>:«; 
l,S'.)7, 50, .'>11:1, .atilt; Wag. Jalir. I,S!I4. 40, 477; Zts. ang. Cliiaii. bSlI-l, 7, 2il; 
Mon. Sci. IHlIti, 48, ItW; Chcin. Ztg. 181)11, 23, 804, .See also J. Vogel, Iviig. 
anil Min. J. 1900, 408. 

1). I..'. .S. P. 1)18772, 1899 ; 9824011, 1911; abst. C. A. 1911, 5, 1171. 

The proecss of Soc. Anon, lies Poudres (1*. P. 47.'14T1, 1914; abst. J. S. C. 1. 
lltl.a, 34, .a.'il; J. S. C. I. .\nii. Kept. 191(1, 1, 11(1) is for the production of 
alumina and nitric acid. Cliciii. Ztg. 1899,23, l.aO; Cliiail. Ztg, Rep, 1911. 
35, 129; .Mon. Sci. 1899, 54, H.'i; 1911, 75, lb'!. 

7. f. S. P. (148;422, 19(KI; abst. Chem. Ztg. 19(K), 24, 42'i. Plisson, 
F. P. 19291, 18.'>4; and addn. of June 2.a, IS.'l.a. Trainc & Hcllnicrs, H. 
Wever and P. Brandenburg (I). R. P. 2(19(1.5(1; abst. C. A. 1914, 8 , 2(412; 
Mon. Sci. 1917, 84, H.a; Cheni. Zentr. 1914, 85, I, 712; Chem. Ztg. Rep. 
1914, 38, Kill; Wag. JalA. 1914, 60, I, ;i.ar>; Zts. ang. Chem. 1914, 27, 144. 
Heat calcium nitrate. A. Schloesing, K, P. 441(107; abst. J. S. C. 1. 1910. 
31, 922. I. (Irossmann, D. R. P. 1(10(171; Chem. Zentr. 190.5, 76, I, 1.518; 
Chem. Ztg. 190.5, 29, .571; Chem. Zts. 1900, 5, 48(1; Jahr. Chem. I90,'dl908, 
I, 1777; Wag. Jahr. 190.5, 51, 1,-l l I; Zts. ang. Chem. 190.5,18, 11.51. J. Kess¬ 
ler, K.|P. .'>01(1, 1.88(1. 
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ently that the excess of water comhines with the niter cake. 
Whittaker’s process' is similar. 

The Oesterreichischer Verein- starts with ainmoniifin nitrate 
(perhaps a preparation to take the place of niter during the war) 
and decomposes it with at least sufficient sulfuric acid to form 
ammouium hydrosulfate. In the productiwn of nitric and hydro 
I'hloric acids," the nitric is produced in the usual manner by the 
action of sulfuric acid on NaNOs, and the NallSOi thus pro¬ 
duced mixed with an excess of salt and sufficient H..SOj to pro¬ 
duce Na 2 vSO|, the mixture being then healed in the HCl furnace. 

The II. I'rischer apparatus for nitric acid mamifacture'^.com- 
jirizes a retort having a number of vapor discharge pipes arranged 
at different points and connected singly or in pairs to separate 
coolers, and joining together towards the end of tlij' cooling 
system after most of the vapor has condensed. Or,'' the nitric 
acid may be made in a cylindrical bottom retort, in which the 
mass, by a revolving screw, is moved from the cold to the hot 
end. 'I'liere are partitions arranged so that the ^ases can be 
separately carried off from every compartment and condensed. 
A. Campbell and A. Walker" grind niter cake with niter and charge 
the mixture into retorts provided with mechanical agitators. The 
author has tried this process and was unable to make it work. 

1. H. I’. Ap|)l. l.'-.I.'j.S, I'll.''.; alist. J. S. C. 1. 35, (17. 

2. D. K. 1>. 2K()i)(i7: alist. J. ,S. C. I. lill"), 34, 4')|; Ann. Kept., J. S. 
C. ], 101(1, 1, 11.'); Mini. Sei. 1017, 84, 77; Chein. Zentr. 1014, U, It, 17.7; 
Clicin. Zlg. Hep. lOl.'), 39, 2; Wag. Jal»r. 1014, 60, I, .'i.'id; Zts. nng. Clicm. 
101 '), 28, 21 . 

It. Howard, f. S. H. 110:1.7.72, 101(1; alist. J. ,S. C. I. 101(1, 35, 0(12; 

,C. A. 101(1, 11, 2.‘i01. ,See .also W. Walker, H. P. 22,0.72, 1S04. H, Ilaker, 
1.1. S. 1’. lOSOOll, l.S7(l. J. Darling, 11. S. 1’ .71701)1, 1804. W. Garroway, 
ti. S. P. ,70011.7, 1807; aOst Clieni, Ztg. 1807, 21, 821; Mon. ,Sei. 1.S08, 52, 
107. 

4. p;. P. 7000, 101.7; alist. C. A. lOKi, 10, 2787; J. .S. C. [. lOKi, 35, 
.777. .See also W. Brookes, Pk P. 2107, 1,882. In the T. Banigan process 
H'. ,S. P. 177210.7; abst. C. A, 1020. 14, 1101) a mi.sture of pulveiizcd niter 
eake and smliiim nitrate is passed in a stream through a rotating Inbidar 
retort emit innonsly while snhjeetcd to a tumbling movement Near the dis- 
eharge end of the stream a higher temperature is maintained than near the 
inlet end of the apparatus. Nitrie aeid produeed is caused to flow in a direo- 
tiftii opiiosite to the travel of the stream. 

■). Chemiselie Produktenfabrik and G. .Sehuler, V. R. P. 2016.74; abst. 
C. A, 1917, 7, 7797; Chem. Zentr. 1917, 84, I, S27; Chem. Ztg. Rcii. 1917, 
37, 120; Wag. Jahr. 1917, 59, 1, 47.7; Zts. ang. Chem. 1017, 26, 477. Sec 
alsp J. Darling and H. P'orre.st, K. P. .7808, 1804. 

6. 15. P. 9,872, 1894. See also Norsk Ilydroelektrisk Kvacistof Ak- 
ticselskab,, 15. T. 8270, 191.7; abst. J. S. C. I. 191(1, 35, 468; Chem. Ind. 
Ann. Rep. 1916, 1, HO. 
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In order to obtain a residue .easily fusible at the temperature of 
reaction which may be utilized for the preparation of HCl, Chat- 
field employs a large excess of vitriol for decomposing the nitrate. 
C. Clae.ssen' briquettes the niter with a little vitriol and niter 
cake into cubes about an inch on a side. „ 

41. Hemingway- mixes niter, vitriol and water, heating the 
mixture tb 77° and gradually adding ferrous sulfate, ferric and ' 
sodium sulfates being obtained as by-products. Calcium nitrate 
produced from gypsum,’ lead nitrate,^ and manganic nitrate'* 
have been patented as basic material for the preparation of nitric 
acid by double decomposition with vitriol or in the case of man¬ 
ganese, with water. In the process of VV. Garroway,’ niter cake 
and niter are mixed in a retort and a spray of weak nitric acid 
is blown over the mixture by means of compressed air. The 
nitrogen 'oxides mixed with air and steam are regenerated into 
nitric acid by passing through towers and condensed. In the 
method as proposed by the Tentelew Chemical Works,^ com- 


1. K. P. 0102, 101.'); al)st. J S. C. I. lOl.'i, 34, 1(K)9; Chem. Iml. Aim. 
Rep. 1910, 1, <1.1, Mon. Sci. 19IS, 85, 17. D. R. P. 28779'); ahst. Chem. 
Zenlr. 1917, 88, I, 9.11; Chem. Ztg. Rep. 191.'), 39, 420; Zts. iuik. Chem. 191.'), 
28, .").81. 

2. V. .S. P. 781820, 190.'); ahst. Chem. Zts. P.M).*;, 4, 209; Chem. Ztg. 
190.5, 29, 22.'1 

.'j F Schmidt, 17 S. P. 928.>45, 1909. .See also Chem. Werkc vorm. 
H. Hyk, E. P. 20.400, 1908; al)st. J. S. C. I. 1909, 28, 982; C, A. 1910, 4, 7)00. 
D R. P. 20814.8; ahst. C. .A lOOt), 3, 2042; Mon. .Sci. 1912, 77, 82; 19i;i, 
79i, 0.5- Chem. Zentr. 1SMI9, 80, I, 12791 Chem. Ztg. Rep 1909, 33, 180; Chem. 
Zts. 190»), 8, No. 1898; Jahr. Chem. 1909. 62, 1, .aOo; 1910, 63, I, .580; Wag. 
Jahr 1909, 55, I, 424; Zts. ang. ChiVn. l‘.K)9, 22, 748; Zts. .Sehicss. Spreng. 



4(K)80.5; ahst. Mon. Sci, 1911, 75, 148. I). R. P. 27);i407. 

4. W. Mills, f. S. P. 7.5.5.878, 19(M; ahst. Chem. Ztg. 1904 , 28, 808; 
Mon. .Sci, 1904, 61, 12.5. .See A. Vogt ami C. Wiehmann, I), R. P. 0907)9; 
ahst Mon, .Sci. 1894, 44, ,5.5, 92.8; Her. lS9,'i, 26, 047; Chem. Centr. 1898, 
64, il, 508; Jahr. Chem. 1898, 46, 447; Wag. Jahr. 1,898, 39, 422; Zts. ang. 
Chem. 1898, 6, 8.58. K. Liebcr and I. Walz; Wag. Jahr. 1.809, 15, 182; 
187.5, 21, .881. 

5 C. Schlarb, F. P. 4227.51, 1910; ahst. C. A. 1912, 6 , 1908; Mcfti. 
Sci, 191.8, 79, 110; Chem. Ztg. Rep. 1911, 35, 8(K). 

0 E. P. 2400, 189.5; 4il)St. Chem. Ztg. 189t>, 20, .500; Mon. Sci. 1890, 
48, 24. E. P. 2489, 18%; 0777, 1899; ahst. J. S. C. I. 1900, 19, .840. .Sec also C. 
Votney. J.S. C. 1. 1901,20, .544, lUKI. 

" \l.. V. WWtvVi, \9VtV, 'Abs.t.. C C. t. \9V7, tilt. CheitwseKc 

WlcrVe votm. \t. WyV... ttety,. V. iV.ttSW, ttWKV, 'Awtss Y. Ahm, ttUYA. 'ttve. 
e Ae Ouutc amt tlaviA Si Co. tbetg. V. mV2t, t9\tb vtocess Accoimwsca 
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nv;rcial nitric acid is gradually added to a solution of zinc or 
nickel nitrate of such a concentration that it can be maintained 
at 126 “'170'’ or even higher. The pure acid is said* to imme¬ 
diately evaporate without decomposition, leaving the impurities 
(sulfuric acid and iron) in the .solution, and is^ondensed. 

Uebel Nitric Acid Process. C. UcW and the Chcmische 
I'abrik Rhenania' manufacture polysulfates as a substitute for 
sulfuric acid in the production of nitric acid from stxlium nitrate, 
the polysulfates being prepared by heating acid alkali sulfate 
when mixed together with sulfuric acid. Schulz'^ in 18CS showed 
that a compound of bisulfate with sulfuric acid of the hjrmula 
NaHS 04 .H 2 S 04 could be obtained by crystallization of sodium 
bisnlfate in an excess of sulfuric acid, but no practical application 
of the process was made at that time. Polysulfates.thus ob¬ 
tained are, according to the patentee, a useful substitute for strong 
sulfuric acid in the formation of concentrated HNO.i, in that a 
purer and more concentrated acid results, than where sulfuric 
acid alone is used. In the preparation of nitric acid by such 
polysulfates, there is formed a bisulfate which at the end of the 
ojieration may be withdrawn as a liquid, the residue being then 
re-converted into polysulfate by the addition of further amounts 
of .sulfuric acid. 

The apparatus, .shown in Fig. oA is so constructed, as indi¬ 
cated, that the decomposition of the niter is effected in two stages 
instead of one, the nitric acid ki concentrated fonn being dis¬ 
tilled from the mixture of nitrate and acid in the first .stage, after 
, which the proce.ss is completed by the distillation of a weaker 
acid in a separate retort, from the residue from the first distilla¬ 
tion. For this purpose one or more retorts are charged with a 
mixture of niter and polysulfate or sulfuric acid, heated until the 

lutlciuin nitrate by .sulfuric acid. G. Mas.son, Bclg. I’. 2(X)4(iO, l!X)7; 2().i72.'t. 
JW08. G. Glock. BcIk. I>. l4i)8.S2. UMW. J. Price, Bclg. P. 22.'):W5, 1911. 
I"'. Kayiiaiid fBcIg. P. 2.'>7.580, 191,'!) treats aluniiiiium nitrate with stijicr- 
heated steam and di.stiis ulT the nitric acid formed. 

1. K. P. 27240. 1898; abst. ]. S. C. I. 1899, M, 372. U. S. P. OT.WOO. 
D. R. P. 100962; abst. Mon. Sci. ISHX), SG, 117; Chem. Centr. 1900, 71, 1, 
036; Chem. Ztg. 1900, 24, 80; Jahr. Chem. 1900, 53, 239; Wag. Jahr. 1899. 
45, 407; Zts. ang. Chem. 1899, 12, 1138. K. P. 3305, 1901; abst. J. S. C. 1. 
1902, 21, 173. U. S. P. 681085; abst. Chem. Zts. llMr2, 1, 80; Mon. Sci. 
1(K)2, 53, 8. D. R. P. 127617; abst. Mon. Sci. I!X)2, 58, 1.S2; Chem. Centr. 
1902, 73, I, um, Chvm. Ztg. I<M2. 26, 73; C/iem. Zts. 1002, 1, 475; Jahr. 
Chem. 1902, 55, 3K3: Wag. Jahr. 1902. 46, I, 359. Can. P. 153528, 1914. 

2. Inaugural Pi.ssertation, Berlin, 1808. • 
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iiilfic acid has been expelled, when •the residue in the retort is 
transferred to another retort eontaining hot bisulfa'te and heated 
to a sufficiently hij^h temperature to expel the balance of the nitric 
acid. 

For economy in working, two retorts may be set above a 
third retort in branch flues from the furniice heating the third 
(lower) retort, which is jiroperly connected to the first two. The 
upper retorts are alternately charged and when the first stage in 
either is completed, the contents of that retort is run into the 
lower one by gravity, the hwer draw-off cock being so placed 
that the residual sulfate contained therein is never entirely with¬ 
drawn, thus always leaving a quantity of hot bisulfate in the 
retort for the next operation. 

More recently it has been found’ that only half of the charge 
of nitrate is added to a full charge of vitriol, and the mixture 
heated to a low' temperature (HO'’) so as to obtain an acid of 
highest concentration; the remainder of the charge of nitrate 
being then added and the temperature raised so as to completely 
distil off the nitric acid. The latter stage of the process may 
with ad\'anlage be conducted in two steps by first heating to 100° 
170° to distil off the concentrated acid, and then raising the tem¬ 
perature to 2.')0° or higher to remove the last portion of the acid. 

In the first [fliasc of the process the niter and vitriol are gradually 
ami simultaneonsly added, and controlled according to the progress 
of the action, the niter being al^) gradually introduced in the 
second stage of the operation. 

, P. Claes has also- described the manufacture of polysuffates 
from niter cake and vitriol as a commercial article, while (i. 
(dock' endeavors to prevent the formation of bisulfate by feeding ' 

1, C. I cIkI, C. S. P. IUI'I'H, HM.i IC. P. lySNI, UM.'i. D. K. P. 

ailST-I, 277IHIL’; alist. C. A. IDia. 7, ;i.'tnS; Cliem. Zentr. llil.S, 84, II, lift- 
l!)l 1, 85, II, .'Jila; Clicm. Ztg. Rep. IDI.I, 37, 412; 1914, 38, 479; Wag. Jahr. 
I9i;!, 59, 1, 4;i5; 1914. 60, I, Zls. ang. Chem. i9i;j, 26, 464; 1914, 27, 
.■)():■). P. P. 46I4.'2, 191,>; abst. C. A. 1914, 8 , 2464; Chem. Ztg. Rep. 1914 
38, 2.17, 1). K. P. 21()S(W; abst. Mon. Sei. 1912. 77, 99; Chem. Zentr. P.HHt 

80, n. I'W; Chem. Ztg. Rep. 1969, 33, :i;i9; Chem, Zts. 1910, 9, loba; Jahr. 
Chem. 1909, 62, .WO; Wag. Jahr. 1909, 55, I, 418; Zts, ang. Chem. 1909, 

22, 1468; Zts. .Schiess. .Sijreng. 1909, 4, 291. Il^g. P. 2.'59.')66, 191.3; Aust. 

P 6,6224, Swiss P. 67251; 191,3. Swed. P. 3874,5. 

2, Iv, P. 1072, I'MK); abst. Chem. Ztg. UHll, 25, 447. M. Hasen- 
eleiter (J. S. C. I. 1911, 30, 1293) has described in detail the Uebel apparatus, 
which treats 18W0 kg. niter per 24 hours. 

3, U. P. 18897. 1899. D. R. P. 1102,54; abst. Mon. vSei. 1900, 56, 
18,5; Chem. Cciitr. 1900, 71, II, 228; Chem. Ztg. 1900, 24, 310; Jahr. Chem. • 
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the H 2 SO 4 , preferably heateeV to 1()0°-13()°, to the niter while the 
latter is heated to 120°. Atmospheric air is forced through the 
apparatus at.the end of the process, only neutral sulfate remain¬ 
ing behind. Chemically the proposition does not appear feasible. 

The Valentiner Vacuum Process for Makftig Nitric Acid.' 
I'his system of.vacuuir. decomposition and distillation offers many ^ 
obvious advantages, in that decomposition of the strong acid is 
greatly minimized by distillation under the diminished prc.ssurc 
while the time of distillation is also reduced, and the acid obtained 
contains a smaller proportion of dissoKed oxides of nitrogen, and 
henci; is more nearly colorless. The ineonvenienee to the. work¬ 
men is not so pp])arent, for the leakage of fumes is much reduced, 
and a greater yiehl of purer and more concentrated nitric acid is 
claimed, r 

In the original smaller Valcntiner installation shown in Fig. 
.■)1 and the .subseciuent elaboration of the ])roecss as indicated in 
Figs. .■)() and (10, Uie goose-neck (outlet pipe) from the still is con¬ 
nected to a^small receiver, half filled with pumice stone or other 
absorbent not attacked by nitric acid and of a porous nature, 
so that any acid or solid spurting over mechanically from the still 
is retained. The \apors then next travel through two water- 
cooled condensers of stoneware coils arranged in scries, and from 
thence through two se])arate .sets of receivers. Here, by means 
of a three-w-ay tap, the acid may be collected in ;i large receiver 
either at the commencement ftr at the close of the distillation 
proce.ss, while Jhe more concentratefl (Hi'/),) nitric acid may 

be collected in separate receivers, frpm which any nncondensedi 
vapors will pa.ss into a reflux condenser comprizing an earthenware 
'coil immersed in cold water. The vapors next pass through eight 

I'.KKt, 53, 240; Wag. Jahr. l'J(K), 46, I, :««; Zts. ;iiig. Cliem. liMK), 13, :i7:i 
Aust. P. 420.5, HK)1. 

1. The Valcntiner patents are, t'. ,S. P. 020224. F P. (iltl, 1S02; 
I9I02, 189.5; 42.54. 1907; ahst. J. S. C. I. 1!K)7. 26, I0'.«). P. P. ;i74002; abst. 
Mon. .Sci. HK)8, 69, 8.5; Chem. Ztg. Rep. 1907, 31, 871. U. R. P. 08207, 
88.821, 1440.88; abst. Mon. Sei. 1890, 48, 108; 1902, 58, 21; Her. 1892, 25, 
878; Chem. Zts. 1902, 1, 14; Jahr. Chem. 1892, 45, 209.5; 1894, 47, 2297; 
Wag. Jahr. 1802, 38, 8.57; 1890, 42, 400; Zts. ang. Chem. 1892, 5, .520; 1890, 
9, 0.32. Aust, P. 80792. .Sbe also, Zts. ang. Chem. 1901, 14, 101, 413, 49.5, 
571, 058, 781. Fortieth Report British Alkali Works, 1908, 105; 1904, 157. 
Belg. P. 198121, 1907. 

2. The first Valcntiner patent is dated .Sept. 8, 1891. , G. Lunge had 
already called attention to the fact (Chem, Ztg. 1891, 15, 107 (Mar. 1.5)) 
that nitric acid may be distilled in vacuum. 
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receivers, alternately empty and partly filled with water, and 
then seven more receivers alternately empty and partly tilled 
with milk of lime to remove any traces of nitrous gas. The sys¬ 
tem ends by connection to a vacuum pump. The patentee 
claims* that by meajis of this process it is possibW to convert all 
dilute acid obtained by, any method and which, owing to its low 
degree of concentration is difficult to utilize. If, for instance, a 
mixture of 8(1(1 kilos IL.-SO,! with 121)0 kilos HNOj of sp. gr. 1.10 
is subjected to distillation in partial vacuum in the Valentiner 
process, the temperature need not rise above 100°, whereby the 
major portion of the water will be retained by the sulfuric acid 
while nitric acid of 0 t' f O.')'monohydrate will distil over and 
collect in the receivers. 

The passage between the retort and the condensing coil is 
restricted to half the diameter of that coil, the result being that 
the higher pressure maintained in the retort jjrevents the ten¬ 
dency to spurt of sodium nitrate through the sulfuric acid, and 
therefore tends to increase the speed of distillation, 'fhe con 
denser extends to the bottom of the first receiver so as to form a 
liquid seal for the pure nitric acid to be retained while the IICl 
and the nitrogen oxides pass on. 

•According to P. Hallwell,^ the cast iron retort is nearly round 
and holds about 17.')(l pounds of ^nitrate of soda per charge. It 
is surrounded by hot gases rather than being directly heated by 
a flame. The top of the rctorfthas openings for charging the 
nitrate, for the admission of air, for discharging the acid vapors, 
for intnKlucing the sulfuric acid and for the introduction of a 
thermometer. The goose-neck which carries away the acid 
vapors is 8 inches wide, the vapors being first led into a glass 
cylinder that they may be observed, and from thence into an 
earthenware bend connected with an earthenware worm of. 2 ‘,'2 
inches internal diameter. 

When the nitrate has been charged in, all necks are closed, 
the vacuum pump is started, and by opening a valve in the sul¬ 
furic acid connecting sysl^m, the vitriol is sucked into the retort. 
Much gas is disengaged at once, nitrosyl chloride being formed 
which travels no farther tlian the receivers behind the second 

1. P:. P. 18<.».5: al)st. Jahr. Cliem. 1897, 50, .Wi. * 

2. Chem. Ztg. 1895, 19, 118. 
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worm. Wlicn the vacuum indicate* .')00 mm. mercury, the fire 
is started, and the temperature rises to .S()°, which temperature 
is maintained during the first stage. The vacuum fluctuates 
between (i.j()'’--(i7() mm. llg, the temperature at the close of the 
process being driven to 120°-1.")!)”. When pjactically no more 
acid distils over the temperature is again taised to 170° 180° in 
‘order to increase the limpidity and fluidity of the niter cake so 
it will more quickly flow out of the retort. 

As the result of the comparatively low temperature, the 
decomposition of the nitric acid and the wear on the iron is ke))t 
at a minimum, while the yield is mostly strong acid, and n^'arly 
to theory in quantity. With undried niter and sulfuric acid of 
112° Tw. the yield is 0.').7/( on the theory, this comprizing .'kS'',' 
impure acid of 21'/• 2 ° Tw. and the balance up to of the 

theory comprizing 7X%. nitric acid. With undried nitrate and 
1(10° Tw. vitriol, the yield is 90' < HNO.i of SIO; and O.Sf,' as 
dilute nitric acid. 

According to Ilallwcll, a charge requires but 7- S hours to nin 
off, .so that two charges may easily be run in 21 hours, the fuel 
consumption being S O parts of coal for firing, and (1 7 parts for 
the vacuum, or a total of 11-10 parts to 100 of niter, as against 
22 2.') parts in the older proccs,scs. There is no steam or com¬ 
pressed air required for refining. 

'flic temperature of the first receiver is but 2.7° 40°, the rear 
receivers being cold, 'fhe receivjirs are made extra heavy and 
practically globular to guard against their collapse from atmo¬ 
spheric pressure when the vacuum is applied. Any crack in the 
pipes is remedied by the application of a cement compo.sed of 
a.sbe.stos and silicate of soda. When undue frothing is noted, it’ 
is remedied by opening the air-valve. 

The total ground dimensions of the apparatus is 40 by 17 
feet, the width of the conden.sing portion only o feet. The action 
of the escaping acid gases must be prevented from coming in 
contact with the air pump by charging the receiver with milk of 
lime as above de.scribed. S. Dreyfus* has patented a new means 
for packing the pistons of nitric acid vacuum pumps. 

K. Francke4 has also communicated observations on the 
’ 1. K. 1>. Ii)2ri27, I'.lKi; alist. J. S. C. I. I0I7, 36, 201. 

2. Chem. ZtK. 1807, 21, all; ab.st. J. S. C. I. 1800, 18, 402; Chora. 
Ceiitr. 1897, 68, II, 438; 1809, 70, I, 97)2; II, 075. 
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Valentiner process, in whicH" it appears that foreacli ton of inter 
decomposed there is required about S7 cii. ft. condensing space. 
It is also important that the retorts should be entirely surrounded 
by the fire and that their upper parts and the branch pipe should 
be protected by ..cid-proof lining. Where th? condensing area 
is sufficient and the tooling efficient, the niter cake is free from 
nitrogen compounds, and the first receiver which is filled with 
water is only changed once after several operations. Theoretically 
HHIO k. niter with 2'water should yield k. UNO.i 

sp. gr. 1.4S(i (.Si).:!'/,' UNO;)), while from KKIO k. DO',, niter pre¬ 
viously dried, 771..') k. nitric acid sp. gr. 1.4i)7 (92.2'/, HNO:,) is 
obtainable, and in practical working, the yield actually obtained 
is but little less. With concentrated acid, howe\'cr, there is liable 
to be considerable frothing due to the jiroduction of N().j, because 
it reejuires some time for the acid to thoroughly permeate the niter; 
this, however, may be avoided by employing more \’itriol, or by 
intrcxlucing liquid nitric acid into the retort. 

Bergnv'im has also favorably reported on this process,' but 
finds it necessary to retain the nitrosyl chloride by pa,ssing through 
milk of lime as described in ort)er to properly protect the vacuum 
pumps. According to his figures, each I (i tons of nitrate decom¬ 
posed required .') tons of coal for fuel. 

Inoue- prefers this process to that of Cluttmann, both from 
financial and sanitary viewpoint. He finds that when the retort 
is well cooled, at a teinperatufb of l.'iO”, a .smaller yield of nitric 
acid is obtained at the commencement of the process, but of high 
concentration (!)S.2'^'y'), and at l.S(l°, a concentration of 97.9.")';( 
is obtainable. 

The vacuum process of C. Dreyfus’ is similar. In order to 
obtain a practically theoretical yield of nitric acid from niter 
certain conditions of temperature are employed, which will, en¬ 
able substantially the whole of the nitric acid to be obtained, 

. but will hold back the impurities from contamination with the 
acid. The method of C. Volz'* is a vacuum process for nitric acid 

1, Zts, ang. Chem. 1899, 12, 100.'i; abst. J. S. C. I. 1899, 18, 1122; 
Jahr. Chem. 1899, 52, 470. 

2. Chem. Ztg. Rep. 1914, 38, .'!99. 

,3. K. P. i:i82<i, 189.7; abst. Jahr. Chem. 1897, 50, .sO:). 

4. 1,'. .S. P. .TOOTS.!, rgKlTSl), 189:!. 1>, R. P. (i;!207; jbst. Moil. Sci. 
1890, 48, 108; 1902. 58, 24; Ber. 1892, 25, 878; Chem. Zts. 11)02, 1, 14; Jahr. 

• V Chem. 1892, 45, 2C9.T; 1894, 47, 2297; Wag, Jahr. 1892, 38, ;i57; Zts. aiig. 
Chem. 1892, 5, .''>20. 
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manufacture, and is similar to that’of Valentiner. 

F. de Jahii decomposes niter with sulfuric acid under di¬ 
minished pressure at lower temperatures,' by constantly agitating 
and avoiding fusion of the bisulfate fomed. The temperature 
is to be kept below 3X4° F. • 

Hough Nitric Acid System.-- In the United .States and Canada 
during the war so recently ended, a number of plants have been 
installed for the manufacture of nitric acid according to princi¬ 
ples designed by A. Hough, which present many novel and in¬ 
teresting features. The plant, which is shown in Figs, (il and 02, 
consists of a cast iron still provided with an agitator, suitelile 
stulFing box, cast iron .shaft, driving gears, and the necessary 
arrangements for filling the still with niter and vitriol and the re¬ 
moval of the niter cake." • 

A condensing system is provided of ample cooling surface 
and sufTicient length of cooling members to ensure the complete 
liquefaction of the nitric acid vapors, the terminal of this system 
being connected with a sulfuric acid-containing scruljfccr, which 
in turn is connected with a Nash vacuum pump (sec Fig. ftl), 
the piston of which consists of sulfuric acid. The heat generated 
by the action of the vacuum pump is absorbed in a cooling de¬ 
vice, the sulfuric acid constituting the piston of the pump auto¬ 
matically, circulating through a Jank provided with a cooling 
coil, lly this means the pump is maintained at substantially 
constant temperature. * 

Tn the operation of the unit, the agitator in the still is started, 
and the niter charge introduced through the opening F, after 
which the cover is closed. .4n amount of sulfuric acid of the 
desired strength is measured out in the .scrubber tank .S'—this con- 
.stituting the acid charge of the still- the acid being dropped into 
the tank IF through the pipe V. The cock on U is now closed, 
and a second charge of vitriol run into 5. 

The pump Y is now provided with about 4(K)(I lb. II^SO^ 

• 1. It. S. 1>. I02.ii;i.'i, lOA'il.'iS. I). K. I>. 2.5ii7I. Alist. C. A. 1012, 
6, 1(1(12,■ lOlli, 7, 224. 87.1; Clieiii. Zentr. 1012, 83, Jl, 1707; Clieni. Ztg. Rep. 
1012, 36, .'100, (1(1.3, Wag. Jahr. 1012, 58, I, 421; Zts. ang. Chem. 1012, 25, 
2377; Zts. Sehies.s. Spreng. 1012, 7, 4,54; Mon. ,Sei. 1012, 77, 1,32. S<‘c also 
F. (If Jahii, U. vS. r. 1141948, 114330(5, 1 l,'il.'5.37. 11,'>9,3(14, n.'iSmi; .abst, 
J.S. C. 1.1915,34,709, 833, 1249; Cliem. Ztg. Rep. 1010, 40, 41.3, 429; 1017, 
41, 171. 

2. U. .S. P. 1312118, 1320207, 1018. 
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(of alioiit f)4% nioiiohydrato), by rntroducing the acid into the 
tank A', wliicli is fitted with a cooling coil, the pump l^ing then 
started. As the cacnuni develops in the system, the sulfuric 
is drawn from IF by means of the pipe P, into the still A, being 
distributed over the surface of the niter by means of the annular 
trough C. At this period a large C|uantity of strong nitric acid 
will be generated and condensed, flowing through the hydrometer 
arrangement, and ultimately into the receivers, /\'i and R«, the 
latter being equipped wdth gauge glasses, by means of which 
the quantity of nitric acid is continually under observation. 



Fio. li.'!.—T hu NASit Vacuum Acid Pump 


The drawings show the nitric acid plant as equipped with a. 
bleacher, and the necessary cooling system to condense and cool 
the acid before it enters the receivers. This bleacher is only 
nece.ssary when the nitric acid is required practically free from 
chlorine and nitrogen oxides, the acid made without the bleacher, 
seldom carr) ing over 0.1'j lower nitrogen oxides. 

• It will be apparent, therefore, that the distillation commences 
with a small amount of sulfuric acid in Mie still, which amount 
increases as distillation progresses. I'his results in a uniform 
cul^'e of distillation, and the mass in the still maintains a homo¬ 
geneous conefition, induced by the continual agitation. The in¬ 
troduction of the charge of sulfuric acid to the still requires about 


8:?2 'rBciiNoi,oGY OK ci;i,i,ui,osK, ijstrrs ' 

an hour, during which time from half to two-thirds of the distillate 
has passed over, leaving the balance to distill in about two hours 
additional, the total distillation run being, therefore, not to ex¬ 
ceed .'i hours operating normally. 

The niter chaige is 5000 lb. to 51 (M) lb. Sulfuric acid, the 
lf)tal blend of nitric aeid obtained averaging UNOj. When 
tlie sp. gr. of the distillate falls too low, the coeks eommunicating 
with the receivers Ri and are closed, and the weak nitric acid 
by-passed into a suitable container. At this point the tempera¬ 
ture of the still is raised to increase the fluidity of the niter cake 
before discharging. 

.\fter the latter has been run off, the still is again charged 
with niter. The .sulfuric acid in the scrubber S is dropped into 
It', and a fresh lot of sulfuric acid put in the scrubber, the Nash 
))ump being then started. A slightly different condition now 
exists, as the sulfuric acid from the scrubber contains about .‘i% 
IINOii obtained by absorption from the previous run. This 
goes into tlvf still as so much sulfuric acid, and assists in the case 
of reaction, it beitig well known that a small amount of nitric- 
acid admixed with the sulfuric, is desirable. The capacity of 
the condenser and scrubber is so adjusted that substantially the 
entire amount of nitric acid generated is recovered, there being 
no issuance of nitric vapors from the Nash pump. 

This new type of vacunm nitric system eliminates the major 
])ortion of the troubles and expensive up-kee]) of many of the 
systems heretofore proposed, especially those which included 
the old-fashioned reciprocating pump with bronze cylinder 
linings and lignum vitae pistons. The troublesome absorption 
pots are also dispensed with, as it is immaterial if a little nitric 
acid gets through to the pump, for it is instantly absorbed by 
the sulfuric acid acting as the piston, and so, in the coursc^of time, 
this acid is used in the still, and therefore is ultimately utilized. 

Ivvery portion of the sy.stem subjected to contact with acid 
vapor is made of high silicon metal, no earthenware being used, 
while the hydrometers ,and glass parts are of Pyrex. Deprecia¬ 
tion of the metal in the Nash pump is said to te exceedingly 
slight, as the gases are dry from the sulfuric acid dehydration. 

When the bleacher is employed in the system, the spray 
raetlKKl of cooling the condenser piix*s i.s employed, as the hottest 
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portion of the condenser is at tlie bottom. When operating 
without the bleacher, the condenser is cooled by introjlucing the 
water at the bottom of the housing, where it zig-zags upwards 
between the wood diaphragms, the hottest part of the condenser 
being at the top. • 

The claims made for this .system’by the manufacturers 
(Buffalo Foundry & Machine Co.) arc: 

1. Output capacity is much greater than any other system 
hitherto suggested, becau.se eight charges may normally lie run 
off per 21 -hour day. 

2. Output of nitric acid per capital investment is greater 
than with other .systems. 

3. Nitric acid obtained is of higher a\'erage IINO 3 content, 
and is of a greater degree of purity, the actual net yielci of nitric 
acid being also higher. 

‘1. Plant depreciation is unusually low, owing to the low 
temperature required to effect distillation, by virtue of the high 
vacuum employed in the nitric still. 

5. Frothing in the still does not occur, this being prevented 
by agitation of the charge, the method of introducing the vitriol, 
and the fact that a third of the nitric has passed over by the time 
all .sulfuric has been introduced. 

In the above prix-ess, particular attention is directed to the 
fact that the nitric vapors enter the base of the bleacher I, then 
upwards into the condenser /, tht'liot vapors meeting the refluxing 
nitric, which trickles down through the }K'rforatcd plates in the 
• bleacher, and deprives the condensed nitric of chlorine and the 
lower nitrogen oxides, by means of the low solubility in hot nitric 
acid. 

The bleached hot nitric runs through the coolers L, thence 
through the hydrometer equipment M, the temperature hnd 
gravity of the acid being at all times observable by means of the 
hydrometer and thermometer shown at N. The vacuum pump 
is connected with the scrubber by means of the pipe 0 , while the 
pipe T communicates with the .source of sulfuric acid supply, 
all as shown in the drawing herein. 

• An important part of this plant, is the Hough condenser 
for the nitrib acid, which consists of a set of high silicon, metal 
S-pipcs fitted into a housing of cast iron, having diaphragms of • 
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heat nun-coiuhictitig inaleriitl placed between .the eondeiisin;; 
pipes so as to ensure a zig-zag [low of the cooling water around 
the pipes, in.true countercurrent principle. 

In ordinary practice, the nitric vapors enter at the top of 
the condenser, and condense as they pass thrtnigh the pijies, 
the cooling water entering the l)ottotti of the housing, passing 
upw'ards, following the line of the pipes, and passing at alternate 
ends of the housing through the ports provided at each end of 
the wooden diaphragm. 

The condenser pipes tire oval where they are innnersed in 
the OK'ling water, hut round where they project through the 
housing. This shajie of ])ipe gives maximum condensing effect, 
and renders the mounting very simple and efheient from a me¬ 
chanical .viewpoint. The bell joints !> are caulked with lead 
wool to a solid mass. The water joints between the pipes and 
the hon.sing are packed with oakum or similar material. This 
type of condensei; is slightly modified where it is to be used on 
the water i-^nray system, and when only muddy water is avail¬ 
able, the sides of the housing being made readily removable, to 
expose the pipes for cleaning jnirposes. 

The Griesheim Nitric Acid Plant.* This system has been 
used extensivelv in ('lermany and with satisfactory results, both 
as to yields and quality of nitric acid produced, and low upkeep. 
The general arrangement of a tvpical Greisheini plant is indi¬ 
cated in Fig. (il, in which thc».nitric acid, distilling out of the 
usual retort .1 passes first into a tourelle li for intercepting niter 
during possible foaming, then into an earthenware condenser K 
immersed in cold water or in brine. ITicondensed vapors pass 
from K into (' D through F, and finally into the usual tower ff, 
where the vapors meet a fine stream of water passing over coke, 
broken tirick or other refractory material. 

At the commencement of the process a concentrated acid 
distils over contaminated with HCl, nitrosyl chloride and other 
chlorine-containing bodies, the next fraction being the main por¬ 
tion of the distillate, but tinged with nitrogen oxides. A blast 

1. Chomisclie Ivibrik ('■ric.slK’iiii Itlektron, I). K. I’. 170.yt2; ahst. 
Mon. Sci. 19(17. $7, D.'i; [(cIk. I’. 1X7.792. I9II.7; Iv, I', X91, l!KII; MinXli, IIKI.'); 
alwt. J. S, C. I. iniH'i, 25, (191). J. I.ang, I', S I’. l77.'17o. 1X92. Clicni. Ceiitr. 
lllOti, 77, II, I.H.'); Chem. Ztg. 190(1, JO, .7(12; Cliciii. Zts. I91'7, 6, 19; Jalir. 
Chem. I90.7-I'.N)X, I, 179.'!; Wag. Jalir, 190(1, 52, I, 447), Zls. ang. Chem. 1907, 
20, 972; Zts. Schie.ss. Spreng. 1900, 1, IXO. 



Fig, 04.—The Griesheim Plant for Nitric Acid Manufactvre 
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of hot air may be introducecl at K into the rcceh'er B to remove 
this color, which also tends to remove the volatile chlorine com¬ 
pounds. B\' adjustment of the temperature of the water in the 
condenser E, it is possible within rather narrow limits to regulate 
the quality and pifrity of nitric acid passing throiigh. 

Fig. ()4 shows a ‘“Griesheim” condensing system, much used, 
in Germany. Here the nitric acid, distilling out of retort A, 
passes first into B and then into an earthenware condensing coil 
E, standing in cold water. The vapors then pass through the 
pipe E, through a scries of earthenware receiv'ers, and then into 
the plate column condensing tower 

First of all, at the lowest temperature the strongest acid 
distils over, contaminated, however, by HCl, NibCl, and similar 
chlorine-containing volatile compounds. Next, there distils over 
the main quantity of strong acid, fairly pure, but contaminated 
with red nitrous fumes. I'o oxidize these a stream of hot air is 
blown in at K. 

In some forms of apparatus (e. g., Oscar Guttmann's) the 
oxidation is automatically effected by causing the gases coming 
from the still to pass into an enjargement in the pipe, where they 
pnxluce an injector action and suck in a quantity of air through 
perforations in the socket pipe, thus causing oxidation of the 
nitrous to nitric acid. 

The air not only purifies the condensed nitric acid from 
nitrous acid, but also frees it 'irom volatile chlorine compounds, 
such as N()-.C1. By regulating the temperature of the water in 
which the cooling coil E (Fig. (il) is immersed, the quality ofi 
the acid collecting in B can also be regulated to some extent, and 
the acid can be withdrawn in successive fractions as it comes over 
into the receiver C. In the tower G (Fig. «4) all the nitrous fumes 
finally escaping condensation arc absorbed by the down-streaming 
water, so as to form a dilute nitric acid of l..'r)-1.4() sp. gr. The 
water enters at H. 

Condensation of Nitric Acid. While the condensation of 
nitric acid is merely a cpoling process, it is preferably so regulated 
and manipulated that the stronger and weaker acids which distil 
over at different stages of the process, are collected separately. 
For many years only air cooling was employed, which has a much 
decreased efficiency as compared to the methods of water cooling 
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now universally used. The latter <s also much less expensive. 

The older nitric acid condensing sy.steins comprized a number 
of earthenware receivers which were, in reality, large Woulff 
bottles, and these were arranged in series of twenty or more, 
according to the capacity of the retort and tlic spewed of distilla- 
^tion. H. Goebel’ appears to have been the first to propose the 
cooling of nitric acid vapors by means of water, employing for 
this purpose a long glass tube placed in a trough. A. Trobridge’ 
protects earthenware pipes used in the manufacture of nitric acid 
from breaking with cold water by surrounding the earthenware 
pipe with a pipe of lead. W. Ostwald’ uses nickel steel pipes, 
but nickel resists nitrogen oxides only in the gaseous form. I). 
Donnachie'' uses a nitric acid condenser comprizing sets of per¬ 
pendicular pipes, water-cooled, while W. Hof“ makes use of in¬ 
clined tubes of (juartz glass or zirconium glass. M. Leblanc® 
passes the vapors through tubes cooled both inside and outside 
by means of concentric pipes, the apparatus of A. Hough^ being 
similar. ^ 

The nitric acid condenser of F. Moore and J. Hall* comprizes 
a number of cooled tubes between which the vapors, entering by 
a pipe, pass upwards in such a manner that the resulting liquid, 
flowing downwards, is heated by the tipflowing vapor, thus obviat¬ 
ing the absorption of nitrogen oxiiles. Further intimate contact 

1, DiiiKl. Poly. 1870, 220, 211; uhst. CTiem, Tech. Rep. 1870, 15, 1, 

4();i; Jahr. Chem. 1870, 29, 1000. , 

2. I!. P. 2rAX^, 1000; J. S. C. I. 1007, 26, 1278. A. Cocking (B. P. 
I;i00:i8, 1018; abst. C. A. 1020, 14, 210) treats dilute nitric acid with am¬ 
monia, and the solution of ammonium nitrate evaporated to crystalliza- 

*tion. which arc then heated with an excess of strong sulfuric acid under 
reduced pressure to obtain concentrated nitric acid and NILHlsO). The 
re.sidue is treated with ammonia to obtain neutral ammonium sulfate. Cf.- 
li. P. 125-144, 12!Ki05; abst. C. A. 1910,13, 2258, 2978. 

8. 1). R. P. 2071.54; abst. Chem. 7-entr. 1909, 80, I, 1127; Chem. Ztg. 
Rep. 1009, 33, 145; Jahr. Chem. 1009, 62, 581; Wag. Jahr. 1909, 55, I, 415; 
Zts. ang. Chem. 1909, 22, 045; Zts. Schiess. Sjneng. 1909, 4, 108. 

4. Chem. Tratlc J. 1904, 35, .880; abst. J. S. C. 1. 1904, 23, 9811. 

.5. 11. K. P. 1099.808. D. R. P. 279121; abst. C. A. 1914, 8 . .8101; 
Mon. 8ci. 1914, 81, 188. K. P. 408208, 191.8; abst. J. S. C. I. 1914, 33, 421. 
I>;,P. 21291, 1918; abst. J. S. C. 1. 1914, 33, 040. 

0. P'. P. 402712; abst. Chem. Ztg. Rep. 1914, 38, 419. Sec B. I. 
Du Pont dc Nemours Co., K. P. 13.5,5,85. 1919* 1). S. P. 1292948, 1919. 
Abst. J. .S. C. 1. 1919, 38, 2!k)-A; 1920, 39, 04-A. 

7. li. P. 101807, 1910; abst. C. A. 1917, U, 88; J. S. C. I. 1910, 35, 

1108. 

8. E. P.«8892, 1910; abst. C. A. 1912, 6, 1.5(Ki; J. S. C. I. 1911, 30, 
1117; Chem. Ztg. Rep. 1912, 36, 287. Hall, E. P. Appl. 14.58.S, 1915; abst. 
J. S. C. T. 1916, 35, 04. 
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of the vapor with the hot vapors is efTectcd in a. chamber formed 
of perforated partitions and i)aeked with broken pntnice. In 
another process,' the weak nitric acid first distilling liy itself is 
collected, and is added to the next charge of nitrate and vitriol. 
The process of A. Charles and h'. Lancaster- is iflialogons. 

Bcrl and limes'’ employ tctraeders of aluminium wire gauze 
as fillers for ab.sorption towers. I'or the absorption of alkaline 
liquids in order to produce nitrites, iron wire is usefl. In the 
absorption of nitrous gases in water for the production of nitric 
acid according to the process of I'. Haeusscr,' there is interposed 
between each absorption chamber small \essels arranged one upon 
the other for oxidizing. I. Moscicki’’ constructs an absorption 
chamber shaped as a right angle with several periiendicular, sieve- 
holed diaphragms, in which the small compartments thus formed 
are filled with pieces of glass or quartz, the gas passing horizoutallv 
through the diaphragm perforations while the compartments are 
systematically rinsed with compressed air in order to produce an 
acid of high concentration. In securing a quiet and nnifonn dis¬ 
tillation in nitric acid manufacture,'’ the nitrate before charging 
into the retorts is pressed into cubes with vitriol and bisulfatc 
from a previous operation. The complicated acid-collecting ap¬ 
paratus of E. Keller," combines a plurality of towers, the absorb¬ 
ing arrangement being substantially automatic. The W. Bate 
and F. Orme condenser” comprizes an earthenware stack arranged 
vertically in a wooden frame, the pijies being connected to each 
other in pairs at the top by means of bends. Open topped water 
jackets surround the |)ipes, an unusunllv large condensing surface 
being obtained. In this respect the condensing unit of I'. Xathan 

1. J. White, O. S. P. (i4S:!22; abst. Cliein. Ztg. lilOO, 24, -Ig."., See 
also D. Plisson. li. P. SIKS, 18.')4. 

2. K. P. I(I72.V), P.IKi; abst. J. S. C. I. P.»I7, 36, !Hi2. 

.'i. In this connection see H. Weiilin and R. Kemniev, Iv. It I0H2. 

IRH,S; abst. Mon, Sei. I1«W, 69, 10.'). 

4. K. P. 74l!(. I'.H t; abst. J. S. C. I. PH.a. 34, ««); K. P. 4<1!II14!I, PH I; 
abst. J. S. C. I. P.H.a, 34, 

V. s. P. I()4(j2l2, 109787(1; al.st. C. A. Plb). 7, .•)().'!; 1914, 8, 2.">()9; 
Chcin. Ztg. Kep. Ibid, 37, 100. 

f). C. Clae.ssen, U. If, P. 28770.). 1914; ab.st. C, A. HIKl. 10, ‘2020; 
Chem. Zeiitr. 1917,88,1,041; Chem. '/Ag. itep. 191.4, 39, 4211; Zts ang. 
Chem. 191 o, 28, .481. 

7. U. .S. P. 1247280, 1917; abst. J. S. C, I. 1918, 37, .4(i-A, 

8. E. P, 2.47‘XI, 1902; abst. J. S. C, I. 1904, 22, 212. J.X'.rahani, E. P. 

00.41, 1!«I2; J. S. C. I. 1904, 22, 907. 
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anti J. and W. Thomson’ is quit^ similar. Aluminium^ and 
cobalt-nickel alloy containin){ 4% of silver” have been advocated 
for cooling, condensing and transportation of nitric acid. 

L. Rohmiann and H. Niedenfiihr' prepare nitric acid as shown 
in Fig. ()■) by distillation in a retort k, and the gases evolved arc 



Kio. li.5 ,—Thk NieoKni'ciir Nitric .Acid Plant 


passed through a condenser b, whereby the nitric acid is absorbed. 
,The uiiabsorbed nitrous fumes are withdrawn by a fan, ventilator, 
or the like, a, between which and the condenser is an inlet c for 
additional air for oxidizing the fumes. A small amount of air 
may be also introduced at the usual place, namely at d. The 
mixed gases then pass to further condensing plant or “tail-ap¬ 
paratus” e,f, wherein further quantities of nitric acid are absorbed. 
'I'his tail-apparatus may consist of two absorbing or plate col- 
ujnns such as c, in the first of which a concentrated solution of 

nitric acid is obtained by charging the column with a limited 

• 

1. F. P. 40()80f), 190!); abst. Clicm. Ztg. Kcp. 1910, 34, 151. 

2. Norsk. Hydro-Iilcktrisk Kvaelstofaktiesi'lskab, F. P. 451812; abst. 
Mftn. .Sci. 1914, U, 7. Can. P. 176020. 

3. (IcbrUdcr Uorcbers, Chcni. Ztg. Rep. lS)i;i. 37, 87. 

4. li. P. 29740, 1897; 4:i.5.'l, 1905; abst. J, S. C. 1. 1905, 24, 1012. See 
also H. Niedenfiibr, U. S. P. 798205, liKI5; Belg. P. 1,82080, 1!H)5. 
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quantity of liquid, and in the second a dilute solqtion is obtained 
by charging the column with an excess of liquid so as to absorb 
all the ga'ies possible. The dilute acid from the second column 
is used as the absorbent in the first column. A damper or the 
like, h', can be plaqed after the last part of the toil-apparatus so 
as to regidate the pressure and the speed of the gases. 

The J. SkOglund nitric acid condenser,' is employed in 
many factories in the United States, being at the present time 
built of duriron or other high silica iron, and is shown in h'ig. (iC. 
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The apparatus has also been described in detail by A. Otto- and 
by E. Wolff." Ry means of this apparatus pure nitric acid is 
obtained in a single operation, which reciuires little or no special 
treatment in order to remove the lower nitrogen oxides, con¬ 
taining O.O.V/f;O.l.V/V N 20 :i, and the strength is seldom under 
il49(' . The “bleacliing” and the removal of the nitrogen oxides 

1, U. S, P. .5i)10«7, 1S<I7; «m()2; F. P. 27102.7; alist. Mon. Sci. 

4S, 747. 1). R. P. 104.457, 10.t704; Bels'. P. 1.4111.4, 1807; Swiss P. 8244.5,1004. 
Mon. .Sci, 1000, 56, 14; al.st. Clicin. Centr. 1890, 70, II, 8(H); 10(H), 71, I, 
70; Chem. Ztg. 1809, 23, 77.4, 10.40; lahr. Clicm. 1800, 52, 471; Wag. Jah'. 
1890, 45, 400; Zts. ang. Chem. 1890, 12, 007, 100.4. 

2. Zts. Schiess. .Siireng. 19(H), 1, ,425. 

.4. Zts. Schiess. Sl)reng, 1000,1, 474. 
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is fffecled by the nitric acid itself*and there is but little weak 
acid results, for the weak acid as fast as it is formed in tl^ process, 
at once goes back into it. The apparatus comprizes the retort 
A, reaction column B, two columns C, C similar to B, and cooling 
worm E. Where a charge of 1500 kilos of niter is used the retort 
„ is 11.7 ft. long by 5.5 ft. in width, and weighs about 7 tons. One 
of the ends is closed at the bottom by a cast iron block luted with 
a .sal ammoniac and iron fdings cement, the end being provided 
with a discharging hole for the bi.sulfatc. 

The nitric acid vapors generated in A, rise through B and the 
worm E, which is cooled by flowing water from the outside. The 
acid condensing flows back into B, while the hot vapors meeting 
it here carry away all nitrogen oxides and chlorine. Wlien flow¬ 
ing out of B, pas.ses through a lead pipe slightly inclined towards 
the tower, and thus alw'ays remaining luted with acid, to prevent 
the escape of vajxirs. The pipe is in the lead box F, which re¬ 
ceives the water from the coil E, and the acid from here runs into 
the receiver I). The acid vapors not condensed in E, ure retained 
in the towers C, (A The first one is fed with 94% sulfuric acid, 
and as it flows out is pumped back into the second tower C. Only 
a slight feed of such acid is required to keep back the nitrogen 
oxide vapors, and this acid nms out of the bottom, about 200 k. 
per charge of about 25%, ilNOj, ijiclu.sive of S%,-10'/^ NaOj. 

O. Guttmann* has submitted figures indicating that the results 
of the vSkoglund process are inferior to that obtained with his own 
apparatus. In the Guttmann condensing system^ as shown in 
•Fig. 07, the principle is illustrated of building the cxindenser 
entirely of perpendicular pipes so adjusted that the fumes travel, 
upwards and downwards, the acid being nin off at the bottom 
into a common reservoir by means of hydraulically sealed branch 
pipes. These pipes are S ft. long with walls but '/s inch thick. 
The gases enter the first of the pipes at E, alternately ascending 
and descending to the issue at F, depositing on their way the 
edndensed liquid which trickles down to the receptacle D. The 
condensing pipes are connected by arran^^ing their upper bends 
so as to alternately connect pipes of one row with those of the 
other. As the employment in this manner of long condensing 
f. Zts. Schicss. SprciiK. 1!M)6,1, 470. 

2. !■:. P, 8015, 1800; 14774, 1800. J. Uovcil, E. P. 18137, 1800, 
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pij^s*presents an extended surface for condensation, it is evident 
tliat distillation may be carried on rapidly, the space normally 
occupied with numerous receiving vessels being thereby dispensed 
with. He has improved his system in many ways, as by the use 
of a compressed air injector immediately beljind the exit tube of 
tile stilt, where all of the uncondensed vapors an';' cooling 
with water instead of air;^ arranging for condensing nitric acid 
at a comparatively high temperature, thus decreasing the liability 
of absorbing gases.® 

W. Bate and F. Ornie' have improved the Outtmann ap¬ 
paratus in the following particulars: (a) To insure more uni¬ 
form circulation of the condensing water; (b) to enable a broken 
pipe to be replaced without interfering with the process; (c) and 
to avoid reducing the strength of the acid when a pipe cracks 
or leaks while the charge is being worked.’' An important point 
in connection with this system is the treatment of the vapors from 
the still with an air blast to oxidize the lower nitrogen oxides.'' 

In the method of Fk Du Pont dc Nemours Co.^ concentrated 
nitric acid is produced from mixtures of nitric and sulfuric acids, 
such as the waste acids obtained in the nitration of cellulose, 
containing HNO,-i by volume, and not less than {)\% 

H 2 VSO 4 , by distributing the acid mixture uniformly over pieces of 

1. O. Guttnianii, D. R. P. 7,'?421, 1(10700; abst. Bor. 1892, 27, 429; 
Chem. Coiitr. lOO,'), 78, II, 89; Chem. Ztg.*I90,=>, 2$, I7i:i; Clicm. Zts. 1902, 
1, 14; 1900, 5, .SO; Wag. Jalir. 1894, 40, 49;i. 

2. O. Outtmann, E. P. 18189, 1897. 

.'i, O. Outtmann, E. P. i;«i94, 1901; ab.st. J. S. C. 1. 1901, 20, 987, 

4. E. P. 2.5790, 1902; abst. J. S. C. I. lOO.'), 22, 212. 

■). Badi.schc Anilin u. Soda Eabrik, D. R. P. 2;i.'{729; abst. J. S. C. I. 
1911, 30, 747; Chem. Zentr. 1911, 82, 1.188; Chem. Ztg. Rep. 1911, 35, 271; 
Wag. Jahr. 1911, 57, I, 400; Zts. ang. Chem. 1911, 24, 949; Zts. Sehiess. 
Spreng. 1911, 6, 2,'i2, .See also Outtmann, Chem. Trade J. lOla, M, 111 1. 

0. O. Outtmann, U. S. P. 491481, 189;i; 771029, 1904; abst. Chem 
Zts. 1904, 3, 811. .See also W. Round, E. P. 9182, 190;i; abst. J. S. C. I. 
HM>1, 23, 870. The J. Walter and C. I,chmanii nitric acid generator is de¬ 
scribed in E. P. 20290, 1890; abst. Mon. ,Sci. 1898, 52, 170. O. Outtmann 
and L. Rohrmann, E. P. 22481, 1891. For the Horcher acid-resisting coni- 
position containing Cr, Mo and W oxides, sec Belg. P. 2.59290, 19i;i, See 
Brante & Co., Swiss P. 8,518, 1894. IC. Brauer, Belg, P. 220490, ItllO. J. 
Boot, Belg. P. KiOlOO, 1898. F. Nathan, J. and*W. Thomson, Belg. P. 
218933, 1909. Nor.sk. Hydro-EIcktrisk Kvalstofakticselskah, Port. P. 8400. 
8467, 8468, 8.540; abst. Chem. Ztg. 1913, 37, 44, 802. Norw. P 22894- 
abst. Chem. Ztg. 1913, 37, 241. U. S. P. 1:1242,5.5, 1919; abst. J. S. C. I. 
1920, 39, 108-A. F. Raschig, Belg. P. 257558, 1913, 

4, E. P. 13.55.35, 1920. C. Rossi, Itat. P, 382, ,59,’12-1140; abst. Chem. 
Ztg. 1913, 37, 200. 
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(]uartz or other suitable material, of 2"-4" diameter, in a tower 
at the iower end of whieh steam or a hot gas is admitted, the 
temperature of the vapors leaving the upper end of the tower 
being kept below 21.')'’ 1'., and preferably liclow 2(15'’ 1'. The 
vapors arc- passed to a condenser, and the uncondenscd gases 
absorbed in water and returned to the tower. 'I'he distribute ; 
for the acids entering the tower is formed with liquid-discharging 
openings, and with openings through which vajrors from the 
tower pass a coupling leading to the condenser. 

The Deutsche Oa.sgluhlicht .4. 0.‘ have described a process 
for the manufacture of highly concentrated nitric acid by the 
concentration of acid r)f not less than (ii)' ,' strength, by distilla¬ 
tion with approximately 7S'T sulfuric acid. The partially con- 
centraCed acid is then distilled in an apparatus fitted with a 
fractionating column to produce an acid of high concentration. 
Complete separation of the dilute nitric acid from the mixed 
acids remaining in the still is effected in a separate apparatus, and 
both the dilute nitric acid thus obtained and the sulfuric acid, 
after concentration to aboiit 7S'y strength, are returned to the 
vessel in which the first concentration takes place. 

T. Bayer has found’^ that if steam and air are passed through 
a mixture of nitric and sulfuric acirls containing nitrous gases, 
and the resulting nitrous \apor.s are dried by means of sulfuric 
acid, the yiekl of 05' J 0(i';ii nitric acid is almost ((uantitative. 
Any gases which pass out of the condenser are absorbed in sulfuric 
acid in a tower, and this acid then passes to the drying tower. 
Instead of pure sulfuric acid a mixture of sulfuric and nitric acids 
may be used as the drying agent. The amount of air and the di-. 
mensions of the condensing and drying apparatus depend on the 
amount of nitrous gases in the acid mixture. If there is much 
nitrous gas an oxidation chamber should be placed between the 
dryer and condenser. Also that when a mixture” of concentrated 
sulfuric acid and dilute nitric acid flows down a tower packed with 
acid-resisting material, such as glass, quartz, or the like, and passes 
into an externally heated still or retort. An outlet siphon tube 

1. D. R. P. 11)16; abst. J. S. C. I. 1920, J9, 62-A. H. Pauling, 

D. K. P 2.578011, abst. Ctum Ztg. 1018, 37, 262. 

2. I). R. P, 2071l0.'t, I1H.5; abst. J. S. C. I. 1020, 39, 20-A. Iv. Collett, 
P. P. O.'iOltX; abst. Cliem. Ztg. ll)i;i, 37, 244, New Zeal. P. (MOiri, 1011. 

8 . IJ. R. P. 207001, 1016; abst, J. S. C. 1. 1020, 39, 62-A. 



is attached to the retort at a suitable.heijjht, e. g., half way up 
the sWe. The mixture of acids is so adjusted that nitric acid of 
the required strenjfth distils over, and about 70% sulfuifc acid 
flows out of the retort. 

In the F. Gros and Bouchardy process,' strong nitric acid 
is obtained by passing into aqueous nitric acjd, nascent nitric an¬ 
hydride obtained by the reaction of ozone on NOj. 

Condensing Nitric Acid by Means of Plate Towers.- The 
"plate towers” of G. Lunge and L. Rohrniann are much prefer¬ 
able to the coke towers for acid condensing purposes, in that coke 
has a decided reducing effect upon nitric acid forming nitrous 
acid and the lower nitrogen oxides. These plate towers are made 
of acid-resisting stoneware, and are so constnicted as to present 
a large .surface for purpo.scs of condensation, while at the; same 
time offer most intimate contact Ix’twecn the gases and liquids. 
These towers may advantageously be worked in con junction with 
other cooling systems, acid worms, refrigerating receivers, and as 
supplementary and auxiliary to existing cooling arrangements 
where the capacity of the plant is to be increased from a pro¬ 
duction standpoint. They are explained more in detail in connec¬ 
tion with the condensation of sulfuric acid vapors in the next 
chapter. 

Continuous Nitric Acid Manirfacture with Chili Saltpeter. 
The process of the Badische Anilin und Soda Fabrik’ involves 
passing the niter and vitriol through^ series of stills heated inde¬ 
pendently to various temperatures, the contents being kept in 
nii'chanical motion. The temperatures maintained in the several 
chambers are 110°-120°, l.'>0°-170°, 220°-2.j0°. 200°-2S0° and 
2.S0°-;i00°. 'I'he first chamber yields about (i0% of the entire 
product as ■0(i% -07% HNO.), the second chamber an acid of 
the third chamber about 00% strength acid, the 

1. li. I>. IHI8; abst. C. A. 0)20, M, l(«. M. Moest, 

R. Miillcr, von Beriieck, J. Opl and Karbwerke Meistcr, Lucius S: Briiiiiiig, 
U. .S. P. lO.WlOO; abst. Chein. Ztg. 101.8, 37, 244 

ti. E. P. 29741), 1807; abst. J. S. C. 1. 1807, 16, ,537. 

3. n. R. P. 227377, 1908; abst. C. A. 1911, A 1606: Mon. Sci. 1914, 
81, 8.5; Chcin. Zentr. 1910, 81, II, 1410; Chem. Ag. Rep. 1910, 34, .561; 
Chem. Zts. 1911, U, 2363; Jahr. Chem. 1010, S3, 1, .586; Wag. Jahr. 1910, 
56, I, 482; Zts. ang. Chem. 1910, 23, 2338; Zts. Schiess. Si>reng. 1910, 5, 
441; 1912, 7, .36. F. P. 406960, 1900; abst. C. A. 1011, 4, 1666; Mon. Sci. 
1010. 73, 17.5; Chefn. Ztg. Rep. 1910, 34, 126. 
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fourth chamber acid ol alx'ut and the fifth chamber acid of 
strengtli only, h'rom the last chamber flows a commer¬ 
cial bilhjlfate free from nitrogen. According to the H. Schellhass 
patent,' the vitriol and niter, heated and finely divided, are sepa¬ 
rately fed into t,he reaction chamber in such a manner that an 
intimate mixture of the two finely divided masses is effected, the 
sodium or potassium nitrate being first fused and then introduced 
through an atomizing nozzle with the aid of hot air. 'I'he acid 
is similarly introduced. 

M. Prentice- causes the nitrate and sulfuric acid to flow' 
through a distilling vessel from a charging opening to a siphon 
outlet for the residue, the acid gases passing off through suitable 
outlets. The distilling vessel may be divided into separate com 
parlments." The F. Raschig'' continuous process for nitric acid 
manufacture, mixes NaNlOs and Mi.SOi and distils at about 17(1“ 
under a high vacuum, continuously drawing off the nitric acid 
through a condenser and replenishing the mixture in the still by 
suction fhrough a pipe, the end of which is submerged in a supply 
vessel and the height of which is adjusted to carry a head of 
liquid nearly corresponding .to the vaouun in the still, then con¬ 
tinuously drawing off the NaHS ()4 formed from the still through 
a pipe suitably adjustcrl as to height. 

In another continuous process,;' niter and vitriol are siinul 
taneously fed into a large hulk of molten bisulfate in a retort, the 
bisulfate being periodically'withdrawn from the bottom of the 

1. D. K. F. 241711, mil; ahsl, C, A. I1II2, 8, L'lTig; Chi-iii Zentr. 
1912, 83, 1, 172; Clum. Zlg. Hep. 111,12, 38, .S; Wag. Jalir. 1911, 57, I, 4(19: 
Zts. ang Chem. 1912, 25, Zls. .Sohiess, >Sprciig. 1912, 7, 7K, 

2, F. I’. niKiO, «Ki2, IHlKi; alwt. Mon, Sci. I.S9,s, 48, .'’ill, t). K. P, 
7904.7; absl. Her. IH9,7, 28, 482; Jahr. Clicin. 1.89.7, 48, .709; Wag. Jalir. 189.7, 
41, 4.70; Zts. ang, Chern. 189,7, 8, 170. 

8. tl. S. P. 520110, 1894. See Tentelew Chemical Works, F. P, Appl, 
10071, 1910; J. S. C, I. 1910, 35, 74. 

4. C. .S. P. 11.'iOKM, 1917; abst. C. A. 191,7, 9, 1099; J. ,S. C. I. 191.7, 34, 
428. D. R. P. 28.'i212, 1914; abst. C. A. 191.7, 9, 2.77(1; Chem. Zentr. 191.7, 
88, I, 92.7; Chcni. Ztg, Hep. 191.7, 39, 10.7; Zts. ang. Chem. 191.7, 28, 248. 

5. A. Klages and Saccharinfabrik Akt. Ges, vorm. I''ahll)erg, last it 
Co., i;. S. P. 10994.72, 1914; abst.'C. A. 1914, 8, :ilO;|; Mon. .Sci, 1914, 81 K18. 
F. P. .'1204, 19i;i, D. R. P. 207809; abst. C, A. 1914, 8 , 998; Chem. Zentr. 
1914, 85, I, 197; Chenf. Ztg. Hep. 1918, 37, 097; Wag. Jahr. lOl.'l, 59, I, 
4:i.7; Zts. ang. Chem. 1914, 27, 49. F. P. 404.701, 1918; alwt. Mon, .Sci, 
1910, 83, II; Chem. Ztg, Rep. 1914, 38, 479. Aust. P. 00.307. Belg. P. 
20tl299, 191.3. See also W. Garroway, Iv. P. 0777, 1899; abst. J. 9. C. I. 
1900, 19, .349. Chemisehe Pabrik Hhenania, Helg. P. 1.74>12.3, 1.7,7(X)7, 1901. 
Swiss P. 24001, llHIl. 
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retort by means of an overflow dwice* and in a fluid condition. 
• Fixation of Atmospheric Nitrogen.' In ISii.S W. Crookes 

1. A. Hadiil, U. S. P. IIHOIBO, I'.IKi; ahsl. J. .S, C. I. 19l5, 35, 1010; 
Mon. Sci. 1017, 84, 10. Iv. P. 2i580, 1011; abst. J. S. C. I. lOl.'i, 34, 

Ann. Rep. .Hoc. Cliein. Iml. 1010, 1, 110; Mon. ,Sci. 1017, 84, 74. Can. P. 
17108.'), 1017; abst. C. A. lObS, 12, 20.S. H. l,ec, 1^. Walker, II. Dutclier 
and IC. Hasten, Mining ling. Record, 1018, 23, 7.'!; abst. C. A. 1018, 12, 
18.70. J. Hucher, J. Iiid. ling. Cliciii. 1017, 9, 288. K. Und(|iiist, U. S. P. 

120.S.'i0.'l; abst. C. A. 1010, 13, 1751. liadischc Anilin & Soda Pabrik, 1). 
R P. 2,WOO, 1010; abst. C. A. 1011, 5, 2710; J. .S. C. 1. 1011, 30, 747; Clieni. 
Zentr. 1011, 82, I, 1888; Clieni. Ztg. Rep. 1011, 35, 271; Wag. Jahr. 1011, 
57, 1, 400; Zts. ang. Chein. 1011, 24, 040; Zts. Schiess. Spreng. 1011, 6, 282. 
Ileilby, li. P. Appl. 21878, 1010; abst. J. S. C. I. 1010, 38, 700 A. ('.. 
McConrt and C. lillis, U. S. P. 1280400; abst. C. A. 1010, 13, 774. W. 
I.andis, C. S. P. 1108000, 1108001, 1108002; abst. J. S. C. I. 1014, 33, 804; 
C. A. 1014, 8, 2081; Mon Sci. 1014, 81, I7.«. P. S. P. 1 1400.58, li54040, 
1108005, 1I8:!8.8.5, 1108700, 110.8707, 1108798, 1108709, 110.8800; abst. J. S. 
C I. 1015, 34, 480, 001, 1207; 1010, 35, 11.5, 787, 008; Cliein. Ztg. Rep. 
1010, 40, 120; 1017, 41, 124, 107; J. Ind. ling. Chem. 1015, 7, 4.8.8; Met. 
Chem. Eng. 1015, 13, 218; 1010, 14, 200; ,\nn. Rep. Soc. Cliein..Ind. 1010, 
1, 120; 1017, 2, 1.S7; Mon. ,Sci. 1010, 83, 8.5, 87, 40; 1017, 84, 5, 10. J. Monl- 
gonierv, Chem. ling. 10i8, 27, .8.5; C. A, 1010, 13, 000; J. Ind. ling. Chem. 
1010, 11, 801. llrightmore, li P. Apj)!. 21818, 1018; abst. J. S. C. I. 1010, 
38, .81 A. R. Pearson and H. Parkes, li. P. 1.8000,8; J. S. C. I. 1010, 38, 
718 .\. R. Pearson, New Zeal. P. 41421, 1010. Y. Moriinoto, J. Chem. 
Ind. Tokyo. 1018. 21, ,881; J. .S. C. I. 1010, 38,10-A. H. Barschall, D. R. P. 
2.50.877, iOll; abst. C, A, 1018, 7, 8205; Chem. Zentr. 101.8, 84, II, 107; 
Chem. Ztg. Rep. 101.8, 37, 820; Wag. Jahr. 1018, 59, 1, 58.5; Zts, ang. Chem. 

101.8, 26, .882. Hueb, J. (lasbelench. 1010, 62, 2; abst. J. S.'C. 1. 1010, 38, 
210-A. Ibirean d’drganisalion lieonomiqiie. Rev. de I’ingenieur et index 
Technique, 1010, 25, 15; abst. C. A. 1019, 13, 8280. II. Creighton, J. Prank. 
Inst. 1010, 187, 877; abst. C. A. 1010. 13, 1180. I.cfebro, li. P. 1045, 18.50; 
absl. Mon. Sci, 1000, 65, .880. 11. PTilmer, Soil Sci. 1017, 4, 1; ab.st. J. S. C. 

I. 1017, 36, 1021. .Siirenglnft Ge.s,, E. R, P. 812280; J. S. C. 1. 1010, 38, 
OKl-A. A. Sanfonrche, Conipt. rend. 1010, 168, .807; C. A. 1010, 13, 1102. 
Hull. .Soe. Chilli. 1010, 25, 0.8.8; abst. J.„S. C. I. 1020. 39, 1.54-A. lil.-ktrizi- 
tatswerk Eoiiza, Norw. P. 2.8002, 1018; abst. C. A. 1010, 13, .502. .Swiss P. 
7.8.574, 1010. A. Stiihler and I. Elbert, Her. 1018, 46, 2(«)0; J. .S. C, I. 1918, 
32, 780. M. Guiehard, Rev. .Sei. lObS. 56, .8.85; abst. C. A. 1018, 12, 1041. 

• P. Howies, J. S. C. 1. 1007, 26, 208, 4.52. M. Herthelot, Compt. rend. 1900, 
142, 1807; abst. C. A. 1007, 1, 22. C. .Steinmelz, C. A. 1018, 12, 2194. 
N. Kameyama, J. Chem. Ind. (Japan), 1019, 22, 400; abst. C. A. 1919, 13,' 

278.8. Nitrogen Products Co., li. P. Appl. 15705, 1010; abst. J. S. C. 1. 

1010, 38, 4.81 A. R. .Strutt, Prix-. Rov. Soe. 1011, 85-A, .58.8; J. S. C. I. 

1011, 30, 1201. A. Poss, U. .S. P. 117.52.52; abst. J. S. C. I. 1010, 35, 548. 

II. Priiiscn-Gerligs, I'e Stiikerinduslrio, 1017, 279, 811; Arch .Siiikcrind. 

1018, 26, ;..82; abst. C. A. 1910, 13, 1!H),8. Schiller, Apoth. Ztg. 1919, 34, 
107; abst. C. A. 1010, 13, 82.80. C. I.iinp, P. P. 408580; abst. Mon. Sei. 
1911, 75, 571, 578. C. W'illiains, Elec. World, 1919, 73, 281, 448; abst. C. 
\ 1019, 13, .587, 1282. M. Tausent, Zts. Elektrrxhem. 1012, 18, 814; J. S. 
C. I. 1012, 31, 408. C. I.nekow, 1.). R. P. 170805; abst. Chem. Zentr. 
1907, 78, I, 1108; Chem. Ztg. Rep. 1007, 30, ♦!; Jahr. Chem. I!H)5-1908, 
I,%i000; Wag. Jahr. 1000, 52, I, 510; Zts. ang. Chem. 1907, 20, 1748. G. 
Taylor, J. Capps, A. Coolidge, J. Ind. ling. Chem. 1018, 10, 270; J. S. C. I. 
1918, 37, 29S-A. P. Hmiet, IJ. S. P. 11900.57, 1010; abst. J. S. C. I. 1910, 

35, 1010; Mom Sei. 1017, 84, 10. E. P. 4287, 1915; abst. J. S. C. I. 191.5, 

34, 901; Ann, Rep. ,Soc. Chem. Ind. 1910, 1, 119; Mon. Sci. lOH, 84, 70. 
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forcibly pointed out that the c/>inmercial fixation^of nitrogen was 
one of the great problems awaiting the reflection and ingenuity of 
chemists, atwl that the economic independence of a nation in 
peace and in war, was primarily dependent upon the proper 
solution of this problem, and convincingly emphasized with 

R, McKee, Can.'1‘. ab.st. C. A. 13, r,(e. S, Sachs, Ann. 

Pliysik. 191"), (tl, 47, KSU; ahst. J. S. C. I. I9I">, 34, 1257. S. Tucker anil 
H. Rcail, Met. Choni. Kns. 1912, 10, 7-4."); .1. ,S. C. I. 1912, 31, 1124. C. 
Yolney. Trans. Arncr. Kleolrochem. Soc. 19(i4, 3, 285; J. S. C. I. 1902, 22, 
9,>4. (V Krlwcin, Ivlcctroehcin. Ztg. 1900, 13, 137, 101. R. Wallace ami 
1C. Wkissnicr, New Zeal. R. 32242, 1913. G. Wiegner, J. l.anilw. 1913, 61, 
II; KolloiiJ Zls. 1914, 14, .5,5; J. S. C. I. 1914, 33, 1104. R. Williams, 1'. S. 
I’. 1314231; C. A. loio, 13, 2747. T. Kwan ami J. Napier, J. vS. C. I. 1913, 
32,407. Chem. Fabr. Glailbeck, G. m. b. h., F. R. 0-1.84, 1900, adiln. to h'. R. 
.341109; abst. Mon. Sci. 1900, 65, 4; 1909, 71, 571. O. Dobbelstein, .Stahl, 
n. ICisen, 32, 1571; abst. C. A. 1913, 7, 219. IC. Haslup, Can. R. I.8707if), 
191,8; abst. C. A. 1918, 12, 2070. N. Toiinnasi. Can. R. 1.8,5847, 1918; abst. 
C. A. 1918. 12, 2045. J. Bucher, C. S. R, 1174007, 1174008, 1910; abst, J. S. 
C I 1910, 35, 408; Mon. Sci. 1917. 84, 13. F. S. R. 1113.598, 1113.599, 1914; 
abst. J. ,S. C. I. 1914, 33, ll.'vt; C, A. 1914, 8, 3702; Mon. Sci. 191.5, 82, 17. 
I' S R 1174944; ahst. J. S. C. I. 1910, 35, 4<)9. J. Currie, I'. S. R. 1203">33, 
1918; abst. J. S. C, I. 1918, 37, 33.5-A. K. R. 10.59.53, 1910; abst, J. S. C. I. 
1917 36, 0.50; 1918, 37, 33.5-A. F. Ficschi, I.Tmlustrie chim. 1918, 5, 79; 
abst ’c A 1H18, 11, 1-178. A. Foss, Can. R. 17.5887, 1917; abst. C. A. 1917, 
11, 3101. DuPont Powder Co., 1C. R. 1703,8, 1912; abst. C. A. 1914, 8, 302; 
J ,S C I 1913, 32, 487. F. R. 4402t)9: abst. J. S. C. I. 1913, 32, 141. C. 
Senes and L. Ginies, F. P. 414720: abst. J. S. C. I. 1910, 29, 1212: Mon. 
.Sci 1911, 75, .572. .Six'iete .Anonynic le NitroKcne, .Swiss R. -147.50, 44751, 
1908 I. Cederbcrit. Can. R. 1.85119, 1918; abst. C. A. 1918, 12, 1818. F. 
Hansscr, K. R. 7419. 1914; abst. C. A. 1915, 9, 2435; J. S. C. I. 1915, 34, 
,800 F. P- 409049, 1914; abst. J. S. C. 1. 191.5, 34, 80. A. GorbolT ami 
B. Mitkevitch, D. R. R. 190014, 1900- abst. J. S. C. I. 1908, 27, .570; Cbem. 
Ztg Rep 1907, 31, 035; Wag. Jahr. 11K)7, 53, II, 212. A. Cocking and 
Kynoch, Ltd., IC. R. 123444; abst. J. S. C. I. 1919, 38, liOO-A. W. Siebert, 
r S. R. 1001780; abst. J. S. C. I. 1913, 32, 00.5; C. A. 1913, 7, 2103. IC. 
Briner, J. Chim. Rhys. 191.5, 13, 18; abst. J. S. C. I. 1915, 34, ,57iO. IC. Briner 
and P. Naville, Helvct. Chim. .\cta, 1919, 2, 348; abst. Chim. Iml. 1920, 3, 
211. 1C. Briner and Baerlus, Helvet, Chim. .\cta, 1919, 2, 95. A. Neu- 

liergcr, V. S. R. K.")0392, UK)4; abst. Chem. Ztg. Rep. 1907, 31, 2.55, W. 
Cramp and B. Hoyle, abst. J. S. C. I. liM)9, 28, 95. W. Werner, U, S. R. 
777987 to 777991; J. S. C. I, 1905, 24, 95; Mon. Sci. 1900, 65, 330. ICIek- 
trizitiltzwerk I.onza, 1). R. R. 302071, 1910; abst. J. .S. C. I. 1918, 37, 33.5-A; 
Mon Sci. 1918, 85, 00; Chem. Zentr. 1918, 89, I, 319; Chem. Ztg. Rep. 
1918, 42, 44, IClectrcK-hem. Mel. Iml. 5, 485, 491; abst. C. A. 1(408, 2, .573. 
H Pauling. IC. R. 22322, 1910; abst. J. S. C. 1. 1911, 30, 84. (4. Schimherr 
and J. He.sslterger, I'. S. R. 111.5249, 191-1; abst. J. S. C. 1. 1914, 33, 1102. 
R. Pictet, F. P. 4tH1787, 19IK); abst. J. S C. I. 1910, 29, 817. P. Guye, F. P. 
441022, 1910; abst. J. S. C. I. 1911, 30, .541. S. dc Ferranti, IC. P. 20697, 
1907; abst. J. S. C. I. 1908, 27, 10.58. K. P. 1390.5, 1900; abst. J. .S. C. I. 190V, 
26, 1145; Chem. Ztg. Rep, '!M)7, 31, .502. H, S. P. 898.340; abst. J. S. C. I. 
1907, 26, 1145; Zts, ang. Chem. 1908, .554, A. Gran and F". Russ, Sitzunsber. 
Akad, Wiss., Wien, 1900, 115, II, A, 1; U7, II, A, .321; J. S. C. I. 1907, 26, 
019; 1908, 27, 945; Chem. Zentr. 1908, 79, II, 007. W. Kochmanii, U, S. 
P 105.5331; abst j. S. C. I. 1913, 32, 425; Arbeit. Pharm; Inst. Berlin, 8, 
81; Chem. Zentr. 1912, 83, 1, I(i9; C. A. 1912, 6, 229.5; 191.3, 7, 1445. E. 
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tangible figures what an important practical bearing this problem 
exerted on the future welfare and perpetuity of the eiviKzcd world. 

He, with other scientists, brought forcibly to tlie attention 
of engineers and chemists the fact that the existing sources of 
available nitrogen were limited, and materially stimulated the 

Masliip, II. S. P. 1HI(M7S; alist. C. A. I!I10, 13, LM27. li. P. Ai)|>l, I7;iti.'>. 
1917; abst. J. ,S. C. I. I9IS, 37, ti7a-A. J. Island, U. S. P. lISKMt.'i, I:il770.a; 
ab.st. C. A. 1919, 13, 2817, 8289; J. S. C. I, 1919, 38, 819-A. I!. P. A)M)I. 
21090, 1919; abst. J. S. C. 1. 1919, 38, 7(X)-A. New Zeal. P. .8,•1042, 19i;i. 
J. Island and IC. Coleman, Can, P. 197827, 1920. 1). Ilelbig, !•'. P. IlSOlOIl, 

I1K17; abst. J. ,S. C. I. 1908, 27, .Wi; Mon. Sei. 1911, 75, o71, .77;i; Chem. 
Ztg. Rep. 1908, 32, IlH.'!. K. P. 27790, 1907; abst. J. S. C. I. 11M18, 27, 817. 
A. Kaufman, IJ. S. P. 1307802; abst. C. A. 1919, 13, 22.89. Hadiselie Aiiilin 
tXr Soda Kabrik, F. P. 8.80020; abst. J. Soe. Dyers, 190.8, 21, 182; Mon. Sei. 
1900, 65, 101. U, S. P. 1029.828, 10.84901, 1102718, 11.88107; abst. J. S. 
C. 1. 1912. 31, 042; 1918, 32, 80.8; 1914, 33, .881; 191.8, 34, 1209. F. P. 
20749, 1910; 8402, 1914; abst. J. S. C. I. 1912, 31, ;i8.8; 191.8, 34,822. Swiss 
P. ,80.888, 51899, 1910. A. Koenig, Zts. Klektroehem. 191.8, U, 207; abst. 
J. S. C. I. 191.8, 34, 1090. H. Rimgc, F. P. 409798, 1914; abst. J. S. C. I. 
191,8, 34, 29. Akt. Kvalveiiidustrie, New Zeal. P. 421.80, 1919. J. lai Cour, 
H. S. P. 1290.881; abst. C. A. 1919, 13, 0,88. F. I.ong, Flee. Rev. West. Flee. 

1917, 71, 0,8; abst. C. A. 1917, 11, 2804. I). I.ovejoy, lb S. P. 829272, 829278, 

829274, 82927.8, 829270, 829277, IIMJO; abst. C. A. 1907, 1, "9; J. S. C. I. 
1901), 25, 981). For the production of 0 and N from the air, using calcium 
plumbate, sec (1. Ka.ssncr, D. R. P. 284849, 1910; abst. J. S. C. I. 1911, 30, 
89.8; Chem. Zentr. 1911, 82, I. 1720; Chem. Ztg. Rep. 1911, 35, 804; Wag. 
Jahr. 1911, 57, I, .848; Zts. ang. Chem. 1911, 24, 1194. S. Naiichkoff, Met. 
Chem. Ind. 1917, 17, .82,8; abst. C. A. 1918, 12, 400. H. Rankin, F. P. 
47<)492, 191.8; abst. J. S C. I. 1910, 35, 1108, .See also U. S, P. 11.807»>, 
191.8; ab.st. J. S. C. I. 191.8, 34, 900; 1910, 35, 1108; Mon. Sei. 1910, 83, 3.8; 
Ann. Rep, Soe. Chem. Ind. 1917, 2, 188. A. .SUdder and J. Elbert, Ber. 1918, 
46, 2(«)0. S. Peacock, 11. .S. P. 1148182; abst. J. S, C. I. 1915, 34, 884; 
Mon, .Sei. 1910, 83, 34. L. Glasci. U,S. P. 921975; ab.st. J. S. C. I. 1909, 
28, 0,80; Moil. .Sei. 1909, 71, 140; Chem. Ztg. Rep. 1909, 33, 899. J. 
Rudolphs and G. Thissell, D. R. P. 2.88080, 1911; abst. C. A. 1918, 7, 080; 
Chem. Zentr. 1912, 83, II, 18,8;i; Chem. Ztg. Rep. 1912, 36, 0.82; Wag. Jahr. 

• 1912, 58, I, 490; Zts. ang. Chem. 1912, 25, 2551. H. \Ioody and S. Tucker, 
11. S. P. 117r)(X)7, 1910; abst. J. .S. C. 1. 1910, 35, 409; Mon. Sei. 1917, 84, 
11. H. Farnb, H. S. P. 1123708, 1915; abst. J. S. C. I. 1915, 34, 228. t*. 
Drivle, lb S. P. 1194000, 1204849; abst. J. S. C. I. 1910. 35, 1028, 1207. 0. 
vSillH-rrail, 1C. P. Appl. 12107, 1918. G. Kettler, Ausl. P. 41808. .Swiss P. 
40882, 1!K)7. W. Hoofnaglc, F, P. 448519; abst. J. .S. C. I 1918, 32, 482. 
India P. 880,8, 1918. Can. P. I890;i4, 1920. F. Edwin, lb .S. P. 1198882; 
abst. J. S. C. I. 1910, 35, 971. F. Kilburn .Scott, Electrician, 1910, 78, 215, 
abst. C. A. 1917, 12, 81.8; Trans. Amer Electrochein. 34; Gen. Flee. Rev. 

1918. 21, 793; Chem. Met. Eng. 1918, 18, 411. W. Hemingway, Ib .S. P. 
781820, 1905; abst. Chem. Ztg. 190.8, 29, 228; Chem. Zts. 1905, 4, 209. A. 
Helfenstein, F. P. 20871, 1911; abst. C. A. 1918, 7, 1079; J. .S, C. I. 1912, 

31, 1180; Chem. Ztg. Rep. 1913, 37, 807. F.tib 480828; abst. J. S. C. 1. 
1912, 31, 499. D. Helbig, U. S. P. 887320; abst, Mon, .Sci. 1909, 71, 124. 
F. P. 3.82090, 1905; ab.st. J. .S. C. I. 1905, 24, 890; Mon. Sci. ItHHi, 65, 102; 
l»n. 75, .872, .873. U. S. P. 92tm3; abst. Chem. Ztg. Rep. lOOfI, 33, 427 
F. P, 885198* abst. Mon. ,Si'i. 1911, 75, 571, .878; Chem. Ztg. Rep. 190,8' 

32, aa'l. D. R. P. 189,804; abst. J. S. C. I. 190.8, 27, 570; Zts. ang. Chem 
1905, 16, 1702; 1908, 21, 550; Chem, Centr. 1908, 74, II, 210; 1907, 78, 11 
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efforts of investigators in this field. The problem, in a more ‘or 
less cnide'’ma*nncr, had engaged the attention of research for over 
a century, but its solution had been approached jirimarily from 
the chemical side, and it was not until the researches of J. Idebig 
and others' on the biojogical transformation of elemental nitro- 

Zts. l';k'ctraclR'iii. I'lOH, 12, .mII; Clicin, Ztg. Rep. 31, 5Sr,; 

Cticm. Zls. 1!I07, 6, No. tat; Jahr. Clioin. IllO.a RH)S, 1, ITliO; Wajj. Jaiir. 
19(17, 53, I. ;i97. J. liphraim. t). k. I’. 27071,S; ahst. J. S. C. I. 1911, 33, 
IRVl; Clu'tn. Zentr. 1911, 85, II, .■i.YI; Clu'iii. Ztg. Rep. 1914, 38, tO.'i; Wag. 
Jahr. 1914, 60, 1, l.’l.S: Zts. ang. Chcin, 1914, 27, .aSO, ,\iioti. Chem. Trade 
T 1908, 43, 411; ahst. C. .\. 1909, 2, dOll. Itiigrais, 25, 212; .ilist. C. A, 1911, 
5, llOS. J. Iml, ling, Chem. 1910, 8, 10S.S; ahst, C. A. 1917, 11, 270. Iroa 
Age. 1910. 97, 11741; ahst. C. A. 1910, 10, 1777. J. S. C. 1. 191.7, 34, 112; 
ahst. .Ann. kept. .Soe, Cluaii. IikI, 1910, 1, 11,7. J. S, C. I. 1917. 36, 1190. 
Met. Chem. hhig. 191.H, 18, 77. Nature, 1917, 100, 210 lileetrieiau, 1917, 
80, 1.21. Chem. News, 1917, 166, 240. C. A. 191K, 12, 29:7, 004. K. Den, 
Jap, P. 22722, 191S; ahst. C. A. 191.S, 12, 210.S. A. K'oeh, Ceiitr. ISakl. 
Par. 1910, ii. 27, 1; J. C, S. 1910, 98, ii, 7)20; fixes nitrogen in the soil with 
the help of cellulose as source of energy. II. Pringsheim, Centr. liakl. Par. 
1910, 26, II, 222; ahst, J. C S. 1910, 98, ii. 220. It. Scott. Helg. P, 2,77.S7I, 
191.2. J. Ilucher, Ifelg. P. 2.72.7,21, 1912; ahst. Chem. Ztg. 1912, 37, ,202. 
Chcmische Fahrik (Iladheck ('»es,, llelg. P. I701IK). 1901. Comitc d’iiiitia- 
tive pour la lah. ile produits nitripue, lielg. P. 172.721, P.t02, Chemisclie 
F'ahrik liuckau, Helg. P. P.1.7,7,71, 1900. Compare also h'. P. 22,71,72, 21ll0tt. 
.2.727>48, .27,2171, .202017, .20201.2, 20.7070, 2092,27, addn. 01.21 to 211109, 
271297 , 27.7249, 279427, 2.20407 , 220011. 2,20,2,24 , 2,2,7192 , 291092 , 291.7.77, 
4020111, 4(I.71‘I2 , 411092 , 41.7970, 410777, 119722, addn. 12111, 12070. to 
402012, addn. 1211.7 to 400117, 121122, 42.7297. 410217, 44021.2, 14171)0, 
addn. 17.727 to 440217. 

1. J. V. Rrann, .Ahegg’s llandh. d. anorg. Chem. 1907, 3, HI. 210. 
.A. Stewart, Recent .Advances ill Phfsieal and Inorganic Chemistry, P.iO'.i, 
29. A. Crosslev, Pharm. J. 1910, (4), 30, 229; ahst. C. .A. 1910, 4, 1270. 
A Peterson, C' ,S. P. ,22(KI27. SStllf l, 1901; ahst. Chem. Ztg, Rep. 190.2, 

32, 2.72. F, P, 249227, 1904, I). R. P. 12,7297, 1904; ahst. J. S, C. 1. 1902, 

21, .7.77; 190.7, 24, 079; Mon. .Sei, 1909, 71, 10(1; Chem. Zentr. 1907, 78, 11, 
ti;VI; Chem. Ztg. Rep. 1907, 31, 242; Jaht Chem, lOO.V 1902. I, 1707; Wag. 
Jahr. 1907, 53, I, 294; Zts, ang, Chem, 19(12, 21, .7.77. R. Pawlik'owski, F. P. 
20722, 190.7; ahst. J. S. C. I. 1900, 25, 022. J. Mitchell and 1). Parks, C S. 
P. 817022, 1900. h. Summers, C. S. P. 112.720.2; ahst. J. S, C. I. 191.7, 34, 
220; Proc. Amer. Inst. Flee, Fug- 191.7, 34, 227; Met. Chem. I'ing. 191.7, 
12, 241; Trans, Amer. Klee. Soo 191.7, 27, 229. O. ami K, Wehei, I'. S. P. 
1042179; ahst. C. A. 1912, 6, 2270. F. P. 120201; ;d)sl. J, S, C. I. 1912, 

33, 422. F. Russ, Oest. Chem. Ztg. ltl()7, 10, 227; Zls. ang. Clfem. 1907. 

21, .75.7; Zts. Fleetroediem. 1912, 19, 922. C. Wagener, C. S, P. 10.7.7(KI2, 
10.7.7295; ahst. J. S. C, 1. 1912, 32, 422; C. A. 1912, 7, 1221. F. Salvador, 
Giizz. chiin. ilal. 1900, 30, H, 229; Chem. Ztg. 1901, 25, 9; J. C. S. 1900, 
80, ii, 94. J. Thoresen and F*. Tharahlsen, F. P. 12029, 190.7; ahst. J. ,S. C. 
1. I'KlO, 25, 221. F. P. 2.72.7.70; ahst. J. S. C. 1. 190.7, 24, 970. O. Kanseh, 
Flectrochem. Zts. 1900, 13, f<2. F. Scott, S. P, 11122711; .ahst, C. A. 1914, 
8, .2702; Mon. .Sci. 191.7, 82, 20. F. P. I4.H7I, 1001 I, 1912; ahst. J. .S. C. I. 
1912, 32, 272; C, A. 14114, 8, 22, 22; Chem. Ztg. Rep. 1912, 37, 0.77. F;. P. 

4722, 472.7, 0120, 1912; ahst. J. S. C. I. 1914, 33, 201, 427; Chem. Ztg. Re|i. 
191.7, 39, 2(1; C, A. 1914, 8, 20.71, 2249. F. P. to'.HiOtl. New Zeal. P. 2.2472. 
1912. F. .Scott and (7. Hager, 1*7 P. 200, 1912; ahst. J. ,S. C. 1. 1912, 32, 
004; C. A. 1914, 8, 2121; Chem. Ztg. Rep. 1914, 38, 270. E. Scott and F. 
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s;cif into available and assimilable forms, and the interdependence 
of electro-thermal considerations upon the influence of the com- 
binalion of atmospheric nitrogen and oxygen, that the problem 
emerged from the chaotic to the tangible phase. 

The earlier efforts in the art were largely confined to the 
commercial attempts of nitrogen fixation for the purpose of manu¬ 
facturing cyanides and nitrides, and the earlier bibliography of 
the subject, therefore, is mainly concerned with efforts in this 
direction. 

The three fundamental economic products formed by the 
union of atmospheric nitrogen are: (a) its union with oxygen to 
form nitrites oi nitrates; (b) coupling with carbon to form cyanides 
(XCN), ami cyaiiamides (XCN-j); and (c) combination with hydro¬ 
gen to form ammonia (NHj). h'rom all the above products a 
large number of derivatives are obtainable of paramount value 
in the chemical arts. The most imiiortant of these commercial 
products arc the unions with oxygen, with the subsequent fonna- 
tion of nitric acid and the nitrates of commerce. 

It has been only within the last half-decade that the full 
significance of the previous observations have been so correlated 
IS to be fully recognized, and the biological cycle of transforma¬ 
tions which nitrogen underwent in nature in which physiological 
])rocesses play so leading a pari, revealed nitric acid and its 
derivatives as not merely useful cliemical reagents, but as indis- 


llowks I'i 1’ inio; al)st. J. S. C. 1. 1!)l(i, 35, 47(>. IC. P. 121 ) 0 .%, 

12()0H0; al)sl. J. S. C. I. lOIO. 38, :ill)-A, 41)0 A. India P. ;)221, P.ll". K. 



•ill’ Halt Soc. Intern. Ivlcctrician.s, UHl.'i, 3, .'(14; liclairagc ICIcetriqiie, 100.'!, 
37 Hon; Oesl. Chein. Ztg. 1012, Nos. 17, IK. M. Kroczek, Gas World, 101.'!, 
59' liTK al)st. C. A. lOi:!, 7, 0022, For tlie drying by refrigeration of air 
to'be li(iiietied, G. Claude, Compt. rend. lOlO, 157, llifi; ab.st. J. .S. C. I. lOUi, 
32 040 11. Colin and li. Geisenberger. Helg. P. 144420, IKOO. G. Kassner, 

Swiss P .OTTOT, 1011. C. Casinan, Bclg. P. 2.")(i.")0(i, lOKi. .Anon., lilce. 
Wj)rid 72, SOI; abst. C. A. 1010, 13, 8 . Anon., Chein. Met. Kng. 1010, 
21 lili' abst C A. 1010, 13, 211X1, Anon., Manufacture Ucc. 1010, 75, No. 
2,')! 80 ', alist. C. A. 1010, 13, 1002. See alsoj;. A, 10Ub_13, 300, l.MS. 



I Cederberg and G. Kynebcrger, Can. P. 185110, 1018. Soc. Gencrale des 
Natrurcs, Can. P. 174085, 1017, 104830, 1015. 



peiisable requisites and potent factors in the ^Vell-being of man. 
Inorganv: nitrates are gone when the Chili saltpeter beds have 
become exhausted. Basic available nitrogen is substantially at 
an end when the supply of ammonia is diminished when the world’s 
supply of coal is gone. 

Tt is well recognized in the nitrogen i)roblein, that annuouia' 
and nitric acid stand in a clearly defined relation to each other, 
which is not affected by the consideration that sooner or later 
the world must face a diminution in the supply of combined (syn¬ 
onymous with available) nitrogen. This situation will—and re¬ 
cently has -changed materially by successful processes for the 
use of the inexhaustible supplies of nitrogen in the atmosphere, 
and in the international conflict so recently terminated, it has 
been sard that Germany was enabled to prolong hostilities due in 
a great measure to the fact that she has been able to so perfect 
the commercial exploitation of nitrogen fixation in attempts to 
bind nitrogen and keep it securely botmd either in derivatives of 
ammonia br of nitric acid, as to become entirely independent of 
Chili saltpeter or nitrogen as coal by-products.' 

It is from such conditiops as these that have sprung the 
manifold successful processes f()r harnessing this chemically inert 
clement, previous series of observations having now actiuircd a 
tangible significance. The eccnomically developed methods for 
the fixation of nitrogen and its union with oxygen to oxides, after¬ 
wards oxidizable into nitric acid and then neutralizable into salts, 
are those developed by O. ,Sch6nherr and his co-workers; by K. 
Birkeland and S. Hyde in the utilizjition of the vast water power 
in Norway; and in the process as primarily developed by years of 
experimentation by Pauling. Each of these processes are detailetl 
herein. 

I. Anon., Nature, 1 104, N!.!; Elec. Rev. I!)2(), 78, 40.); a%st. C. A. 
1920, 14, 1187. A. .Acker and Nitroi'cii Co., IT. ,S. R. lOnldOd, lOl.'i; .abst. 
Chem. Ztg. 1918, 37, 244. Akt. Ges. fiir Slickstofldiiiiger, I). R. V. Aimi 
A-22179; abst Chem. Ztg 191.1, 37, 21.'). American Nitro Products Co., 
Can. P. I(')I.4(>8, 191,4. .Armour Fertilizer Works, Can. P. 17.47'iO, 17.47,.'ll, 
1917. Atmospheric Prorlucts Co., li. P. 14781, 1902; India P. Appl. 190, 
1902, 1.48, 190;i; K, P. 82.S4, ISKII; 14781, 1902. O. Bender, I.). R. P. 2.489,'bA; 
abst. Chem. Ztg. 1913. 37, 387. Canadian Explosives Ltd., Can. P. 179118, 
1917; 142472, 1912. Meister, Lucius & Brihiing, E. P. 3602, 1913; abst. 
Chem. Ztg. 1913, 37, .348, .397. Belg. P. 2.''>.338l; General Chemical'Co., 
Can. P. I424t4l, 1912 C. Greenstreet, I'. .S. P. 10)4281)4, 1913; ;d)st. Chem. 
Ztg. 1913, 37, 348. J. Hager and Lever Brothers, E. P, 131084, 1918; abst, 
C. A. 1920, 14, 323. F, lllavati, Belg. P. 2)42772; abst. Chem. Ztg. 1913, 37, 



Schonherr Process for Manufacturing Nitric Acid.' In lOO.j 
O. Schonherr in conjunction with the engineer J. Hessberger, both 

348. W. Iwanoff, Can. P. 181048, 1917. K. Johnson, Can. P. 181St37, 1918. 
MoConrt and Kills, E. P. 2,5029, 1912; abst. Chem. Ztg. 1913, 37, 2.54. Norsk. 
Hydro-Elektrisk Kvaclstofaktiesclskat, Can. P. 1.57489, 1.5749(1, 1914 

101131, 191.5; 170810, 1910; 17r)887, 1917. R. Nowk-ki Aust. P, Anm. 348, 
1912; abst. Chom. Ztg. 1913, 37, 310. K. Pictet, K. P 192,54, 1900; India P. 
Api)I. 219, 1902. b. .Simiison, Chem. Met. Kiig. 4920, 22, 20; abst. C. A. 
*1920, 14, 1187. L'Air, Liquid Swictc anonyme pour I’litudc ct I’K.sploitatioii 
dcs Precedes Goerges Claude. Can. P. 182910, 1918. Societc Gciieralc des 
Nitrures, .Span. P. ,53970; abst. Chem. Ztg. 1913, 37, 228. .Southern Electro 
Chemical Co., Can. P. 1.53539. 1914. The Surface Combustion Inc., Can. P. 
187002, 191,8. V. Tliranc, Can. P. 18.5070, 1918. Les Usincs Electriques de 
la Lonza, Can. P. 18.5847, 1918. Wallace and Wassmer, E. P. 3147, 1912; 
New Zeal. P. 32242, 1912; E. P. 448511; abs. Chem. Ztg. 1913, 37, 284; A. 
White, Chem. Met Eng. 1920, 22, 309; J. Ind. Eng. Chem. 1919, 11, 231; 
abst. C. A. 1919, 13, 772; 1920, 14, 1187. E. Wiley, Can. 1*. I4(i912, 1913. 
J. Woo<l, Can. P. 100902, 1915. 

1. D. R. P. Anm. B. 54700. U. R. P. 108001, ai).st- Chem. Centr. 
19()(i, n, I, 1303; Chem. Ztg. 19(Ki, 30, 301; Jahr. Chem. 190.5-190.8, I, 1703; 
Wag. Jahr. 1!H).5, 52, I, 455; Zts. ang. Chem. 19(Hi, 19, 1,522. I). R. P. 

188188, abst. Mon. Sci. 1910, 73, 05; Chem. Zentr. 1907, 78, II, 1282; Chem. 
Ztg. Rep. 1907, 31, 492; Chem. Zts. 1907, $, No. 2(K); Jahr. Chem. 1181,5- 
1908. I, 1779; Wag. Jahr. 118)7, 53, I. 413. I). R. P. 191912; abst. Mon. 
Sci. 1910, 73, 07; Chem. Zentr. 118)8, 79, I, 315; Chem. Ztg. Rep. 1907, 31, 
033; Chem. Zts. 1908, 7, 418); Jahr. Chem. I1K),5-1908, I, 179.5' Wag. Jahr. 

1907, 53, I, 410; Zts. ang. Chem. 1908, 21, 798; Zts, Sehiess. Spreng. 118)7 

2, 4.5.5. 1). R, P. 118)323; abst. J. S. C. 1. 118)8, 27, .570; Mon. Sci. 1911, 75, 

,58; Chem. Zentr. 118)8, 79, I, 1341; Chem. Ztg. Rep. 1908, 32, 245; Jahr 
Chem. 190.5-1908, 1, 1721; Wag. Jahr. 11818, 54, I, 40.5; Zts. ang. Chem 

1908, 21, 1,521. I). R. P. 2(88)80; abst. J. S. C. I. 1911, 30, 10.58- Mon 
Sci. 1911, 75, 82; Chem. Zentr. 118)8, 80, II, 838; Chem. Ztg. Rep. 118)8, 

32, 4,89; Jahr. Chem. 190.5-1908, I, 20.58; Wag. Jahr. 1908, 54, II, 24- Zts 
ang. Chem. 1908, 21, 2040. D. R. P. 201279; abst. Chem. Zentr. 1908 
79, II, 1139; Chem. Ztg. Rep. 118)8, 32, .5-12; Chem. Zts. 1908, 7, No. 1012- 
Jahr. Chem. 190.5-1908, I, 1772; 1909, 62, .529; Wag. Jahr. 1908 54, I, 410- 
Zts. ang. Chem. 1908, 21, 2330. D. R. I*. 204997, abst. Chem. Zentr. 1909, 
81, I, 112; Chem. Ztg. Rep. 1908, 32, (>83; Chem. Zts. 1909, 8, No. 1297; 
Jahr. Chem. 1909, 62, .529; Wag. Jahr. 118)8, 54, 1, 411; Zts. ang. Chem. 1909, 

•22, 108. D. R. P. 210107; abst. J. S. C. I. 19(8), 28, 0.50; Mon, Sci. 1912, 
77, 97; Chem. Zentr. 1909, 80, I, 77; Chem. Ztg. Rep. 1188), 33, 314; Jahr 
Chem. 1909, 62, ,535; Wag. Jahr. 1188), 55, I, 410; Zts. ang. Chem. 19()9,- 
22, 1318; Zts. Sehiess. Spreng. 19(8), 4, 2;i5. U. S. P, 1115104, 1914; abst. 
J. S. C. I. 1914, 33, 11.54; Mon. Sci. 191.5, 82, 18. I). R. P. 2120.51, abst. 
Chem. Zentr. 19(81, 80, II, 484; Chem. Ztg. Rep. 1909, 33, 420; Wag. Jahr. 
1188), 55, I, 390; Zts. ang. Chem. 1909, 22, 1810. U. R. P. 212,501; abst 
Mon. Sci. 1912, 77, 179; Chem.- Zentr. 118)9, 80, II, 005; Chem. Ztg. Rep. 
19(8). 33, 44.5; Zts. ang. Chem. 1909, 22, 1811. D. R. P. 212808, abst. Mon. 
■Sci. 1912, 77, 98; Chem. Zentr. 1909, 80, II, 005; Chem. Ztg. Rep. 1909, 

33. 477; Chem. Zts. 1910, 9, No. 1048; Jahr. Chem. 1188), 62, I, .535; Wag. 
Jahr. 1909, 55, I, 410; Zts. ang. Chem. 19(8), 21^ 1811; Zts. Sehiess. Sprung. 
19t)9, 4, 333. I). R. P. 219494; abst. C. A. 1910. 4, 2(832; Chem. Zentr. 1910, 
81, I, 971; Chem. Ztg. Rep. 1910, 34, 142; Chem. Zts. 1910, 9, No. 1924; 
Jahr. Chem. 1910, 63, I, .584; Wag. Jahr. 1910, 56, I, 471; Zts. ang. Chem. 
1914), 23, 1049; Zts. vSi-hiess. Spreng. 1910, 5, 175. I). R. P. 220.539, 1909; 
abst. J. S. C. 1, 1912, 31, 505; Mon, Sci. 1914, 81, 70; Chem. Zentr. 1910, 
81, I, 1397; Chem, Ztg. Rep. 1910, 34, 179; Chem. Zts. 1910, 9, No. 1876; 
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of the Badisclie Anilin & Soda Fabrik, siicc'ee(Jed in devizing a 
furnace of comparatively siniple and unique construetion. ‘He 

Jiihr. Chehi. 1910, 63, I, r)S,H; WiiK. Jalir. 1910, 56, I, l.SO; Zls. aiig, Cliein, 
1910, 23, 10.50; Zts. Schiess. Snreng. 1910, 5, 17.5; C. A. 1910, 4, :1I25. U. 
R. P. 22;i020, 1909; ahst. J. S. C. I. 1910, 29, .S79. C. A. 1910, 4, 29.H7; Mon. 
,Sei. 1914, 81, 77; Cliciii. Zeiitr. 1910, 81, II, 2.54; CiR'in. Ztg. Rei>. 1910, 

34, .442; Jahr. Cliem. 1910, 63, I, .5.4.S; Wap;. Jalir. 1910, 56, 1, 1,41; Zls. aiig. 

Cliem. 1910, 23v 1901; Zt4. .Schiess, Spreii.i;. 1910, 5, 2.57. I). R. I’. 22.'155(i, 

1909; ahst. Mon. Sci. 1914, 81, 7.S; Clicni. Zentr. i9IO, 81, II, 427; Clieni. 
Ztg. Rep. 1910, 34, .'142; Clicm. Zls. 1910, 9, No. 2027; Jalir. Cliein. 1910, 
63, I, .5.4,4; Wag. Jahr. 1910, 56, I, 1,41; Zls, ang. Chem. 1910, 23, 1901; Zts. 
■Schiess. Spreiig. 1910, 5, 297. Arhhi. to 1). R. P. 220,5:!9. 1). R. 1>, 227012; 

ahst. J. S. C. 1. 1910, 29, 1474; Mon, .Sci. Ii»14, 81, .40; Chcin. Zentr. 1910, 

81, H, 144.5; Chem. Ztg. Rei>. 1910, 34, .54,4; Chem. Zts. 1911, 10, No. 2201; 
jahr. Chem, 1910, 63, II. 1425; Wag. Jahr, 1910, 56, 1, 4.59; Zts. ang. Chem. 

1910, -23, 2447; Zts. .Schiess. .Spreng. 1910, 5, 1 11. I). R. P, 229292; ahst. 

Chem. Zentr. 1911,82, 1, 177; Chem. Ztg. Rct>. 1911,35, 11; Zts. ang. Chem, 

1911, 24, .40. 1). R. P. 2297,40; ahst, Mon, Sci. 1914, 81, ,41; Chem. Zentr, 

1911, 82, I, 274; Chem. Ztg. Rep. 1911, 35, 14; Chem. Zts. 1911, 10, No. 
2474; Wag. lahr. 1911, 57, 1, 471; Zts, ang. Chem, 1911, 24, 2.41, 1). R. P, 

24140.5, 1909; alist, J, S. C. I. 1911, 30, 421; Chem. Zentr. 1911, 82, I, .4.52; 

Chem, Ztg. Rcji, I911. 35, 127 ; Wag. lahr. 1911, 57, I, 471: Zts, ang. Chem. 
1911, 24, 50.5, I), R. P. 242920; aiist. Chem. Zentr. 1911, 82, I, 1049; 

Chem. Ztg. Rc|). 1911, 35, 224; Chem. Zts, 1912, 11, No. 2021; Wag Jahr. 
1911, 57, I, 407; Zts. ang. Chem, 1911, 24, S.5(i; Zts. .SchicsS. Spreng. 1911, 
6 , 1.50. I). 74. P. 244729, 1910; ahst. J. S. C. I. 1911, 30, 717; Chem. Zentr, 

1911, 82, I, 144,4; Chem, Ztg. Rep. 1911, 35, 271; Wag, Jahr. 1911, 57, 1, 
400; Zts. ang. Chem. 1911, 24, 949; Zts. Schiess .Siireng. 1911, 6 , 242. Ih 
R. P. 244907; ahst. Chem, Zentr. 1911, 82, I, 1100; Chem. Ztg. Rep 1911, 

35, 244; Wag. jahr. 1911, 57, I, 407; Zts. ang. Chem. PHI, 24, 1004; Zls. 

Scliiess, .Spreng. 1911, 6 , 242. I). R P. 24.5000, ahst. Chem. Zentr. Pill, 

82, II, 170; Chem. Ztg. Rep .1911, 35, .421; Wag, jahr. 1911, 57, II, 40; 

Zts. ang. Chem. 1911, 24, 1.549. I). R. P. 24.5002. 1909; ahst. j. S. C. 1, 

1911, 30, 10.5.4, 1). R. P. 24.57li.5. 2*i.57ti0: ahst, Chem. Zentr. 1911, 82, 11, 

24.4, 249; Chem. Ztg. Rep. 1911, 35, .412, 417; Wag jahr. PHI, 57, 1, 127; 

Zts. ang. Chem, 1911. 24, 1444, 1^41. I). R. 1*. 245.40.S, ahst. Mon, Sci. 

1914, 81, 204; Chem. Zentr, 1911, 82, II. 249; Chem. Ztg. Rep, 1911, 35, 
.404; Wag jahr PHI. 57, I, 42,4; Zls ang. Chem, 1911, 24, 1441, 1). R. P. 

24049.5, ahst. Chem. Ztg, Rep. PHI, 35, .'174; Wag, jahr. PHI, 57, I, 124; 

Zts. ang, Chem. PHI, 24, 1.579, 11. R. I*. 247.502. ahst. Chem.'Zentr. 1911, 

82, II, 412; Chem. Ztg. Re|>. PHI, 35, 444: Wag. jahr. PHI, 57, 1, 104; Zts. 
'ang. Chem. PHI, 24, 17.42; Zts. Schiess, S|)reng. PHI. 6 , 454, I). R. P. 

2477911; ahst Chem. Zentr. 1911, 82, II, 920; C. A. 1912, 6 , 1.575; Chem. 

Ztg Ref). PHI. 35, ,')04: U'ag. jalir. 1911, 57, I, Ifll; Zts. ang. Chem. 1911, 
24, 1,444. 1). R. P. 24,4.407; ahst. C. A. 1912, 6 , 1447; Cliem. Zentr. PHI, 
82, II, 1144, Chem, Ztg. Rep. PHI, 35, .507; Wag, jahr. 1911, 37, I, 400; 
Zts. ang. Chem. PHI, 24, 2024. I). R. 1*. 2.44404; ahst. C, A. 1912, 6 , 14.47; 

Chem, Zentr. PHI. 82, II, 11.44; Chem. Ztg. Ref). 1911, 35, ‘lO.i; Wag. jahr. 
PHI, 57, I, 401; Zls. ang. Chem. 1911, 24, 2029. 1). R. P, 244:109, 1909; 

ahst. C. A. 1912, 6 , 1004; Chem. Zentr, 1911, 82, 11, 1077; Chem. Ztg. Rep. 
1911, 35, 529; Wag. jahr. PHI, 57, I, 404; Zts, ang. Chem, 1911, 24, 2029; 
Zts. Schiess. Spreng. PH W 6, 411. I). R. P. 244954, ahst. C. A. 1912, 6, 

2047; Chem. Zentr. 1911, 82, II, 1:192; Chem. Ztg. Rep. PHI, 35, .547; Wag. 
jahr. PHI. 57, I, 042; Zts. ang. Chem. PHI, 24, 2141. 1). R. P. '249044, 

1912; ahst. J, S. C. I, 1914, 32, 0.57; Wag. jahr. PHI, 57, I, 24; Zts. Itng, 
Chem. 1911, 24, 2224. I). R. P. 2490-19, 1912; ahst. j. .S.oC. I. 1914, 32, 

0.57; C, A, 1912, 6 , 2047, Chem, Zentr. PHI, 82, II, 1497; Chem, Ztg. Ref). 
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found that a stable arc of great length* could be indefinitely main- 
ttiined in the axis of a tube along which a current of air is passed, 

lull, 35, SOI); Wag. Jahr. 1911, 57, I, (ill; Zts. ang. Chem. li/ll, 24, 2274. 
D. R. P. 242288, 248889; alist. C. A. 1912, 6 , 2l.a8, 2299; Chem. Zentr. 1912, 
83, 1. 290, 80.8; Chem. Ztg. Rep. 1912, 36, 43, 171; Wag. Jahr. 1912, 58, 
I, 41.'), 4.'i7; Zts, ang. Chem. 1912, 25, 828, r)9.8; Zt^, Sehiess. Spreng. 1912, 
7, 18,'). 1). R. P. 2,').')782; abst. C. A. 1918, 7, 1447; Chem. Zentr. 191.8, 84, 
1. 47.''); Chem. Ztg. Rep. 1918, 37, 08; Wag. JaRr. 1918, 59, 1, .US; Zts. ang. 
Chem. 1918, 26, 100. D. R. P. 20.')418, 1912; abst. J. S. C. I. 1913, 32, 1008; 
C A. 1914, 8 , 808; Chem. Zentr. 1918, 84, II, 1480; Chem. Ztg. Rep. 1918, 
37, .OOO; Wag. Jahr. 1918, 59, I, Wi; Zts. ang. Chem. 1918, 26, 03t). D. R. 
P. 270188, 1912; abst. J. S. C. I. 191,5, 34, 27; Chem. Trade. J. 191.5, 57.5; 
Mon. Hci. 1917, 84, 78; Chem. Zentr. 1911, 85, II, 80.5; Chem, Ztg. Rep. 

1914, 38, 4;!0; Wag. Jahr. 1914, 60, 1, 807; Zts. ang. Chem. 1914, 27, .525. 
Aust. P. 84170, 34570, 40007, 1909 ; 51418, 51414. Swiss P. 44098, 44094, 
1908; 40188, 51112, Swed. P. ,84400. U, S. P. 911408, 1909; abst. J. S. C. 

I. HM)7, 28, 248; Mon. ,Sci. 1909, 71, 141. U, S. P. 928012; abst. Mon. Sci. 

1911, 75, 99. U. ,S. P. 971.501, 1910; abst. J. S. C. I. 1910, 29, 949; Mon. 
Sci. 191.8, 79, lOO; Chem, Ztg. Rep. 1911, 35, 127. U. S. P. 991174, 9918.50; 
abst. Mon. .Sci. 1912, 77, 17. U. S. P. 998144, ltK)9; abst. J. .S C. I. 1910, 
29, 424; Mon. Si-i. 1912, 77, 18. I'. S. P. 1008279, lfX)0200, 1910; abst. 

J. S. C. I. 1911, 30, 20; C. A. 1912, 6 , 140; ,Mon. .Sci. 1912, 77, 129; Chem. 

Ztg. Rep. 1911, 35, .591. U. S. P. 1018984; abst. C. A. 1912, 6, 071; Mon. 
.Sci. 1912, 77, 1.80. 1’. S. P. 1022851; abst. C. A. 1912, 6 , 1001; J. .Soc. Dyers 

Col. 1912, 28, 199; Mon. .Sci. 1912, 77, 18.5. U. S. P. 1027812, 1910; abst. 
J. S. C. 1. 1911, 30, 80; C. A. 1912, 6 , 1904; Mon. Sci. 1912, 77, 132. U. .S. 
P. 1029.528; abst. J. S. C. I. 1910, 29, 1010; C. A. 1912, 6 , 2,500; Mon. .Sci. 

1912, 77, 188; Chem. Ztg. Rep. 1912, 36, 105. U. S. P. 1039325; abst. C. A. 
1912, 6 , .8499; Mon. .Sci. 1918, 79, 0, IJ. S. P. 1(M8798; abst. C. A. 1913, 
7, 220. ir. s. P. UM0212; abst. C. A. 1918, 7, .508; Chem. Ztg. Rep. 1918, 
37, 190. IT. S. P. 10.5;8951, 1911; ab.st. J. S. C. I. 1912, 31, 885; C. A. 
1918, 7, 1208; Mon. .Sci 1918, 79, 14,5. IJ. S. P. 10.589,52, 1911; abst. J. S. 
C. 1. 1912, 31, 1057; C. A. 1918, 7, 1208; Mon. Sci. 1918, 79, 145. U. .S. P. 
1008900, 100.8907. 1008908, 1008909, 1911; abst. J. S. C. I. 1911, 30, 1115; 
C. A, 191.8, 7, :1208; Mon. .Sci. 1914, 81, 10. U. S. P. 1085.585, 1911; abst. 
J. S. C. I. 1912, 31*i482; C. A. 1!114„8, 994; Mon. ,Sci. 1914, 81, 0.5. U. S. 
P. 10801.80, 1912; abst. J. .S, C. I. 1918, 32, 1010; C. A. 1914, 8 , 1198; Mon. 
Sci. 1914, 81, 97. V. S P. 108918,5, H1I2; abst. J. .S. C. I. 1918, 32, 233; 
C. A. 1914, 8 , 1490. U. S, P. 1094182, 1918; abst. J. S. C. I. 1914, 33, .549; 
C. A. 1914. 8 , 2089; Mon. .Sci. 1914, 81, 137, U. S, P. 1094194, 1910; abst. 
J. S. C. I. 1911, 30, 1012; C. A. 1914, 8 , 2039; Mon. Sci. 1914, 81, 187. 11. S, 
P. 109.542.5, 109.5420, 109.5427; abst. C. A. 1914, 8 , 2119; Mon. Sci. 1914, 
81, 141. 11. S. P. 1118028, 1915; abst. J. S. C. I. 191.5, 34, 29; Mon. Sci. 

1915, 82, 18. Add. dated May 24, 1912, to P. P. 425099, abst. J. .S. C. 1. 

1912, 31, 1125; C. A. 1912, 6 , 1909; Chem. Ztg. Rep. 1911, 35, 342. D. S. 

P. 11285.80, 1912; abst. J. S. C. I. 1912, 31, 922. U. S. P. 1128843, 1912; 
abst. J. S. C. I. 1912, 31, 1031. U. S. P. 1140510, 1912; abst. J. S. C. I. 
1912, 31, 721. 11. .S. P. 1148570, 1910; abst. J. S. C. I. 1911, 30, 1012. 
II, S. P. 11.52930, 1915; abst. J. S. C. I. 191.5, 34, 10.5,5. F. P. 42,5099, 1910; 

. abst. J. S. C. 1. 1915, 34, 1055; C. A. 1912, 6 , 1969; Chem. Ztg Rep. 1911, 
35, 342. 11. S. P. 1158107, 1911; abst. J. S. C. 1. 1912, 31, 432. U. S. P. 

120299.5, 1909; abst. J. S. C. I. 1910, 28, 4»8; J. S. C. I. 1910, 35, 1218. 

U. S. P. 1211394, abst. J. S. C. 1. 1910, 35, 215. K. P. 5088, 1904; abst. 
J. S. C. I. 1905, 24, 201. E. P. 20602, 1904; abst. J. vS. C. I. 1915, 24, 1178. 
^S. P. 149.55, 1905; abst. J. S. C. I. 19(H). 25, 8 ',M). K. P. 9279, 1906; abst. 
J. S. C. I. 4907, 26, ,54. K. P. 2414, 1908; abst. J. S. C. I. 1908, 27, 809; 
1909, 28, 243. E. P. 10867,1908;abst. J. S. C. I. 1909, 28, 6.50. E. P. 20406, 
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the stability of the arc being siaterially increased by imparting 
the air a vortical motion. From the present exhaustive trials, 

1908; abst. J. S. C. I. 1909, 28, .KK), 989. E. 1>. 2,'’.25, 1909; abst. J. S. C. I. 
19(», 28, 309. 'E. P. 1040.';, 19(W; abst. J. S. C. I. 1910, 29, 423. E. P 
108t)7, 1909; abst. J. S. C. I. 1910, 29, 425; Chim. Ztg. Rep. 1910, 34, 315. 

E. P. 11274, 1909; abst ,I. S. C. 1 1910, 29, 7,57. E. P. 1.7042, 1909. F. P. 

411440; abst. J. S. C. I. 1910, 29, 949, 12,50. E. P. 179,51, 1909. F. P. 
400943; abst. J. is. C. I. 1910, 29, 488, 10.57. E. P. 20129, 1909; abst. J. S. 
C. I. 1910, 29, 095. E. P. 20.502, 22715, 1909; abst. J. S. C. I. 1910, 29, 
1107. E. P. 30380, 1909; abst. J. S. C. 1. 1910, 29, 9.50. E. P. 30.502, 1909. 

F. P. 411074; abst. J. S. C. I. 1910, 29, 949, 1455. E. P. 30,503, 1909; abst. 

J. S. C. I. 1910, 29,949. F. P. 411074; abst. J. S. C. 1. 1911, 30, 87. E. P. 
.5382, 1910, F. P. 4180.59; abst. J. S. C. 1. 1911, 30, 20, 489. E. P. 10441, 
1910; abst. J. .S. C. 1. 1911, 30, 87. F. P. 410877, 1910; abst. J, S. C. I. 

1910, 29, 1378. E. P. 13097, 1910. F. P. 418134; abst, J. S. C. 1. 1911, 

30, 8.5, 748. E. P. 14023, 1.5973, 1910. F, P. 41.8287; abst, J, S. C. 1. 1911, 

30, 8.5, 9.57; 1910, 29, 14,53. I'. P. 10308, 1910. F. P. 418125; abst. J. S. 

C. I. 1911, 30, 80, 302. E. P. 19249, 192.50. 19251, 1910; F. P. 425099; abst. 
J. S. C. 1. 1911, 30, 1012, 1110; C. A, 1912, G, 1340; Cliem. Ztg. Hep. 1911, 

35, 575. E. P. 1927)0, 1910; abst. J. ,S, C. I. 1911, 30, 1012. E. P. 19251, 

1910; abst. j. S. C. I. 1911, 30, 1012; Cliem, Ztg. Rep. 1911, 35, 57.5. E. P. 
19778, 1910, F. P. 429090; abst. J. S. C. I. 1911, 30, 1211, 12.53. E. P. 
20127, 1910; abst, J. S. C. 1. 1911, 30, 747. E. P, 01, 1911; abst. J. 8. C. 1. 

1911, 30, 10.57; J, ScK'. Dyers Col. 1911, 27, 241. E. P. 583.3, 1911; abst, 

J. S. C. I. 1911, 30, ril5; C. A. 1912, 6, 2.5<K). E. P. 5834, 1911; abst. J. 8 . 
C. I. 1911, 30, 111.5. E. P. .583.5, 1911; abst, J. 8 . C. I. 1911, 30, 1115; C. 
A. 1912, G, 2.5IK1. E. P. .5830, 1911; abst. J. 8 . C. I. 1911, 30, 1115. E. P. 

211.51, 1911; abst. J. 8 . C. I. 1912, 31, 10.31; C. A. 1913 , 7, 1083. E. P. 

240.57, 1911. F. P. 430472; abst. C. A. 1913 , 7, 404; J. 8 . C. 1, 1912, 31, 
432, 817; Cliem. Ztg. Rep. 1912, 3G, .5.81, E. P. 2.5252, 1911. IC P. 430472; 
abst. C. A. 1913, 7, 1.589; J. 8 , C. I. 1912, 31, 432, 923. E. P. 20749, 1911; 

abst. J. 8. C. 1. 1912, 31, .385; C. A. 1913, 7, 1789; Clictn. Ztg. Rep. 1912, 

36, ,390. E. P. 28107, 1911. F. P. 42.5099; abst. J. S. C. I. 1912, 31, 1125; 

1913, 32, 85; C. A. 1913, 7, 19.5,8. E. P. 334.5, 1912; abst. J. 8. C. 1. 1912. 

31, 1031; C. A. 1913, 7, 2008. li. P. 8117, 1912: I'. P. 4444.5.5; abst. J. 8. C. 

I. 1912, 31, 1120 ; 1913, 32, 2.89: C. A. 1913, 7, 283,8. E. P. 9841, 1912; 

F. P. 432472; abst. C. A. 1913, 7, 3,533: J. 8. C. 1. 1912, 31, 432; 1913, 32, 
289. E. P. 9812, 1912; F, P. 431295; abst. J. 8. C. I. 191.3, 32, 233, 2,89; 

C. A. 1913, 7, 2838. E. P. 22.3.52, 1912; alist. J. 8. C. I. 1913, 32, 487, 818; 

C. A. 1914, 8, 990. E. P. 2.5259, 2.5200, lOlU; abst. J. 8. C. 1. 1913, 32, 909, 
11.55; C. A. 1914, 8, 407, 1498; Chetti. Ztg. Rep. 191.3, 37, 031. Iv. P. 20770, 
1942; abst. J. 8. C. I. 1914, 33, 22; C. A. 1914, 8, 1049; Chem. Ztg. Rep. 

1914, 38, 128. E. P. 28200, 1912; abst. J. 8. C. I. 191.3, 32, 1(K)9; C. A. 1914, 
8 , 1859. E. P. 29200, 1912; abst. J. 8. C. I. 191.3, 32, 1010; C. A. 1914, 8, 
990; Chem. Ztg. Rep. 1913, 37, 095. E. P. 9203, 1913; F. P. 4042.37; abst. 

J. S. C. I. 1914, 33, .549, .593; C. A. 1914, 8, 33.55. E. P. 90.54, 1913; F. P. 
4.58951; abst. J. 8. C. 1. 1913, 32, 11,5.5. E. P. 12977, 1913; absl. J. 8. C. I. 
1914, 33, 483; C. A. 1914, 8, .3842. E. P. 132.58, 1913; abst. J. 8. C. 1. 1913; 

32, 1010. E. P. 2482.3, 191.3; F. P. 400.30.3; abst. J S. C. I. 1914, 33, 045, 
7.50, E. P. 1.3087, 1914; abst. J. 8. C. I. 191.5, 34, 901. IC. P. 13818, 1914; 
abst. J. S. C, I. 1915, 34, 799. E. P. 13,58, 1915; abst. J. 8. C. I. 1910, 35,' 
089. E. P. 7051, 1915; abst, J. 8. C. I. 1910, 35, 1015. E. P. 13297, 1915; 
abst. J. S. C. I. 1910, 35, 1108. E. P. 13298, 1915; abst, J. S. C. I. 1910, 35, 
1015. F. P. 3.50392; abst. J, S, C. I. 190.5, 24, 1178; Zts. Elcktrochem, 1900- 
1907, 13, 214; Mon. ,Sci. 1911, 75, 57.3. F'. P. 3573.58, 1911; abst. J, 8. C. I. 
1911, 30, 905; Mon. Sci. 1911, 75, ,571, .572, F. P, 303043; abst. Mon. Sci. 
1907, 67, 92. F. P. ,372714, llMKl; abst. Mon. Sci, 1908, 69, 82; Chem, Ztg. 
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it, would now appear that this furnace is destined to win 
recognition as an even more efficient device than tjiat of K. 
Birkeland and S. Eydc. The fundamental patent of Schdnhcrr' 

Kep. l',)07, 31, 207. F. P. :I87()01; abst. Mon. Sci. 1000, 71, 100; Cheni. 
ZlK- Kci). 1008, 32, -112. F. P. 387(M)2; abst. J. S. C? I. 1008, 27, 800; Mon- 
Sci. 1000, 71, 100. Iinlia P. Appl. 26, 1004. F. P. ;)06;i7.5; abst. J. S. C. I 

• lOOil, 23, .')00; C. A. 1011, 5, S-W; Mon. Sci. 1010, 73, 101; Clicm. ZIk. Kcp. 
1000, 33, 311. F. P. 3087.38, 1000; abst. I. S. C. I. 1000, 28, 884; Mon. Sci- 
1010, 73, 103; Chcni. Ztg. Rep. 1000, 33, 300. F. P. 40.")712. 100!); abst- 

I. S. C. 1. 1010, 29, 424, 0,50; Mon. Sci. 1910, 73, 172; Cliem. Ztx. Rep. 1010. 
34, 03. F. P. 400043, 190<); abst. J. S. C. I. 1910, 29, 488; Mon. Sci. 1910, 
73, 17.5; 1014, 81, 1.52; Chem. Ztg. Rep. 1010, 34, 120. F. P. 410710, 411440, 
1010; abst. J. S. C. I. 1910. 29, 940; C. A. 1012, 6 , 100.5; Mou. Sci. 1013, 
79, 74; Chem. Ztg. Rep. 1010, 34, 41.5. F. P. 411,574; abst. Mon. Sci. 1911, 
75, 170. F. P. 411074; ab.st. J. S. C. 1. 1910, 29, 404, 040; Mon. Sci. 1013, 
79, 75; C. A. 1012, 6 , 1903; Chem. Ztg. Rep. 1910, 34, 415. F. P. 412788, 
1910; .abst. J. S. C. 1. 1910, 29, 1010; 1911, 30, 084; C. A. 1012, 6, 1005; 
Mon. Sci. 1013, 79, 70; Chem. Ztg. Rep. 1010, 34, 481; 1911, 35, ,300. F. P. 
li;{421, 1910; ab,st. J. S. C. I. 1910, 29, 1117. F. P. 410877,‘lOlO; abst. 

T. S. C. I. 1010, 29, 1378; C. A. 1912, 6 , 1900; Mon. Sci. 1913, 79, 83; Chem. 

Ztg. Rep. 1010, 34, t>;!2, F. P. 417490; 1010; abst. J. S. C. 1. 1911, 30, 20; 

C. A. 1012, 8 , 1000; [. Soc. Dyers Col. 1010, 26, 260: 1012, 28, 332; Chem. 
Ztg. Rel). 1011, 35, 8 fi. F. P. 4180.50; 1010; abst. J. S. C. I. 1011, 30, 20; 

Mon. Sci. 1913, 79, 85. F. P. 418287; 1010; abst. J. S. C. I. 1911, 30, 8,5; 

Mon. Sci. 1913, 79, 80. F. P. 418425; abst. Mon. Sci. 1913,'79, 8(>. F. P. 

418434: 1910; abst. J. S. C. 1. 1911, 30, 8.5. F. P. 418825; 1910; abst. J. S. 

C. I. 1011, 30, 80. F. P. 418892; abst. J. S. C. I. 1910, 29, 1107. F. P. 
42.5000; 1910; abst. J. S. C. I. 1911, 30, 1012, 1125; 101.5, 34, 10.55; C. A. 
1012, 6 , 1!H)9; Chem. Ztg. Rep. 1911, 35, 342. U. S. P. 11.529.30, J. S. C. 1. 
1915, 34, 10.55, Adcln. dated May 24, 1912, to F. P. 42.5009; abst. J. S. C. I, 

1012, 31, 1125; U. S. P, 1118fi2S, 1914; abst. J. S. C. I. 191.5, 34, 20; Mon. 
Sci. 1015, 82, 18. F P. 429090; 1011; abst. J. S. C. 1. 1011, 30, 1211; Mon. 
.Sci. 101.3, 79, 120; Chem, Ztg. Rep. 1012, 36, ,57. F. P. 43120.5, 1011; abst. 

J. S. C. 1. 1011, 30, 1.381; 191.3, 32, 233, 0.57; Mon. Sci. 1913, 79, 120. F. P. 

430472, 1011; abst. J. S. C. 1. 1912, 31, 432; Mon, Sci. 101,3, 79, 133. F. P. 

430080, 1011; abst. J. S. C. I. 1912, 31, 385; Mon. .Sci. 1913, 79, 134. F. P. 

439201, 1912; abst. J. S. C. 1. 1012, 31, 721; Mon. Sci, 1913, 79, 137. F. P. 

• 44109.5, 1912; abst. J S. C. 1. 1912, 31, 922; 1913, 32, 142. F. P. 4444.5.5, 

1912; alxst. J. .S. C I. 1012, 31, 1120. F. P. 449010, 1912; abst. J. S. C. I. 

1013, 32, 487; C. A. 1013, 7, 2839; Mon. .Sci. 1914, 81, 4; Chem. Ztg. Ren. 

1013, 37, 247. F, P. 4.5090.3, 1912; abst. J. S. C. I. 101.3, 32, lOtK); C. A. 

1014, 8 , 400; Chem. Ztg. Rep. 191.3, 37, 034. F. P. 45)8218, 1012; abst. J. 

S. C. 1. 101.3, 32, 1010; Chem. Ztg. Rep. 191.3, 37, 00,5. F. P. 15)80.50, 1012; 

ab.st, J. S. C, I. 1013, 32, 009; Mon. ,Sci. 1014, 81, 72. F. P. 4.58051, 1013; 

abst. J. S. C. 1. 1013, 32, 11.5.5. F. P. 4IU327, 191,3; abst. J. S. C. I. 1914, 

33, .540. F. P. 4C)0;J03, 1913; abst. J. H. C. 1. 1014, 33, 045; Mon. Sci. 1910, 
83, 14; Chem, Ztg. Rep. 1014, 38, .547. .Sec also A. Bernlh.scn, 8th Inti. 
Cong. Appl. Chem. 1912; abst. .T. .S. C. 1. 1912, 31, 982; C. A. 1912, 6 , .3497. 

V. Perkins, Chem. Ung. 1013. 18, 238; abst. C. A. 1014, 8 , 1001. O. Schdn¬ 
hcrr, Zts. ang. Chem. 1908, 21, 1033; Trans. Amer. Klectrochem. Soc. 1909, 
16, 131; Chem. Zentr. 1!K)8, 79, II, 1136; Wag.’jahr. 1908, 54, I, 426; C. A. 
1909, 3, 1619. F. Haber, Australia P. 19327, 1910. D. R. P. 48100, 1909. 

R Wiegotaski, U. S. P. 1054880, 1001892; abst. C. A. 1913, 7, 2163. E. P 
2105, 2214, l;,)1.3; abst. J. S. C, I. 191,3, 32, 432, 005, 1070. F. Wiegolaski 
and A. Schoiflierr, U. S. P. 1028516; abst. J. S. C. I. 1910, 29, 1117. 

1. D. R. P. 201279, 1905; Chem. Zeutr. 1908, 79, I, ]i;i9; Chem 
Ztg. Rep. 1908, 32, 532; Chem. Zts. 1908, 7, No. 1012; Jahr, Chem. HH)5- * 
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was issued iti 1905 and rather than being an elaboration and per¬ 
fection of 'the essential features of the Norwegian invention, 
possesses many thoroughly unique and fundamental principles of 
basic merit. In place of the great disk of electric flame, he 
develops a long, slender arc confined in the axis of a narrow iron 
tube, as shown in illustration in lug. OS and in section in I'ig. 
09, through which a current of air is forced. 

The vSehonherr furnace now in use comprizes a somewhat 
slender vertical column of iron plate 2li feet in height, lined with 
a refractory non-conductor, three concentric tubes of iron being 
in the Center core. 'I'he inner tube, 0 inches or less in diameter, 
is the reaction chamber; the others forming channels for tlie 
entrance of the air current, and for its exit after coming in contact 
with the arc. The arrangement is such that a large proportion 
of the heat in the outgoing stream of gas is imparted to the in 
coming current. 

At the lower extremity of the reaction tube is an iron bar 
serving as tfie main electrode, movable in a vertical direction 
through an opening in one terminal of the electric current. 'I'lie 
copper terminal is hollow, permRting the circulation of a supply 
of cold water, so adjusted as to prevent an undue rise f)f tem¬ 
perature. The adjustable iron electrode projects slightly alxjve 
the surface of the terminal, and "is raised a little from time to 
time as the end is worn away b^' the arc. 'I'lie electrodes when 
in active use are said to last about three months, it being hut a 
matter of a few minutes to substitute a new electrode for an old 
one. The electrode cost is said to be less than two cents per 
kilowatt year. 

The iron reaction tube fulfds the function of the second 
electrode, and is in direct connection with the inclosing tubes 
and the other metallic parts of the furnace and the eleitfent of 
danger is minimized by grounding the entire system. By means 
of a lever the space between the main electrode and the lower 
extremity of the tube can be bridged over by a metallic connec¬ 
tion and the arc be forrrfcd. The same device permits of a re¬ 
lighting in the usual ca,sc of arc being extinguished.' 

A distinctive and novel feature in the furnace is the pro- 
1908, I, 1772, lOfW, 62, .T29; Wag. Jalir. 1908, 54, I, tIO; Zts. ang. Chcin. 

J908, 21, 2;i.30. 

1. !•', Haber and A. Koenig, Zts. Klektrocliein. 1910, 16, 11; abst. 
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vision for the admission of air. TBe air current, forced l)y a 
powerful aspirator, enters the lower part of the circuity space 
between the two outer tubes. The larger tube is heated by a 
current of the gaseous products of the operation passing down¬ 
ward through the channel lying between it and the external walls 
of the furnace. The upward passageway ot the entering current 
terminates at two-thirds of the height of the reaction tube, and 
the air, already heated to some extent, descends by the inner 
circular channel, in immediate contact with the hot walls of the 
reaction tube, to its lower extremity. Here it enters the chamber, 
or space, containing the main electrode. The entry is through a 
number of small openings arranged in several horizontal rows in 
the sides of this circular chamber. The orifices are tangential 
to the walls of the chamber. The current of gas then, passes 
through the reaction tube, issues from its upper extremity, and 
descends in the external circular passageway already mentioned. 
A water jacket surrounds the upper third of the reaction tube. 
•Small windows, protected by mica, allow a view of the chamber 
containing the main elcctroele, and also of the space immediately 
above the reaction tube. 

'I'he kindling of the arc is brought about by pressure on an 
(xternal lever, which causes a metallic bar to slip into position 
between the main electrode and the lower end of the reaction 
tube. As the bar is connected electrically to the latter it acts 
temporarily as a second electrode «nd the arc springs into ex¬ 
istence. Various other methods have also been used successfully. 
A moistened shaving of wood introduced into the free sjiace 
suffices to so increase the conductivity of the air that the dis¬ 
charge can take place. Or a small flame directed into the open 
space will heat the air sufficiently to raise its conductivity to the 
point at which an arc can bridge over the space between the 
electrodes. A block of wood wound with wire has also been em¬ 
ployed; and the discharge of a blank pistol cartridge into the 
chamber will likewise bring about the desired result. 

The arc springs into activity in the mffist of a rapidly mov- 

C A. 11)10, 4, 717; Chciii. Zentr, 1910, 81, I, UOt. O. .Sr-hoiiherr, Trans. 
Amer. Klcetrochcm. Soc. ItMM), 18, 101; ICkktroteehn. Zls. lOOi), 30, OOH. 
0t)7;*C. A. 190!), 3, Kill); 1910, 4, 1101, 1940; Chetn. ling. 1910, 11, 129. 
U. &ott, J. ,S. ®. 1. 191.'), 34, 110; Smithsonian Reports, 1910, O.'il); Chem. 
Trade J. 191,5, 56, 40; abst. C. A. 191,5, 9, 1270, 1274. 
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ing current of air. As a result it is swiftly drawn upward, so that 
it forms a slender column of flame occupying the axis of the reac¬ 
tion tubg for its entire length. It is intensely luminous, but burns 
quietly and noiselessly. The flame does not come in contact with 
the reaction tube except at its upper extremity. A second elec¬ 
trode can be stationed near the top, in which ca,se it is not neces¬ 
sary that the reaction chamber tube should be of metal. I'he 
initial lighting is accomplished by introducing a wire momentarily 
between the two electrodes. These long constant flames are of 
the greatest interest to physicists, as hitherto arcs of any con¬ 
siderable length have been of uncertain duration. With a ten¬ 
sion of less than 4,000 volts, Schonherr has secured columns of 
flame 2(1 feet in length; greater lengths can probably be pro¬ 
duced. h'or technical purpo.scs a flame of 2;! feet seems to l)e 
the most practical. The movement of the ascending column of 
air in the reaction tube is a feature of dominating im])ortancc. 
It enters the chamber about the lower electrode under a ])ressurc 
of .')() to 100 centimeters of water and is raised to a temperature 
of .>00° C. by the heat transmitted by the outgoing current. A 
higher temperature does not seem safe in an apparatus constructed 
of wrought iron, and the movement of the current is adjusted 
so as to prevent overheating. It is, however, the ra])idity of 
movement that controls the length of the flame and it must not 
fall below a certain rate. The chief ))cculiarity of this flame 
results from the method oh its introduction into the electrode 
chamber, i. c., tangentially through a number of smalt openings; 
the total section of these openings is less than that of the circular 
canal conducting the air, thus insuring a uniform ])rcssure in the 
numerous minute currents on entering the chamber. As a result 
a very pronouiux'd vortical motion is imparted to the entire as¬ 
cending column of air, a motion .so strong that there is a material 
dilTerence in pressure between the axis of the vortex, occupied 
by the column of flame and the outer sections of the current. 
As the air nears the top of the tube, the spiral motion gradually 
loses its intensity and the characteristics of a gaseous vortex are 
less pronounced. Numerous variations in the manner of intro¬ 
ducing the air current have been tested. Fairly gewd results have 
been*secured by admitting it above the main electrode; it has 
also been admitted directly into the reaction tube through small 
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orifices or slits of different shapes aTid positions. The controlling 
faftor is the production of the pronounced vortical inotion. A 
slight deviation from the horizontal location of the openings, as 
described, seems favorable for this purpose. 

The best results have followed a somewhat more complicated 
system of introducing the air. By forcing hot air into the lower 
chamber immediately above the electrode, and cold air a little 
higher up, it is possible to create a vortical column, the center 
of which is much hotter than the inclosing strata. There are 
certain evident advantages in this arrangement for producing a 
maximum effect in the chemical reaction. In a recent patent 
(German patent 221)202) the “Badtsche” company proposes to 
impart a spiral motion, in opposite directions, to the two columns 
—the central “core” and the inclosing mantle. , 

The reaction is identical with that obtained in the Birkcland 
and Eydc furnace. The union of nitrogen and oxygen to form 
nitric oxide takes place in contact with the electric flame. As*the 
products escape from the zone of great heat into the colder outer 
portions of the current the temperature falls so rapidly that the 
reverse reaction (the splitting up of nitric oxide into its constit¬ 
uents) is prevented to a notable degree. This cptick cooling, 
which is all-important in securing a good yield, is further facili¬ 
tated by inclosing the upper third of the lube with a water jacket. 
The net result is that the air current issues from the top of the 
reaction tube with a temperature*of only 1200° C., and that the 
amount of nitric oxide present, as a product of the brief contact 
with the arc, is materially above 2/f, reaching even at times, it 
is claimed, 2.5%. As compared with a Birkcland and Kyde fur¬ 
nace, the Schonherr device, apart from its somewhat higher yield, 
is characterized by its simplicity of construction and its durability. 
There are no movable parts, except of necessity the lower elec¬ 
trode, there is no costly electromagnet, and use is made of ordinary 
iron piping in building a furnace. The degree of safely in ojierat- 
ing such a furnace is marked. 

In one respect Schonherr boldly differed from the accepted 
rules for securing a maximum yield of nitric oxide. Instead of 
aiming to have a given volume of air remain momentarily in 
contact witjj the arc and then come into a zone of colder air or 
pass over a chilled surface, he forces the entire volume to remain 
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for a meastirabk' length of tihie within the range of aetivily of 
the are, while passing the entire distance through the long narrow 
reaction tube. The same end is attained, however, and ajrpar- 
ently somewhat more successfully, by imparting a vortical move¬ 
ment to the aseend'ing air column (with its resftltant lowering of 
pressure in the center), by cooling the lower section of the reaction 
tube with the help of the inflowing current, and by cooling to a 
still greater degree the upper section of the tube with the aid of 
water. This means, of course, that temperatures fall very rapidly 
between the arc and the walls of the tube. It should be men¬ 
tioned in this connection that Prof. (Uiye, in his experiments 
with a Schonherr tube, finds that the immobility of the long arc 
is not due to the vortical motion of the air current. The flame 
is quite as stable when air enters freely at the lower end of the 
reaction tube. This property he attributes rather to the in¬ 
creased viscosity of air at the high temperature prevailing in the 
center of the are. An increase of oDd" C. in temperature means 
1 quintupling of the viscosity of nitrogen. 

Schonherr has rightly pointed out that for the maximum 
continuous formation of nitrous gases by the action of high tem¬ 
peratures under ordinary eireumstanees, the highly heated air 
must be rapidly cooled. 

The chemistry involved in the process, and in general in the 
Birkeland-Ivyde and Pauling processes is as follows; 

In the electric furnace from down to 1000° nitric 

3xidc, a colorless gas, is formed - 

Nb + = 2N() (nitric oxide). 

In the oxidation chambers, etc., from .">00° down to .bO®, the 
'cd-brown gas nitrogen peroxide is formexl - 

2N() + (>2 = 2N()'. (nitrogen jjeroxide). 

Ill the four acid absorption towers the nitrogen peroxide com 
lines with water to form nitric acid and nitrous acid - 

2N(), + II.f) = IIN'O., -f HN()..( nitrous acid). 

As the nitrous acid is unstable in an aqueous solution it gives 
litric acid and nitric oxide ' 
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:5HN()2 + II/) = IINO.i + 211,0 + 2NO (nitric oxido). , 

Tlie nitric oxide then coinhincs with more oxvj'cn to form 
aj^ain nitrogen peroxide, and the aboxe e(|nations are repealed 

2X0 ^ O, = 2NOo (nitrogen peroxide). 

What is left of the nitrogen peroxi<le and nitric oxide gases 
pass to the fifth tower, when tliey meet sodium hvdroxidi' to form 
sodium nitrite 

NO, + XO + 2X'aOII = 11,0 -|- 2XaX’0, (sodium nitrite). 

Tile nitric acid of 10', solution is sjiraved onto ealeium eat- 
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.lionate, and the earhon dioxiile gas is drivt’ii olT, leaving ealeium 
nitrate 

211X0;, + CaCO, = Co, + 1I.,0 + CatXO;,),. 

'file solution is then jnimped into soliflilieation pans, under 
which cold air is circulated to accelerate cooling, and the nitrate 
of lime stiffens into a brittle, crystalline mass. This is brokyn 
up into lumps, which pass to ball crushing mills, where it is re¬ 
duced to a granular state. The coarse powder is then raised by 
an elevator into a hoiijier, from the bottom of which it falls ip to 
barrels which hold two hundred-weight. These barrels are lined 
with paper to guard against damp. 
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K. Birkeland and S. Eyde Nitftc Acid Process.' These in- 
venliotis relate to a series of [iroeesses- for (he treatment of mix¬ 
tures of gases for obtaining a combination of atmospheric oxygen 
and nitrogen in the formation of nitric acid and nitrates, and as 
a commercial jiroposition, has been highly successful. 'I'he essence 

» 1. K. Biriceland, Trans. I'arady .Soc. I'.KKi, !),S; Klectroeliciii. Mctall. 

liid. I!KK). 4, 2!(r), LTndustria Chiuiica. 7, (5; alist. C. A. 11107, 1, IKiO, 
K. Birkeland and ,S. Ivyde, Chcin. 7-tg, kep. 1007, 31, .SI; 1000, 33, .')(i2. 
K. Birkeland and S. Garlield, Met, Clieni. Knx. (Oil, 9, 100. B. Bidder, 
CTieni. Ind. 1011, 34, 210. N. Biisvold, Clieni, Zlg. 1011, 38, 700, A. Cross- 
ley, Zts. Ivleclrochem. 100.'), 11, 2H2. Anon. linginceriuK, lOOO, 88 , Oil. 
li. Dingslage, Cheni. Z(g. 1011, 35, lOlo. ,S. Hyde, Chem. Ztg. 1000, 33, 
200; 1012, 36, 1002; J. kov. Soe. Arts, 1000, 57, .aOo; J. .S. C. 1. 1000, 28, 
1214. J. Ind. ling. Cliem. 1012, 4, 771. Chem. Hngr. 1012, 16, 1,S.S. O. 
I'lnsin, Chem. Iml. 1014, 37, r)2.V P. Prankland, J. S. C. I. lOlo, 34, 010; 
Zts. ang, Chem. 101.'), 28, III, 000. h'. Haber and ,A. Koenig, Zts. Hlektro- 

ehem. 1010, 16, 11. .S. Hale, Chem. Ztg. 1011, 35, 1100. W. Herman, 
Chem. Ztg. 1010, 37, 01,S. W. I.aiidis, J. Inil. ling. Chem. lOl.S, 7, 400; 
1010, 8 , I.IO. Met. Chem. ling. lOla, 13, 210; 1010, 14, 200. Maiziercs, 
lingrais, 26, 1001; ahst. C. A. 1012, 6 , 1040. K. Mason, Mining. ,Sei. Press 
1010, 113, 205; abst. C'. 1011), 10, 201 !). li. Perkins, Chem. Ting. 18, 

2:!,S; Chem. Ind. lOI-l, 37,221. li. .Seoll, Xalnie, 1012, 89, 400; abst. J. Ind. 
ling. Chem. 1012, 4, 010. A. .Slntzer and S. Gov. Chem. Ztg. 1011, 35, 
SOI; Chem. Ind. 1012, 35, 00. li. .Seott, J. .S. C. I. 1015, 34, 114; J. vSoe. 
Arts. 1012, 60, 150. K. Washburn, Trutis. .\m. lileetroehein. Sue. 1015, 27, 
.0,S5. Met. Cluan. ling. 1015, 13, 000 . (). Witt, Chem. Ind. 1005, 28, 700; 
Chem. Trade J. 1011, 48, 4.54; 1011, 49, 002; ;ibst. Chem. Centr. 1000, 77, 

I, 400. 

2. Ti. P. 20010, 1000. li. P. 20000, 1004; ab..t. J. S. C. 1. 1005, 24, 
04. li. P. 2K0I0, 1004; abst. J. S. C. I. P.K)5, 24, 010. li. P. 2SOI4, 1001; 
abst. J. S. C. I. 1005, 24, 010. !•'. P. 00502!), P.lOO; abst. J. ,S. C. I. 1004, 23, 
100. li. P. 0.525, 1005; abst. J. S. C. 1. 1005, 24, .S!t5; Zts. ang. Chem. 1005, 
18, IHl.S. li. P. 10X85, 1007; abst. J. S. C. I. 100.S, 27, 417. li. P. 25002, 
1007; abst. J. S. C. I. 1008, 27, 710. li. <!’. 0205, BIOS; abst. J. S. C. 1. 1008. 
27, ,501. 1). k. P. 1705.85; abst. Chem. Centr. 1000, 77, II, 184; Chem. 

Ztg. loot), 30, .5.88; Chem. Zts. 1007, 6 , 10; Jahr. Chem. 10)15 1008, 1, 1700. 
1705; Wag. Jahr. 1000, 52, I, 4,50; Zts. ang. Chem. 1007, 20, 024. I). R. P. 

*170825; abst. Chem. Zentr. 1007, 78, I, 015; Chem. Ztg. kep. 1007, 30, 8 t; 
Jahr. Chem. 1005 100,8, I, 1705; Wag. Jahr. 1000, 52, 1, 451; Zts. ang. Chem 
1007, 20, 1027, I), k. P, 1708,82; abst. Mon. .Sci. 1000, 71, 74; Chem. Zentr. 

1007, 78, I, 015; Jahr. Chem. 1005 1008, I, 1705; Wag. Jahr. 1007, 53, I, 
001; Zts. ang. Chem 1007, 20, 1027; Zts. Sehiess. Siireng. 1007, 2, .54. I). 
U. P. 18.8201; abst. Chem. Zentr. 1007, 78, II, 1040; Chem. Ztg. kep. 1007, 
31, 501; Jahr. Chem. 100.5-100,8, I, 1708; Wag. Jahr. 100,8, 54, 1, 410, Zts. 
ang. Chem. 100,8, 21, 5,5,8. I). R. P. 211445; abst. Chem. Zentr. 1000, 80, 

II, 1.500; Chem. Ztg. kep. 1000, 33, .502; lahr. Chem. 1000, 62, 1, 000; Wag. 
Jahr. 1000, 55, I, 002; Zts. iing. Chem. 1000, 22, 2,007. 1). R. P. 208828; 
alvit. C. A. 1011, 8 , 2200; Chem. Zentr. 1014, 85, I, .500; Chem. Ztg. Rep. 
1014, 38, 128; Wag. Jahr. 1011, 60, 1, 0.87; Zts. ang. Chem. 1014, 27, 124. 
D. R. P. 2,84042; iib.st. Chem. Zentr. 101.5, 86, *1, 1207; Chem. Ztg. Rep. 
101.5, 39, 207; Zts. ang. Chem. 101.5, 28, 205. D. k. P. 287007; abst. Chem. 
Ztg. kep. I>)1,5, 39, 087; Zts. ang. Client. 101.5, 28, ,500. H, S. P. 772802; 
abst. J. S. C. I. 1004, 23, 1007; Mon. Sei. lOlKi, 65, 007; Chem. Zts. 1005, 
4, 17. U. S, B. 77512.0; abst. Mon. Sei. 1000, 65, 007. U. ,S, P. 8t)2020, 
807277, 880401. U. S. P. 000082; abst. J. S. C. 1. UKIO, 28, 00; Chem. Ztg. 
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of the process and its many Inodifications is the subjection of the 
atmosplieric gases to the electric arc of peculiar construction, 
formed between electrodes placed in a powerful magnetic field. 

J. Pliicker in 1,S()1‘ showed how a disc of sparks is produced, 
when induction sparks from a large inductettium are caused to 
pass between electrodes, situated in the equatorial plane between, 
the poles of a U-shaped electromagnet, similar discharges being 
experimented with later by D. Solomon,^ W. Nernst,’ K. Jcllinek'' 
and Lehmann.^ 

In the original process, in oxidizing gases by means of the 
electric arc, more especially for obtaining nitrogen oxides from 
Rep. 33, ry.l U. S. P. iHKI.W, 1011(118. f. S. P. IITTH.W; abst. J. 
S. C. I. lOKi, 35, .580. U. S. P. 12()0:!21; al)st. I. .S. C. I. 1010, 35, 1288. 
U. S. P. 12.8(i(>()2; abst. J. .S. C. I. 1017. 36, 1047. HcIk. P. 20080.5, 1008. 
I'. P. 82y40S, 88.5092: abst. Mon. .Sei. 1011, 75, .571. F. P. 84.5000; abst. 
Mon. Sci. lOtm. 65, .54. K. P. 8,84870, 8800.50. E. P. 888270, 1008; abst. 
J. S. C. I. I<)08, 27, 807; Mon. Sci. 1000, 71, 110; Chcni. Ztg. Rei>. 1008, 
32, 4.52. F. P. 442.514, 40.5740; abst. C. 1014, 8 , 8402. Norw. P. 1144,5, 
12,870; abst. Mon. ,Sci. 1004, 61, 125; Clieni. Ztg. Rep. liHll, 28, .581. Norw. 
P. 12080, 1808.5,. 18040, 180.52, 18240, 18244, 18270, 18280, 18281, 18705, 
18788, 187.5;i, 14220, 148.50, 14.585; abst. Mon. Sci. 1000, 65, 177; Chem. 
Ztg. Rep. I'.HIO, 30, 21. Norw. P. 1.5052; abst. Chem Ztg. Re|). 1000, 30, 
424. Norw. P. 1,5840, 1.5700; abst. Mon. .Sci. 1007, 67, 102; Chem. Ztg. 
Rep. 1000, 30, 475. Norw. P. 15800, 1.5808, 10204, 170.51; abst. Client. 
Ztg. Rcj). 1008, 32, 05. Norw. P. 17287: abst. Mon. ,Sci. 1010, 73, 84, Chem. 
Ztg. Rep. 1!KI8, 32, KiO. Norw. P. 17400; abst. Mon. Sci. 1010, 73, 80; 
Chem. Ztg. Rep. 100.8, 32, 201. Norw. P. 17420; abst. Mon. ,Sci. 1010, 73, 
80; Chem. Ztg. Rep. 1008, 32, 201. Norw. P. 17100, 17.5.57, 17.5.58. 17.5.50; 
abst. Chem. Ztg. Rep. 1008, 32, 280» Norw. P. 17884, 17074, 17075, 18002, 
18280, 18248, 18870, 188.54; abst. Mon. Sci. 1012, 77, 00; Chem. Ztg. Rep. 
1000, 33, 889. Norw. P, 10201, 10085; abst. Mon. ,Sci. 1018, 79, 88 ; Chem. 
Ztg. Rep. 1010, 34, 180. Norw. P. 20480, 20070; abst. C. A. 1012, 6 , 1887; 
Chem. Ztg. Rep. 1011, 35, 187. Norw. P. 21884, 22081; abst. C. A. 1018, 
7, .541. Norw. P. 22804; ab.st. C. A. 1018, 7, 2280; Chem. Ztg. Rep. 1018, 
37, 14t). Norw. P. 28440, 28.512; abst. C- .5. 1014, 8 , 705; Chpm. Ztg. Rep., 
1018, 37, (i.50, Norw. P. 24885, 24428; abst. Chem. Ztg. Rep. 1014, 38, 
400; Zts. ang. Chem. 191.5, 28, 200. Norw. P. 20820, 20.805, 20882. Swiss 
P. 20180, 20711, 8.50:50, OlKMil, ,502.50, 72824. .Swed. P. 10087, 2(KI0.5, 21080; 
abst. Chem. Ztg. Rei). 1000, 30, 804. .Swed. P. 21284, 28015, 24080, 2.5070. 
28040. 808.82, 88728, 40,880, 40880; abst. C. A. 1910, 10, 2020. India Appl. 
26. 1901. 

1. Pogg. Ann. 1801, 113, 2.52; Bibl. I'niv. Arch, 1802, 13, 80. 

2, Phil. .Mag. 1800, (5), 42, 2.58. 

8 . Zts. aiiorg. chem. IIKIO, 49, 218; Zts. lilektrwhem. 1000, 12, .527; 
aKst, J. C. S. 1900, 90, »i, 487; J. S. C. I, 1000, 25, .588; Hull. Soc. Chim. 

1907, 2, 414; Chem. Cciitr, lOtHi, 77, II, 80; Jahr. Chem. 1!H).5-1008, I, 17!54; 
Wag. Jahr. 1006, 52, I, 404; Zts. ang. Chem. 1!MI7, 20, 288. 

4. Zts. anorg. Chem. 1900, 49, 220; abst. J. C. S. 1000, 90, ii, 487; 
J. S. C. I. 1900, 25, .5.38; Chem, Centr. 1900, 77, II, 80; Jahr, Chem. HMlfr- 

1908, I, 1755; Meyer Jahr. Chem. 1000, 16, 85; Zts. ang. Chem. 1907,' 20, 
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aliiu)S]jhcric air, the arc is caused to spread out into more or less 
of a circular form, of about one meter in diameter, ayd the gas 
is passed through this extended arc. The spreading out of the 
arc is produced by forming the arc between the poles of an elec¬ 
tromagnet. With currents of high voltage‘the poles are set a 
few millimeters from each other. When •direct currents arc used 
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several hundred arcs per second are formed. With alternating 
turrents the currents are alternately above and below the con¬ 
ductors. The poles are provided with iirrow-head projections of 
platinum. ITie arrangement of the furnace is shown in Figs. 
7V and 78. 

The pnnciple upon which this process is based is that when 
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Fig. 78.—BiRKEUAND-IivDE Nitrogen Fixation FurWce 
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an arc is formed between electrodes located in an electromagnetic 
field the power exerted by the latter forces the arc tow leave the 
direct path between the terminal and to assume a curved form. 
The curve is pressed outward, its starting points retreating from 
the ends of both electrodes, until the length i? such that the limit 
of resistance is reached. The arc, app*cntly, breaks and dis¬ 
appears, being simultaneously replaced by a new are in a direct 
line between the electrodes. This arc undergoes the same cycle. 
This peculiar force developed in the electromagnetic field tends 
to extinguish the electric flame, and this phenomena has been 
termed the electromagnetic blast. The formation, expansion and 
extinction of an arc proceeds with great rapidity, often occurring 
as many as 1000 times per second. The rapidity is controlled in 
a measure by altering the power of the electromagnet,* for prac¬ 
tical purposes about 100 cycles per second having been found to 
produce the best results. The eye merely observes a thin con¬ 
tinuous disc of flame at right angles to the line joining the poles 
of the electromagnet. As the arc in expanding moves more 
rapidly outward along the negative electrode than along the 
positive, the center of the flame must necessarily be diverted 
sidewise. If the electromagnet is fed by a direct current and a 
direct current passes through the electnxles, the flame assumes 
the form of a semicircle. When an alternating enrrent serves 
the electromagnet and a direct current passing through the elec¬ 
trodes, arc expands in both direftions, and a sheet of flame ap¬ 
proximately circular in form is produced. 'I'he same result fol¬ 
lows the use of an alternating current in the electrode and a 
direct current in the magnet. 

The use of such an electric disc for effecting the combination 
of oxygen and nitrogen marked a decided advance in this art, and 
made it possible to inaugurate this industry on a satisfactory 
economic basis. Combined with great simplicity in mechanical 
detail, the relatively great surface and extreme tenuity of the 
•lectric disc rendered it possible to bring large volumes of air in 
contact with the intensely hot flame, and to cool the resultant 
products with great rapidity. 

• According to '1'. Norton, while the economic value of the 
process depends largely on the outcome of the furnace reaction. 
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there is a secondary factor of considerable importance. This is 
the method used to isolate the nitric oxide from the large volume 
of gas issuing from the furnace and transforming it into nitric 
acid in a more or less dilute solution in water, or into some of the 
various nitrates or nitrites demanded by comirTcrce. Chemically, 
the reaction,in the furnace between the oxygen and the nitrogen 
of the air is represented by the cciuation N 2 + O 2 = 2N(). That 
is, one molecule of oxygen unites with one molecule of nitrogen 
to form two molecules of nitric oxide, a colorless gas. This nitric 
oxide unites readily with free oxygen, at temperatures below (120° 
to form nitrogen peroxide, a brown gas, with the fomiula NOa 
at temperatures above 1-10°, and the formula Nath, at low tem¬ 
peratures. Tlic peroxide condenses at 22° to a liquid, which at 
—20° congeals to a mass of colorless crystals. As the tempera¬ 
ture falls from 110° the number of molecules of NjOi in a given 
volume steadily increases, as shown by the increase in density 
and the change in color from a deep brown to a reddish brown, 
and then to a yellowish brown. At 00° half of the molecules 
in the gas are of the formula NjO,. At 2.s° they constitute 
Ml';;,. 

Wtien the peroxi<le comes in contact with water it is dissolved 
and reacts, forming nitric acid and nitrous acid, thus: 

2N()2 -1- 11/) - UNO,, -f- UNO,, 

With an excess of peroxide the iiitrous acid is oxidized to nitric 
acid and oxide is liberated, as follows: 

N().> + UNO., = NO -I- UNO:, 

The net result of these two reactions is that two-thirds of the 
nitrogen peroxide is transformed into nitric acid according to the 
equation 

UNO. + II 2 O = 2IINO,, + NO. 

The liberated nitric oxide, in the presence of f)xygen and water, 
reireats the cycle of changes given above, so that theoretically 
it is possible to change lO nitric acid all the nitric oxide in the 
current of gas issuing from the nitrate furnace. 

The actual process of nitrogeti peroxide production is not so 
simple as the eciuations indicate, and the plant rerpiired for the 
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purpose constitutes the most imposing feature of nitrate works. 
The gases leaving the furnace at a temperature of about Toft" enter 
a huge main of iron lined with fire brick. Farther on the main is 
of aluminium, about 30 inches in diameter. This terminates at 
a large vat where the current of gas passes through a number of 
f?mall tubes of aluminium, thus offering a Ifirgc surface for cool¬ 
ing. Water can be heated in this vat or solutions can be evap¬ 
orated. On leaving the vat the current is again cont'entrated in 
a single conduit, which leads to the steam chamber. Here the 
gas passes through tubular boilers and furnishes a large volume 
of steam, which can be used for evaporation or in the production 
of energy. 

The gas possesses a temperature of about 200° on issuing 
from the boiler tubes. By passing through additional sets of 
aluminium cooling tubes the temperature is brought down to 50° 
C., and the current then enters two large chambers constructed 
of heavy iron plate, the walls being lined with material not affected 
by nitric acid. In these chambers the oxidation of the nitric 
oxide to nitrogen peroxide by means of the oxygen in the excess of 
air is completely effected. These chambers are of great capacity, 
so that the gases admitted remain in gentle movement for over a 
minute before reaching the outlet. This arrangement is rendered 
necessary by the fact that the oxidation requires some little time 
to be approximately complete. In a gaseous mixture containing 
2% of nitric oxide, '\(l% of the latter is oxidized to peroxide in 
about 12 seconds, and 9t)% in not over 100 seconds time. 

• The product of the furnace reaction, transformed into nitro¬ 
gen peroxide, is now ready to undergo the final change into nitric 
acid. For this purpose the contents of the oxidation chambers 
are directed by powerful ventilators into enormous absorption 
towers. These are built of Norwegian granite, are 20 meters 
(05.02 feet) high and 5.5 meters (18 feet) in diameter. The great 
granite slabs are 25 centimeters in thickness and are held in place 
by strong iron bands. A cement composed of asbestos and water 
glass is employed for the. joints. The interior is filled with frag¬ 
ments of quartz, and the top of the tower is provided with the 
usual devices for distributing a liquid in the interior. At the 
bottom is an Outlet leading to a montejus of earthenware. Con- 
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iicctions are inade principally by means of alumininni piping. 

'riie svstcniatio metliod of absorption is as follows: The cur¬ 
rent of gnses is forced to jrass through a series of three siieh tow¬ 
ers, entering at the bottom and issuing at the top. In each tower 
it encounters a descending current of more or less dilute nitric 
acid, trickling downward over the quartz masses and offering a 
vast surface of licpiid for the absorption of the nitric vapors. 'I'he 
acid in the first tower is near the point of maximum concentration, 
i. e., lINOii (:5.|.70° Baume), that of the second is much 

m rre dilute, and that of the third tower is very dilute. The current 
of gases in its course encounters successively masses of liquid of 
increasinglv greater absorptive powers, w'hile its percentage of 
N()> is rapidly lowered. By the use of compressed air the acid 
solution is forced from the bottom of a torver to the distribut¬ 
ing reservoir on the top of the same tower, or of its neighbor; 
or, if fidlv concentrated, it is directed into large reservoirs of 
granite. 

Tile contents of the first tower are passed repeatedly over 
the quartz filling until this maximum concentration is attained. 
Then either all or a part of the liquid is transferred to a storage 
reservoir and is replaced by a corresponding rinantity from the 
second tower. A similar amount is contributed to the latter from 
a third tower, and in its place comes a supply of fresh water. In 
the second and third towers the solution is also forced to pass 
several times from top to bottom before the reiiuired strength is 
obtained. The cycle of reactions above enumerated is uninter¬ 
ruptedly in operation at all points in the series of towers. The 
])raetical result is that nitric acid, of strength and free from 
nitrons acid, is continually withdrawn from the base of the first 
tower. In the other towers the solutions in movement contain 
increasinglv large proportions of nitrous acid. An exceedingly 
ingenious automatic device is attached to each tower, controlling 
the action of the pumps and the movements of the absorbent 
s(rlution. As ill the furnace room, there is need of only a lirniied 
number of ojierativcs tn the group of towers. 

.\s the percentage of peroxide in the air current decreases, 
the rale of absorption becomes more and more sluggi.sh. When 
the air current issues from the third tower it stilt contains a 
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cerjaiii amount of unabsorbed peroxide sometimes as lii),'!! as 
20% of the ori};inal (piantity. In order to save as mutli as pos¬ 
sible of this fraction the stream of gas is passed through another 
large absorption tower built of wood and lined with brick in 
which water is replaced by a solution of sodium carbonate or by 
iiiilk of lime. The rate of absorption is much more rapid here, 
and a mixed solution of nitrate and nitrite is obtained. I'rom 
tliis last tower the current of gases is conducted through a chain 
her tilled with fragments of ((uicklimc, and finally issues into tiie 
air. It still contains from 2%- to 2..')%, of the combined nitrogen 
yielded by the electric furnace and at present this is lost. The 
mixed solution of nitrate and nitrite when sufficiently concen¬ 
trated, can be evaporated ami used directly for fertili/.ing or it 
can be changed into nitrate by treatment with an adequate'am Hint 
of nitric acid, the liberated nitrous vapors being directed into 
the absorption towers. Various modifications in the disposition 
and use of the final absorption in alkaline solutions will be noted 
later. A multitude of minor details, such as the clever auto¬ 
matic device for regulating the movement of licpiids in the absorp¬ 
tion tower, the use of aluminiuin connections, etc., all testify to 
the intelligent manner in which the Norwegian engineers have 
overcome the manifold technical difficulties in the way of trans¬ 
forming the nitric oxide sujiplied by the furnaces into the nitric 
acid and nitrates. 

The absorption towers yield chiefly .‘iD' J nitric acid and sec¬ 
ondarily calcium nitrate or other alkaline nitrates, as desired 
•'I'lie commercial products thus brought U]ion the market by the 
Notodden works arc nitric acid in varying degrees of concentra¬ 
tion, calcium nitrate, sodium nitrite, ammonium nitrate, and such 
.small amounts of other nitrates as the local industries in Norway 
rcipiire. Concentrated nitric acid is manufactured to some extent 
at Notodden by evaporation of the oO';,'. aciil secured from the 
towers. The steam .secured in cooling the hot gas current is used 
fat the purpose of heating the distillation ve.ssels. On account 
of the difficulties attending the transportation of this acid, no 
attempt is made to give it prominence in the general scheme of 
mahufacture, or to do more than supply a purely local demand. 

Figs. 7!),* 80 and 81 show diagraminatically, in section and 
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externally, the essential constructional features of a typical fur¬ 
nace of this type. Notwithstanding the extremely elevated tem¬ 
peratures (;i20()° -;i8()0°) of the disc flame, the temperature of the 
exterior and interior walls seldom exceed 750°, owing to the 
cooling effect of the entering air, the gases escaping from the 
furnaces at a temperature of 800°-1000°, and containing approx¬ 
imately 1.5'/( NO. 

According to F. Haber and A. Koenig,' a single furnace under 
normal working conditions, yields 70 gm. nitric acid per kilowatt 



hour, the concentration of NO produced being 2%, while the 
statement is made that one-half to one ton of calcium nitrate 
may be produced per horse power per year. 

For this purpose a special kind of lime has been found most 

suitable," the nitrous gases coming from the electric furnace being 

1. Zts. Kleklrwhem. 1907, 13, Titr, 1908, 14, 089; 1910, Ifi, 11, 700, 
789. D. R, P. 210100; U. S. P. OUSOIO; F. P. 892070; E. P. IMOO, 1908; 
abst. J. C. S. 1908, 94, it, 84, 940; 1910, 98, ii, 10.57; J. S. C. I. 1908, 27, 27, 
1070; 1909, 28, 28, 1207; 1910, 29, 12.57, 12,58; Bull. Soc. Chim. 1910, 8, 
944; Chem, Zeiitr. 1908, 79, I, KXl, .511; II, 1.502; 1909, 80, II, 77; 1910, Jl, 
I, 094; II, 1438; Jalir, Chcni, 190.5-1908, I, 17.56, 1757; 1909, 82, I, 531; 
1910 63 I 581 ^ 

' 2 . 'NOTsk. Hydro Ekktriik Kvaclstolaktitsdskab, P. R. P. 284042; 
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absorbed in the quieklime at Or,'^ the gases are 

concentrated by absorption in alkalis, and decomposing the alk¬ 
aline compound by heating with alkaline earth or other metallic 
oxides or silicon, the nitrogen oxides thus obtained being then 



(Txidized to nitric acid. By a modification in procedure,* nitrites 
may be obtained instead of nitrate, to the above calcium ni¬ 
trate may be added* when by double decomposition ammonium 
nitrate is formed and may be recovered by evaporation to crystal- 


ahst. Chem. Zeiitr. Itll,';. 86, I, 1^)7; Cliem. Ztg. Rc|). I'.ll.i, J9, ; Zts. 

aiig. Chem. l!)ir), 28, I). R. P. 2K7:i(i7; absl. Cliem. Ztg. Rep. IJla. 

39, :587; Zts. aiig. Chem, 28, oliO. 1'. 1’. I().w41); atist C, A t!) 4, 8, 
;j4i)2. K. P. 492371), 1919; abst. Chim. Iiul. 1929, 3, 212. Norw. P. JbSS-. 

* 1. A. Schlocsing, F. P. 400328, Chem. Ztg. Rep. 1914. 38, 430. U. S. 
P. 1177339; abst. J. .S. C. 1. 1914, 33, 23; 1910, 35, .W9. ^ „ 


2. Nor.sk. Hydro-Elektrisk Kvaelslofaktieselskab, .Swed. P. 408.19, 
1916; abst. C. A. 1910, M, 2020. ^ * 

B. De Norske Saltpetervcrker, Norw. P. 22031, 1910; abst. C. A. 
1913, 7, 541; Chmn. Ztg. Rep. 1912, 36, 028. 

4. K. Birkclaiul, E. P. 25032, 1907; J. S. C. I. 1908, 27, 749. 




Fic. SI.—Birkel.^nd-Eydb Furnaces (Bjukan Saltpeter Factorv) 
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liza^ioii, when a satisfactory yield is obtained. 

In a more recent process,* the oxidation and absorption of 
the nitrogen and oxygen may be ciTected in a closed system in 
which the gases are circulated under pressur^. The circulating 
gases are maintained at their original volume and pressure by 
‘supplying a compressed gas mixture of suitable composition and 
(piantity, at a certain point. To prevent accumulation of im¬ 
purities, a portion of the residual gases leaving the absorption 
system may be withdrawn previous to the introduction of 
fresh compressed gas. I'he gas withdrawn is relatively rich 
in argon, etc., and may be utilized for the manufacture of 
argon. The gaseous mixture most favorable to the reaction is 
Oj: Ns = 1; 1. 

Pauling Processes for Nitric Acid Manufacture, if. and fl. 
Pauling and the Saltpetersaeure Industrie Gcsellschaft, to whom 
many of the patents have been assigned,- have ai)proaehe<l the 

1. Norsk. Hydro-HIektrisk Kvaelslofakticselskal), 1C. 1’. lOOdiHI, 1916; 
abst. J. S. C. I. I'.IIT, 36, 214; C. A. 111111, 10, 21121. 

2. Por resume of the I’auHnx patents, consult tl. S. I*. 7ol)ll2(I, 72111121; 

abst. J. S. C. I. 11103, 22, li;1.7. t!. S. I>. 7.7,S771; abst. J. .S, C. T. 11104. 23, 
.74.'); Mon. Sci. 11104, 61, 12.5; Chem. Zts. 11104, 3, Ills. 17 S. I'. 7.')R77.7. 
7774Sr). U. S. I>. 7774.S6; abst. Mon. Hei. 1110.7, 63, 110. 17 S. 1’. .S0741I1; 
1110.7; abst. Zts. aiig. Chem. lllOti, 19, 1101; J. S. C. 7. lllO:!, 22, llllo; Mon. 
Sci. 11100, 65, 110; Chem. Zts. lllOO, ,7, 87. 17 S. 1’. 814017, 11100; abst. Proc. 
Roy. Hoc. 13, 280; Mon. Hci. 11100, 65, 117. 17 S. 1’. 873,801, 11100; abst, 
J, H. C. 1. 11100, 25, 1)28; Mon. Sci. 11108, 69, .70, 17 S. 17 877140, 11108; 
abst. J. S. C. r. 1008, 27, 100; Mon. Hci 100.8, 69, .77; Client. Ztx. Kc|). 1008, 
32, 120. U. S. P. 877447, 1008; abst. J. S. C. I. 1008, 27, 100; Mon. Sci. 
11M)8, 69, .77; Chem. Ztx. Rep. 1008, 32, 108. 17 S. P. 8,820.78, 1008; abst. 

Mon. Sci. 1000, 71, 28. U. .S. P. 887200, lOtKi; abst. J. S. C. I. 1007, 26, 24; 

Mon. Hci. 1000, 71, 113. 17 S. P. 800144; abst. Mon. .Sci. 1000, 71, 127; Chem. 
Ztg. Rep. 11M)8, 32, 710. U. .S. P, .S08i;!3, 11107; abst. J. H. C. I. 1007, 26, 
1243; Chem. Ztg. Rep. 11108, 32, .772. 17 S. P. 0013.70, 1011; abst. J. .S. C 

I. 1010, 29, 1177; Mon. Sci. 1012, 77, 17. 17 S. P, 0013.77, 1010; abst. J. S. 

C. I. 1011, 30, 300; Mon. .Sci. 1012, 77, 17. 17 S. P. 003.80.8, 1011; abst. 

J. S. C. I. 1011, 30, .741; Mon. Hci. 1012, 77, 1.8; Chem. Ztg. Rep. 1011, 35, 

342. U. S P. 000,7.87, 1011; alrst. J. S. C. I, 1011, 30, 1071; Men. Hci. 1012, 
77, 2.7. U. .S. P. 1020,88.7, 1012; abst. J. .S. C. I. 1012, 31,001; C. A. 1012, 
6, 2302; Mon. .Sci. 1013, 79, 11. U. S. 17 1031804, 1012; ab.st. J. H. C. I. 
1012. 31, 77.7; C. A. 1012, 6, 2070. 17 ,S. P. 1031,80.7, 1012; abst. J. S, C. I. 
1012, 31, 77.7; C. A. 1012, 6, 2070; Mott. Hci. 1013, 79, 3. t7 S. P. 1037077. 
1912; abst. J. S, C. I, 1012, 31, 023; C, A. 1012, t 3:10.S. 17 S. P. 1074287, 
1013; abst. J. .S. C. I. 101.3, 32, 1000; C. A. 1013, 7, 3,821. 17 S. P. 1070541; 
abst, C. A. 1014, 8, 40.7; Mon. Sci. 1011, 81, 27. K. P. 18427, 1002; abst. 
J. .S. C. I. 1003, 22, 705. 1C. P. 21,82.8, 1002; abst. J. S. C. I. 1003, 22, 705; 
Chem. Ztg. 1004, 28, 1.77. 1C. P. .7.740, 1001; abst. J. S. C. I. 1005, 24, 276. 
1C. P. 7860, llMHi; abst. J. H. C. I. 1006, 25, 035; Zts. IClcktriK-hcm. 1007, 
13, 228. IC. P?7870, 1006; abst. J. H. C. I. 1006. 25, 7.78. IC. P. 7871, lOtHi; 
abst. J. S. C. I. 1006, 25, 7.78. PC. P. 81.72, 1006; abst. J. S, C. 1. 1006, 25, 
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problem from a somewhat dilTerent angle, they producing a l^rge 
sheet of •■lame electrically by the use of divergent rather than 

ior.2. K. P, 18425, liMHi; K. P. 26,8715; abst. J. S. C. T. 1*KI7, 26, 22; 829; 
Zts. laektroohem. 1907. 13, 226. K. P. 18599, 1900;,abst. J. S. C. I, 1907, 
26, 22; Zts. Idektroclifm. 1907, 13, 280. li. P. 186(K), 1906; P. P. 2718.82; 
abst. J. .S. C. I. 1907, 26i, 417; Zts. Rlektrochcm. 1907, 13, 280. R. P. 
18002, 1901.1; R. P. 268716; abst. J. S. C. I. 1907, 26, 24, l.aT, 971. D. R. P. 
1800.52, 1905; Mon. Sci. 1909, 71, 74; Chein. Zentr. 1907, 78, I, 10.82; Client. 
ZtK. Rep. 1907, 31, .86; Jabr. Chein. 1905 190,8, I, 1794; Wa^. Jahr. 1900, 
52, I, 446; Zts. ant!. Chem. 1907, 20, 1229; Zts. .Scliicss. SpreiiK. 1907, 2, 25. 
Swiss. P. 279(H), 1900; .\nst. P. 280,80, 1907. R. P. 7220, 1907; R. P. 27.520,8; 
abst. J. S. C. I. 1907, 26, 920, 1204. R. P. 1,8900, 1907; abst. J. S. C. I. 1907, 
26, 1204. IC. P. 1.8901, 1907; abst. J. S. C. I. 11H17, 26, 1242. R. 1>. 22285; 
1908; ajist. J. S. C. 1. 1910, 29, ,88. IC. P. 27472, 1908; abst. J. S. C. I. 1909. 
28, 405. 1!. P. 0429, 1909; abst. J. S. C. 1. 1909, 28, 942. R. P. 8142, 1909; 
abst. J. S. C. I. 1909, 28, 715. Iv. P. 19460, 1909; D. R. P. 210090; abst. 
J. S. C. I. 1910, 29, 221; 1909, 28, 1217. R. P. 22027, 11H)9; abst. J. .S. C. 1. 

1910, 29, 211; C. 1910, 4, 2.5.55; Client. Ztg. Rep. 1911, 35, .54. I'. P 

9.884, 19UH; abst. J. S. C. I. 1910, 29, 11.57. R. 1>. 22219, 1910; F. P. 420252; 
abst. J. S. C. 1. 1911, 30, 200, 0.85. R. P. 22220, 1910; abst. J. S. C. 1. 1911, 
30, 84; Client. Zts. Re|). 1911, 35, 00. Iv. P. 22222, 1910; abst. J. S. C. I. 

1911, 30, 84. R. P. 2251, 1911; abst. J. S. C. I. 1911, 30, 905. R. P. 8.522, 
1911; F. P. 42290*2; abst. J. R. C. I. 1911, 30, .541; 1912, 31, 221; C. A. 1912, 
6, 282.5. R. P. 14121, 1911; abst. J. S. C. 1. 1911, 30, 12.52; C. A. 1912, 7, 
221. R. P. 1*1122, 1911; abst. J. S. C. I. 1911, 30, 1252; C, A. 1912, 7, 221. 
R. P. 21478, 1912; V. S. P. 1029.8,86; abst. J. S. C. I. 1912, 31, 091; 1912, 32, 
290; C. A. 1914, 8, ,872. It. P. 1,8112, 1912, abst. J. .S. C. 1. 1914, 33, 790. 
F'. P. 222700, 1902; abst. J. S. C. 1. 1902, 22, 195; Mon. Sci. 190(i, 65, 220; 
1911, 75, .571, ,572. F. P. 22.5244, 1904; abst. J. S. C. I. 1901, 23, 51,5; Mon. 
Sci. 1901, 61, 44; 19(Hi, 65, 220. F. P. :i0,5070, 1900; abst. J. S. C. I. 1900, 
25, 928; Mon. Sci. 1907, 67, 94; 1911, 75, .571, F. P. .20871.5, 1900; abst. 

J S. C. 1. 1907, 26, 22; Mon. Sci. 1911, 75, .571. F. P. 208710, 1901i; abst, 
J. S. C. I. 1907, 26, 24. F. P. .208717, 1900; abst. J. S. C. 1. 1907, 26, 22; 
Zts. Rlcktrochetn, 1907, 13, 280; Mon. Sci. 1911, 75, 571, .572. F, P. 27188.2, 
19(H5; abst. J, S. C. 1, 1907, 26, 417; Mon. Sci. 1911, 75, 57.2. F, P. 274227; 
abst. Mon. .Sci. 190.8, 69, 129; Cliem. Ztt!. Rep. 1!KI7, 31, 209. 11H)2.2, aililn. 

to .2212.27. F. P. 2742.2.8, 19(Hi; abst. J. S. C. I. 1907, 26, 700. F. P. 274278. 
1900; abst. J. S. C. I. 1900, 25, 925; Zts. lilcktrocliein. P.HI7, 13, 22,8. F. P. 
274227, 190.8; .27520.8, 1907; abst. J. S. C. 1. 1907, 26, 920. F. P. 2,800.59, 
1!K)7; abst. J. S. C. 1. 1907, 26, 1201; Mon. Sci. 1909, 71,99; Cltcnt. Ztg. 
Rep. 1908, 32, 17.8. Iv P. .28(HKiO, 1907; abst. J. S. C. 1. 1907, 26, 1242. 
F. P. 29.7000, 4(H)745; abst. J. S. C. I. 19(H1, 28, 942. F. P. 4(K)771, 19(H); 

abst J S. C. I. 19(H), 28, 71.5. F. P. 4(H1442, 190,8; abst. J. S. C. I. 1909, 

28, 1217; Mon. Sci. 1911, 75, .571, .572. F. P. 4071,2.2, 1909, abst.J. S. C. 1. 

1910, 29, .505; Mon. Sci. 191(1, 73, 175; Chein, 7Ak. Rep, 1910, 31, 1.87. F. 
P. 41.5749, abst. J. .S. C. I. 1910, 29, 1157; Mon. Sci. 1912, 79, .82; C. A. 
1912, 6, 1900; Chein. Ztt;. Rep. 1910, 34, .501. F, P. 4202.52, abst. J, S. C. 1. 

1911, 30, 200; C. A. 1912, 6, 1907; Mon. Sci. 1911, 75, 572; 1912, 79, 88; 

Chem. Ztg. Rep. 1911, 35, 202. F. P, 421)802, 1910; abst. J. S. C. I. 1911. 

30, 84; Mon. .Sci. 191.2, 79, 112. F. P. 420804, 1910; abst. J, .S. C. I. 1911, 

30, 84. F. P, 42291)2, 1911;‘abst. J. S. C. 1. 1911, 30, .5-11. F, P, 42.570.5, 
1911. F, P. 4.20111, 1911; abst. J. S. C. I. 1912, 31, 12.8. F. P. 420112, 

1911; abst. J. S C. I. 1912, 31, 1.28; Mon. Sci. 191.2. 79, 127. F. P. 420112, 

1911; abst. J. S. C. 1. 1911, 30, 12.52. F. P. 4.50448, .abst, C. A. 1912, 7, 

2999; Chem. Ztg. Rep. 1912, 37, 281. F. P. 401220, abst. J. f). C. I. 1912, 

32, 1009. F. P 4028.59, abst. C. A. 1914, 8, 2927; Chem. Ztg. Rep. 1914, 
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convergent electrodes, assisted by a powerful air blast at the 
point of divergence. This method has been operating success- 

38, .IK). U. S. !’. 807401, IIMW; abst. Zts. ang. Chcm. 19, 1104 
1), R. P. 1.5280.5, tool; abst. Zts. ang. Chem. 1004, 17, 1708; Chcm. Centr 
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11.5; Chcm. Zts. UK)/, 6 , 7.5; Jahr. Chem. 190.5-1008, I, 1700; Wag. Jahr. 
1!K)7. 53, I, .-180. • D. K. P. 182840; abst. Mon. Sci. 1911, 75, 1,5; Chem 
Zcntr. 1007, 78, II, 0.51; Chem. Ztg. Rep. 1907, 31, 108; Jahr. Chem. 190.5- 
1908, I, 1700; Wag. Jahr. 1907, 53, I, 482; Zts. ang. Chcm. 1907, 20, 8(K). 
D. R. P. 1819,58, 1004; abst. Zts. ang. Chem. 1908, 21, 5.58; Mon. Sci. 1909, 
71, 100; Chcm. Zcntr. 1007, 78, 11, ll.'iO; Jahr. Chem. 100.5-1908, I, 1767; 
Wag. Jahr. 1907, 53, 1, ;i87. D. R. P. 180451, liMlO; abst. Zts, ang. Chem. 
1908, 21, .5,58; Chcm. Zcntr. 1907 “ 



Chem. 190,8, 21, 412; Chcm. Zcntr. 1908, 79, I, .'ilO; Chem, Ztg. Rep. 1908, 
32, 41; Jahr. Chcm. 190.5-190.8, I, 1709; Wag. Jahr. 1907, 53, I, 408. D. R. 
P. lOOliOO, abst. Chcm. Zcntr. 190.8, 79, 1, 905; Chem. Ztg. Rep. 1908, 32, 
108; Chem. Zts. 190,8, 7, OOS; Wag. Jahr. 1907, 53, I, ;i89; Zts.«ng. Chcm. 

1908, 21, 5.50. O. R. P. 190112; abst. Chcm. Zentr. liK)8, 79, I, 1220; Mon. 
Sci. 1911, 75, ,58; Chcm. Zts. 190.8, 7, 719; Jahr. Chcm. 11K).5-1908, I, 1797; 

1909, 62, 1, .5.14; Wag. Jahr. 190.8, 54, I, 124; Zts. ang. Chem. 1908, 21, 1084; 

Zts. Schicss. Sprcng. 1908, 3, 194. I). R. P. 198241; ab.st. Chem. Zentr. 



79, II, 10.52; Chcm, Ztg, Rep, 1908, 32, (BO; Chcm. Zts, 1909, 8, 1281; Jahr] 
Chcm. 1905-1908, I, 177;i; Wag, Jahr. 1908, 54, I, 414; Zts. ang. Chem. 
ltH)8, 21, 2518. D. R. P. 20.5018, addn. to D. R. P. 190112; abst Mon. 
Sci. 1912, 77, .50; Chcm. Zcntr. 1909, 80, 1, 324; Chcm. Ztg. Rep. 11H)9. 33, 
^ ] Jahr. Chcm. 1909, 62, .534; Wag. Jahr. 1908, 54, I, 424; Zts. ang, Chcm. 

KKK), 22, 208. n. R. P. 20.5404; abst. Chcm. Zcntr. 1909, 80, I, 803; Chem. 
Ztg. Rep. 1909, 33, ,53; Wag. Jahr, li)08, 54, II, 394; Zts. ang. Chem. 1909, • 
22, 498. 1). R. P. 211919; abst. Mon, Sci. 1912, 77, SH); Chem. Zentr. 1909, 

80, II, 944; Chcm. Ztg, Rep. 1909, 33, 420; Jahr, Chem. 1909, 62, I, 373; 
Wag. Jahr. 1909, 55, I, 004; Zts. ang. Chcm. 1909, 22, 1724. D, R. P. 
213710; abst. Cheni. Zentr. 1909, 80, II, 1392; Chem, Ztg. Rep. 1909, 33, 
.531; Wag. Jahr. 1909, 55, I, 390; Zts. ang. Chem. 1909, 22, 2244. D. R. P. 
210090, 1908; abst. J. S. C. I. 1909, 28, 1317; 1910, 29, 221; Chem. Zentr. 
19IH), 80, II, 20.53; Chcm. Ztg. Rep. 1<K)9, 33, OIMi; Wag. Jahr. 1909, 55, I, 
398; Zts. ang. Chem. 1910, 23, 90. 1). R. P. 231/584; abst. Chcm. Zentr. 
I9>1, 82, I, 707; Chcm. Ztg. Rep. 1911, 35, 162; Wag. Jahr. 1911, 57, I, 4B2; 
Zts. ang. Chem. 1911, 24, .503. D. R. P. 23.5299; abst. C. A. 1911, 5, 31.36; 
Chem. Zentr. 1911, 82, II, 111; Chcm. Ztg. Rep. 1911, 35, 342; Wag. Jahr. 
1911, 57, I, 404; Zts. ang. Chcm. 1911, 24, 1444. D. R. P. 237684; abst. 
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fully on a inanufacturini; scale sinei- lillll. They spread' the are- 
diseharges.used in the eleelrie treatuunt uf gases for the produc¬ 
tion of nitrie acid from air, the gas to lie treated being sup])lied 
from blast pipes placed at or near the point of'greatest proximity 
of the diverging eleetrodes. 

In the earlier development of this proeess Pauling made use 
of a cone of eleelrie llame, the eleetrodes being hollow and located 
in a eyliiivlrical chamber, one being pointed, and through which 
a blast of air entered the furnace, 'Pile second electrode, which 
was placed op|)<)site, terminated in a large sancer-shaped surface, 
which was perforated with many small openings to allow the gas 
to pass out, Hv means of an air enrreut the arc was lengthened 
as in the Sehbalierr methods. In a su'i.se pient p.iteiit a lixeil 
bar as one electrode was emplove l. 'I'lie entering air is raiseil 

bill, 57, I, tlliT; zts. iiii.i;. Chem. t'.llg, 25, I.!,'., D. R, f. '-MIKIII; alist. 
Cheni. Zentr. ItUi, 83, i, t 1(12; t'luiii. Zts. itep. bl|2, 36, gilt; Wag. Jalir. 
11112, 58, I, till; Zts. ung t'lu-ir.. I'Mg. 25, SS.S: Zts. Sehiess. Spreng. 11112, 

7, 22(1. P.'K. 1‘. 2111712: .ilot C. .\. l!i|2. 6, 2.‘.(ll; Cheiii. Zentr. 11112, 

83, I, 1.S72: Chem. Ztg Rep. Ilil2, 36, .'102: Wag. Jalir. 11112, 58, 1, 12(1; Zts, 
ang. Chem. 11112, 25, 1(11,S; Zts. .Seliiess. .Spoiig. I1II2. 7, 21,S. I), R. 1’. 

27)llll(i,S; abst. Chem. Zentr, 11112 83, 11, l.'sSil; Clnni. Ztg. Rep. 11112, 36, 
(US; \V;tg. J,alir. 11112, 58, T, llh; Zts ang. Chem 11112, 25, 2M77, 1). K. b. 

27i7.S(lll; abst. C .V. IKb!. 7, 2I.‘),S; Che!ii. Zentr. Illl.'f, 84, I. I2I.'>; Chem. 
Ztg, Rep. 11112, 37, 1(1(1; Wag. Jahr. llil-'l, 59, 1, I.ll; Zts. ang. Cin-m. IKKl, 
26, 2;?.'>; Zts. .Sehiess ,Sprt jig. Ilil'l, 8, 17S, 1). R. R, 2,'p.SMS.'i; abst. C. .A. 

lilts, 7, 2.')t7; Chem. Zentr. llllll, 84, I, 1 I7S, Cluin, Ztg, Rep. lllbl, 37, 
22a; Wag. Jahr. Ilibi, 59, 1. .‘illi.Vl). R, b. 2.'.H,H|.-); absl. C. .\. HUH, 7, 
,'1(1.S4; Chem, Zentr llUa, 84, 1, L'OUii. Chem. Ztg Rep. IIUH, 37, .22(1; Wag. 
Jahr. 1111.2, 59, I, .'illi; Zls. ang Chem, HUM. 26, 21(1. I). R. b. 2(1.SI1(I; 

abst. C. .-\. HU 1. 8, itl.21; Chttn. Zentr. HU 1, 85, 1, Mild; Chem. Zig, Rei’- 

llIM, 38, .27; Wa,g. Jahr. HUM, 59, 1, .-.M.-i; Zts. ang, Chem. HIM, 27, -111. 
I), R. b. 2(1(I2MS; abst. C. .\. IIUI, 8, 'l!i21: Chem. Zentr. HUd, 85, I, .'>.27; 
Chem, Ztg. Rejt. 11(1 1. 38, (IM; Wag. Jahr. H*l 1. 60, 1, M,22; Zts, ang. Chem. 
•1111-1, 27, 12(1, M. R b. 27Ull.‘i, HU2; addn. to II. R. b. 2.27,2(111; tibst, C. 
A. HIM, 8, 211.20; Chem. Zentr. HIM, 85, I, 111,21; Chem. Zlg, Rep. IIUI, 
38, M2M: Wag. pdir. HU I, 60, I. M.'.2; Zt, ang, Chem. HU I. 27, M1I7. II, R. 
Anm. A, 2(l(l(l.2. 2ll(l(lll, M(l.277, Ml 122, MlbSlI, M171(l, Anst, b. 2772(1, MMUSV, 
•2.2-1,22, MMI2I1, .210211, l(l.2|(l. Ansi. b. 1(1,2IM. 10(111; addn. to AiiS't. b. MM1I.27. 
■Anst. b. -1,221.1, -1.2,21(1; abst. Zts. Sehiess. Spreng. IIUI, 6, ,277, Anst. b. 
1110.22, .22-141, .2M21U. 1012, (ilM,27. Swiss, b. 272MM. tibst. Cliem. Zts. 1004, 
3, M72. Swiss, b. 270.27, 12211, 10(17; .22211. IlUO; .'ilL’IM, .■,27711, 2,2024, 
-,(12-12, -41.2(1(1, ,272,21, (1.2111(1, Swed. 1*. lOOOli, 222,2,2, 2,222,2, addn. t(. Swell, 
b. 222.22; 22202, 2,20112. See also Zls. lileklrnehem. IliOT, 13, 222, 2.21; 
111(111, 15, .214; llUl, 17, 121. N2,r. b. 1211(1, 12721, I.21I71I, 1(11122, ll>2(iH, 
1717(1, 1722(1, 17402, 12227, 111212, 20112, 2021111, 2(1102, 20(1112, 211.22, 212(12, 
217(10, 222(10, 2210.2, 22104, 22222, 2122,2, 2(14711. Ili lg. b. 1(12122, 1(1(122.2, 
11102 : 2211222, 11110 ; 2.21U 12, 1012. Chem. Zlg. Re|it. 11107, 31, -1.24; lOO.S, 
32, 41. 10,2. 242, 277, (122; lOOli, 33, .221, 0(1(1, IIUI, 35, 2 12 |,)|n^ 35 ^ ,):p 
HUM, 37, 222, 

J. E, b, 12.,on, KIUII; abst J. S, C. I 1007, 26, 22, 
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above lOOO®,' ami the ^ases then smldeiily cooled.The elec¬ 
trodes arc made of oxidizablc metals such as iron, so»that when 
the arc is passinj; between the electrodes, a la)'er of melted oxide 
is (irodnced and maintainetl thereon.'* 

Air is htreed into the fnfnace throiiKh a number of sni dl 
openings in a pipe situated on one side between the electrodes. 
When in 'ojjcration the arc continually chanjjes its ])osition from 
one end to the other of the fixed electrodes, thus permittins; rapid 
lluetuations of temperature in the air current. It was in 190(1 
that the Paiding’s iiatentcd the process now in use, the rights to 
which have been accpiired by the Saltpetirsaeure Industrie Ges. 
He then jirodnced the arc* between main electrodes at a consid¬ 
erable distance apart by blowing on to them, by means of a cur¬ 
rent of gas, the discharges which jiass between supplementary 
electrodes at a short distance apart. His first patent issued in 
1902, described the ])reparaLion of nitrogen peroxide and nitric 
acid by heating a mixture of air and steam, or air and oxyhydrogen 
gas until the water or gas becomes disassociated. *'l'he process 
was actually carried out by passing the mixture through a white 
hot, thin-walled porous porcelain tube. The reddish brown vapor 
passing out of the end of the tube wais collected and converted 
by oxidation into nitric acid, 'file hydrogen, which dilTused 
through the walls of the tubes,•may be collected or caused to eom- 
bine with another body sucli as ehlorine to form HCl. ' 

In iilacing these patented processes upon an economic ba.sis, 
an experimental plant was erected at Gelsenkirchen, wdiich was 
succeeded in 1999 by a large permanent plant near Innsbruck in 
the Austrian Tyrol. In the I’aiding furnace, curved electrodes arc 
so located that the lower portions are in close proximity, while 
the ui>per portions are inclined at an angle of about 90° to each 
other. Narrow so-called “kindling blades’’ pass through slits in 
the curves, liy means of the handU's, connected by the isolators, 
these blades can lie adjusted se()arately aud very accurately, so 
. as to present at one point a very short distance for the passage of 
the electric arc. A i)ipe situated immediately below this point 

1. U. 1>. I.SIi;7, OKB; iil)St. J. S. C. 1. I'.HK!, 22, 79,">. 

2. H. 1’. 7).")40, UHH; abst. J. .S. C. I. 1110.5, 24, 270. 

;i. K. I’. ISO(K), 1000; alist. J. S. C. I. 1007, 28, 071. 

■1. IC*!’. 7,S00. 1000; abst. J. S. C. I. 1000, 25, Ol!"). 

0. K. I’. 21S2S, 1002; abst. J. S. C. I. lOOH, 22, 70.5. 
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admits of the entrance of an air blast. Its nozzle is so constructed 
that the air current issues well spread out somewhat in the shape 
of a fan, and fills the space between the inclined electrodes. 

Wlien an alternating current is passed through the circuit' 
an arc is formed between the nearest points of the two electrodes, 
viz., between the extremities of the narrow adjustable blades. 
Under the pressure of the air blast it is forced upward, fills the 
space between the electrodes, and projects far above them, attain¬ 
ing ordinarily a total height of 25 to 8f) inches. To the eye, there 
is a continuous flame. Actually, with the rapid alternations of 
the cufrent, the flame fonns, only to vanish almost instantaneously 
and to reappear as quickly, being rekindled at the lowest point, 
where the terminals are nearest one another. The action of the 
sheet of flame is the same as in the other processes already de¬ 
scribed. The chief merit of the I’auling metliod lies in the very 
simple but practical provision for rekindling the arc at each half 
period of the electric current. The problem involves two leading 
factors. The distance between the eleclrotles at their nearest 
point must be sufficient to allow the easy passage between them 
of the powerful blast of air, without any material interference in 
the latter’s direction, as influenced by the construction of the 
nozzle. This distance is ordinarily 10 millimeters (1.571.'^ inches). 
vSuch an interval demands, however, an electric current of excep¬ 
tionally high tension in order to kindle the arc, especially when 
the rapid stream of air is passing through it. Once in activity, 
the arc is maintained with the aid of a current of low tension. 
It is here that the “kindling blades’’ come into play. They are 
sg narrow that they offer practically no obstruction to the blast 
of air pa.ssing the bulky electrodes. They are adjusted so that 
their extremities almost touch. ('I'he actual distance is 2 to H 
millimeters.) An electric current of low tension can thus be used 
to rekindle and maintain the sheet of flame. Once kindled be¬ 
tween the points of the blades, it instantaneously fills the fan- 
shaped space between the main electrodes. 

The electrodes are made of cast steel and are kept ccxil by 
the • circulation of a current of water. They last for about 200 

]. Data in connection with the above description of the Pauling 
process has tieen obtained from "Utilization of Atinos[>hcrie latrogcn,” T. 
Morton, 1912, pp. 00-08. 
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hours. The “kindling blades” are naturally more rapidly cor¬ 
roded, and it is necessary to adjust them at frequcnt»intervals 
so as to insure the proper distance between their points. They 
last about 20 hours, but are easily replaced. The easy adjust¬ 
ment of the blades, combined with the permanent location of 
the electrodes, arc all-important features* The resultant flame 
presents to the eye the appearance of unifonn size and in¬ 
tensity. 

The Pauling system includes another valuable feature in con¬ 
nection with the cooling of the current of air which has passed 
through the flame. A portion of the current, which after issuing 
from the furnace has been cooled down to the proper temperature 
to enter the peroxide chambers, is switched off before reaching 
the latter and blown into the upper parts of the flame from nozzles 
placed at its edges. The pressure of this cooling current is less 
than that under which the main air stream enters between the 
electrodes. As a result the gases in the upper zones of the flame 
arc rapidly chilled to a much lower temperature, and the*secondary 
current exerts a certain suction, which broadens and heightens the 
sheet of flame. The gas stream leaving the furnace contains 
1.15% to 1.5% of nitric oxide. 

As in the other processes already described, the Pauling 
electric flame operates inside a Turnace of refractory material. 
It has been found that the best results are secured by employing 
two arc flames in a single furnace. 

The type of furnace now in actual use requires a current of 
*400 kilowatts for each unit in operation, with an electromotive 
force of 40(K) volts. A volume of 21,200 cubic feet of air is blown- 
into a furnace in the course of an hour. One operative attends 
to f) furnaces, and the factory of the company now includes 24 
furnaces. One peculiar feature connected with the transmission 
of the current of the Pauling furnaces dcscr\'es notice. By its 
aid a number of furnaces can be introduced into a single circuit. 
A5 stated above, two arcs are employed in each furnace, and these 
arc fed by a single current. This is rendered possible by connect¬ 
ing the middle pole of such a system (which is carefully insulated 
against earth connections) with one of the two terminal poles. 
For this unio*n a conductor of very high resistance is employed. 
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This device allows of the followiiiR sequence of changes in the 
alternatiCn of the current employed. At a given instant the 
entire voltage is brought to bear at the interval between two 
electrodes, where the arc has been interrupterf. As soon as the 
arc is re-established the tension at that point sinks notably. The 
entire voltage is then directed upon the poles separated by the 
high resistance. At these, however, arc also poles for the cotn- 
panion arc, a tension nearly as high as that available for kindling 
the first arc is now active in kindling the second arc. In the 
instant when the latter is formed the circuit is completed through 
the tAfO electric flames and the voltage is exerted in creating the 
two sheets of flame. 

By an additional device a number of furnaces can be linked 
in the same circuit. This consists in the use of an ancillary 
electric current of very high electromotive force but of low porver. 
By an ingenious switching metluKl this secondary current comes 
into play as high tension is needed for kindling arcs, but is shut 
off as the main current develops the several sheets of (lame. 
This method overcomes the difficulty arising from the fact that 
a much higher electromotive force is re(|uired for kindling an arc 
than for its maintenance when once kindled; in conse(|uence, the 
energy of the current can be devoted almost exclusively to the 
maintenance of the flame, the central feature of the manufacturing 
process. The gas stream leavys the furnace at a temperature of 
alxmt 1(M)()° C. It is ccwled, the nitric oxide is transformed into 
peroxide and the latter ch.anged into nitric acid, much as de¬ 
scribed previously in connection with methods now used in Nor- 
•way. The heat of the furnace gases is utilized in heating the air 
blast forced into the furnaces and in evaporating ihe solutions 
of nitric acid, of nitrites, or of nitrates obtained as final products. 
Thus far nitric acid is almost the sole product, as nearness to 
extensive markets renders it much more profitable than any form 
of nitrate at current prices. A system of pipes and towers of 
earthenware is used for the acid formation and absorption. Tlic 
strength of the acid issuing from the towers ranges from tiV/i, to 
40%, it is concentrated to a (10% acid by the aid of the heat of the 
furnace gases. The last traces of oxides in the current of gases 
issuing from the absorption towers are extracted b^ forcing the 
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stream through a solution of alkaline hydrates and transforming 
the* oxides into nitrites, as previonsly described. The industrial 
operation yields (iO grams of anhydrous nitric acid, HNO3, per 
kilowatt hour. 

The Pauling process combines a much greater variety of 

• clever devices to utilize the electric current than do the rival 
methods and yet from a mechanical standpoint it is necessarily 
simple in constructive features, capable of easy control, and in¬ 
volves only slight expense for wear and tear. The rapidity of 
cooling the gases issuing from the zone of maximum temperature 
is distinctively greater than in the other two processes. It may 
ultimately prove a formidable rival of the Norwegian systems. 

A series of five absorption towers arc next traversed by the 
current, hvach tower contains 2.")0 tons of fragments‘of acid- 
resisting brick. A current of water is forced to pass successively 
from the final tower of the series to the first tower. The dilute 
acid secured from the five towers shows a constantly increasing 
strength—from 10° Baumd to l.j°, to 20°, and finally to 30°. 
The last-mentioned strength corresponds to -10% of IINO3. 

A higher concentration is secured by conducting the 40% 
acid into iiorcelain vessels, which are placed in a main traversed 
by a part of the hot gases issuing from the furnaces. This current 
carries along not only the water which is evaporated but also a 
small amount of acid. 'I'he acid vaixirs arc condensed by direct¬ 
ing the current through coils of earthenware pipe. The dilute 
acid thus formed is added to the stream passing through the 

* absorption towers, while the gas current on leaving the condenser 
enters the oxidation chambers. By this method a 50% acid is 
easily obtained. It is possible to secure a 00% acid by forcing 
the concentration, but as a rule 50';{, acid is manufactured. The 
00% acid is transformed in these works into a 98% nitric acid 
by adding double its weight of 92% sulfuric acid and distilling. 
The prixluct thus seaircd contains only 0.00% of nitrous vapors. 
K tower filled with fragments of lava and heated externally is 
used in this operation. The mixture of the two acids is driven 
into the tower in the form of spray. Nitric acid in the form of 
va'por escapes from the top of the tower and is condensed. At 
the base of the tower 80% sulfuric acid flows out. It is concen- 
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trated by evaporation and used repeatedly. 

In tlj»se works, and also in the works in Tyrol, H. Pauling’s 
electrolytic method for concentrating nitric acid (D. R. P. 180052) 
has been employed. This metlHxl is an ingeuious one and com¬ 
paratively simple. It may be destined to play a r61e of consider¬ 
able importance in the' production of !)<S% acid from the dilute 
nitric acid obtained by the oxidation of atmospheric nitrogen. 
At present the cost of the electric energy consumed appears to 
be too high to warrant the use of the process on a commercial 
scale. The operation is so conducted that the oxides of nitrogen 
formed on the cathode during the electrolysis of nitric acid are 
conducted directly into the portion of the acid surrounding the 
anode. Here they are oxidized to nitric acid by the nascent 
oxygen liberated on the anode, hiventually the acid at this 
point attains the maximum concentration. 

The gases leaving the final absorption tower at La Roche-de- 
Hame are conducted through sand filters to insure the condensa¬ 
tion of traces of acid. 'I'liey then pass through a series of towers 
charged with sodium carbonate solution. A 20' ,’ sodium nitrite 
solution is thus obtained. It is evaporated with the aid of the 
heat given off by the furnace gases, Tlie crystals thus secured 
contain 0.')' ,' nitrite and .'!', nitrate. 

The ])rocess yields (it) grams-of HNOj per kilowatt hour. 

In a more recent process' the gases ff)rmed in the electric 
combustion of air are passed, after traversing an absorbing ap¬ 
paratus acting in the well-known way, through sulfuric acid, and 
employ the nitrous vitriol thus obtained for drying the cooled 
gases of the reaction in front of the oxidizing space. This acid 
is then brought again to the concentration required for oxidizing 
the remaining gases by the heat of the furnace gases. The nitrous 
gases, remaining after the previous oxidation and intensive ab¬ 
sorption, are mixed, according to whether they contain an excess 
of NO or of NOi, with part of the gases leaving the oxidizing 
space, or else with a corresponding portion of the non-oxidizeil 
furnace gases, in such proportion.! that for each NO there is a 

1, D. R, P. 21t.S.t0, 21(1712; ahst. C, A. 1012, S, 22i:t, 2.V)4; Chetn. 
Zentr. 1012, 83, I, 11(12, 1872; CTu-iii. Zlg, Rep. 1012, 38, 2.84, .802; Wa*. 
Jahr 1012, 58, 1, 410, 12(1; Zts, aiix. Chem. 1012, 25, tOTS, 1(148; Zls. Schicss, 
Spreng. 1012, 7, ‘22(1, 218 ('. .S. I>. 10,77077, lOOltflO; abst. C. A. 101.8, 7, 

2288. 
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moleaile of NO 2 present, or vice versa, ^fhe ga,seoiis mixture is 
exposed to absorption by alkaline absorbents, sulfuric acid, or 
similar reagents. The sulfuric acid, after being saturated with 
NO and NO 2 , or N 2 O 3 , is denitrated in special apparatus, then 
again concentrated and again used for absorption, conducting the 
nitrous gases coming from the denitrating apparatus into the 
principal absorbing apparatus. 

The nitrous gases pnxluced by the combustion of the air, 
after oxidation and absorption, are treated with sulfuric acid' in 
a tower for the absorption of the residual gases, the nitrous sul¬ 
furic acid thus obtained being used in the tower for drying the 
gases, it being at the same time denitrated. Complete denitra¬ 
tion is effected in the plant, and the acid returned to the concen¬ 
trating tower from which the concentrated acid is returned^ to the 
absorbing tower. 'I'lie gases pass through a condensing plant 
through which a part of the water is removed before they pass 
into the drying tower. 

In another modification," the stream of nitrous gases to be 
absorbed is met by an opposing stream of lye, which separates 
some of the resultant nitrite from the lye at a point in the common 
path of the stream. In some instances," in the manufacture of 
nitric acid from mixtures of nitrogenous gases and water, the 
process may be advantageously modified by artificially cooling 
the mixture to a temperature of 0° or lower. ' In another devia¬ 
tion of the main process,’’ the air or -air saturated with oxygen, is 
heated above 121)0°, and as soon as the reaction has taken place 
the temperature of the mixture is rajiidly reduced by passing the 
\aipors over refrigerating or cooled .surfaces. 

Decomposition of nitrogen oxides formed by the combina- ’ 

I. 1C. P. 22.320, 1910; abst. C. A. 1011, 5, 2020; J. S. C. 1. 1011, 30, 
8-1; Chem. 7.1%. Rep. 1011, 35, (Hi. Iv I’. 11121, 1011; abst. C A. 101.3, 7, 
221; J. S. C. I. 1911, 30, 12,32. K. P. 14122, 1011; abst. C. A. 101.3, 7, 221, 

J. S. C. 1. 1011, 30, 12.32. 1). R. P. 1.34932, 1011; abst. C. A. 1911, S, .3(512; 
Mon. Sci. 1903, SO, 71.3; 1004, 61, .30; Chem. Ceiitr. 1002, 73, 11, 102.3; Chein. 
Ztg. Rep. 11H)2, 26, 070; Chem. Zts. UHW, 2, 28.3; Jahr. Chem. 1!H)2, 55, ltH)l; 
Wag. Jahr. 1002, 48, 11, 271. Swiss. P. .37.3,31, 1911. 

’ 2 . U. S. P. 1001(130, 1013; abst. C. A. 191.3, 7, 2288. E. P. 9884, 

1010; abst. C. A. 1911, 5, 2313, 2419; J. S. C. I, 1910, 29, 11.37. Can. P. 

12.3224, 1010; a!)st. C. A. 1910, 4, 10.37. 

3. E. p. 7871, llHKl; abst. J. ,8. C. I. IlHMi, 25, 7.38. 

4. E. P. 2.3383, 1908; abst. C. A. 1010, 4, 2100; J. S. C. I. 1010, 29, 88 

.3. E. P. 30,3070, HKHi; abst. C. A. liH)7, 1, 2327; Mon. Sei. 1907, 67, 

94; 1911, 75, 571. 
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tion of nitrogen anrl ojfygcit at high temperatures,' is prevented 
Ijy allowing the reaction mixture to expand without fall of tem¬ 
perature. For this purpose the reaction chamber in which the 
combination is allowed to take place, is connected to a vacuum 
chamber, and if ihe heat transmitted front the chamber is not 
sufficient to maintaip the temperature of the exj^anded gases 
which are heated by conduits in the wall or by a llame arc. 

In the concentration of nitric acid according to 11. Pauling,- 
it is preferable to employ the diluted nitric acid as free as possible 
from organic substances, nitrogen oxides and nitrosulfuric acid. 
From a mixture of one part of IS' ,' UNO;, and two parts of (I P j 
sulfuric aci<l, it is easy to continuously obtain lib' ,' IKS' j, UNO,,, 
without any substantial amount of weaker acid remaining. .\c- 
cording to his French patent," nitric acid of EO'V when gradually 
passed through a series of evaporators, acid up to CtS', is ob¬ 
tained. Tlicse vajjors are passed through dephlegmalf)rs at 
various heights. Where a portion of the concentrated nitric acid 
is added ko the nitric-sulfuric acid mixture, it is possible to obtain 
anv desired concentration u]) to ll.S' , 11X0;,. 

Other Nitrogen Fixation Processes. In the recently deset it)cd 
processes of M. Ooold-.Xdams, J. Partington and hi. Rideal,' 
nitrates are produced by the absorption ol nitrogen oxides (such 

1. tv, I’, 22.'iHI, into; ahsl. J, (L C. I. I'.H I, 30, 

2 f ,S I>. nna.sn.s. I0.■^lsnl; al)st. M<iii. Set. H)I2. 77, IS; CtuMti, 
Ztg. Rep. inn, 35, 242; C. .A. in,l2, S, 2li7{'.. I'. S. 1>. 10 :!I,SIm, in7l2S7, 
in7n.7ll; ahst C. 11112, 6, 207(1; ini;!, 7, :i.S2l; 11111, 8 , 1(1.7; Man. Set. 
ini:! 79, .’l- ini4. 81, 27. .•\usl. P. IWI.'i, 4,S.SI(1; alist. Zts. .Sdiii-ts. Spreii);. 
mil. S, .■!77. K. 1’. 4.7044S, 4('.:t.S,7n; atm. C. mi;i, 7, 2nni); mi l. 8 , 2!I27; 
Clu-m. ZtK. Rc|). mm, 37, 2SI; 11(1 I. 38, .'iin, IL K. I’, 2.77.HO!(; [ihst. C. A, 
mm, 7, 24.7S; Clu'iii. Zeiitr. 11112, 84, I, 124.7; Clii-m, ZtK. Rep. 11112. 37, 
IC)!!; Wax Jalir. 11(12. 59, I, 424; Zts. aiiK. Clicm, mi2, 26, 227; Zts. Seliiess, 
Spieng. 11(12, 8 , 17S. I). R. I'. 2711(17; C, A. Idl I. 8 , 21(20; Clielil. 

Zeiitr. mi l, 85, I, IIWI; Clicin. Ztt;, Rep. 11(11, 38, 222; Wat;. Jalir. 11111. 
GO, 1, 2.77; Z.ls. aiiK- Cliem. 11114, 27, 2H7. 

2. .See also: .N'orsk. Ilvdro-lilektrisk Kvaelstofaklie.setskal), P. S. I’, 
12(10224. mi(l;al)st. J, S. C. I. mill, 35, 11.70. F. 1‘. 4.7LSI2, mi2; 177720, 
11(1.7; ahst, J.S.C. I. KUO, 35, 001; C. A, 11110,10, 1.7H2; Moll. 8ci. 11111,81,7. 
1). R, P. 20011111, m07; ahst. C, A. IIIO'.I, 3, 11(111; Mon. -Sei. 11112, 77, KO; 
Clieiii. Zeiitr, moO. 80, I, 1127; Cliem. ZtK. Rep. IIHIK, 33, 127; Cheiii. Zts. 
IIMHI, 8 , No. 1124; Wan. Jalir. IIKH), 55, I, 117; Jalir. Cliem. IIIOll, 62, .Til; 
Zts. ailg. Cliem. 11(01), 22, .7.71; Zts. IkJiiess. .Stiieiig. 11)01), 4, 1)7. Nor. P. 
201)07, mil); ahsl. C. A, 11)12, 6 , 11)71; Chem. Ztg, Re|). 11)11, 35, 121); Mon. 
Sei. 11)14, 81, 8.2. Nor. P. 277.70, 11)17; ahsl. C. A. 11)17, U, 1721. Jap. 

20228, 11)1(1; ahst. C, A. 11)17, 11, 1721. . 

4. IC. P. 12071.7, 120710, 120717, PiDOlUl, 11111); ahst. J, S. C. 1. IDll), 
38, 41)1), 081-A; C. A. mm, 13, 21).S0. 
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as U\^‘ products of the electric arc, oxidation of N or of the ox 
ulatioii of atinuouia) in solutions or snsjK-nsions of alkali, alkaline 
earth, or the copper or zinc comjxnnids, wherein a series of ab¬ 
sorption towers or chambers are einjiloyed, the.gas beins ))assed 
throiiKh until the solution contains only nitrsute. The nnabsorbed 
oxides are oxidized to NO 2 , and led into another absorption 
chamber.' 

B. llalvorsen- obtains nitrons pises in concentrated form 
from dilute piseons mixtures by absoriition in a dry mixture com¬ 
posed of Nat >11 and an oxide as ferric, zinc or alnmininm, and 
then heating the iirodncts with steam. This produces nitric acid 
and concentrated nitrons pises, and prepares the residue for fill- 
ther treatment use as an absorbent. 

K. (Jninan' manufactures nitric acid by the oxidation of 
nitrogen or ammonia, the nitropai oxides beint,' absorbeil by water 
which is distributed over ])ermeable diaidiragms, throiiKh which 
the pises pass witliont ajipreciable percolation of tl'.e liipiid. 
Tlie gaseous reactions take place in chambers of such a volume 
as to give snllicient time for the reaction. Improved control of 
temperatures and lower cost of plant as compared with towau'S 
is claimed. 

In the (i. 'roniole jirocess,' I'f nitric acid manufacture, by 
absorbing nitrogen oxides in water m a series of tow'crs in counter¬ 
current, strong cooling of the acid'passing from tower to tower 
being cITected by artificial refrigeration so that the acid entering 
i‘ach tower may be in the neighborhood of its freezing jioint; the 
acid entering the last tower may be 4° .j°, the earlier towers 
carrying (io'X acid being around 2.')“.“ The devices perfected by 
A. Lindblad" arc so arranged that the material to be combined 
with N is charged, together with a gas containing N, into an 
electric furnace open at the top in conical form and [irovided near 

I S Kvdc, K. I’. 2,Siil4, lilOl; uhst. J. S. C. I. ISIO.''), 24, lll!l. Sall- 
petersaeure liiil. (k-s. Iv. l>. iW.St, miU; abst, J. S. C, I. 1010, 29, 11 .". 

• 2. t'. S. I’. nil!); abst, C. A. Ii»m, IJ, 2!t7.S. 

;i K P. 1.4102!), lObS; abst. J. ,S. C. I. 1010, 38, 71S-A; C. A. 1020, 
14, 07. 

4. K. I*. 12U«.'), 1017; abst, J. S. C. I. 1010, 38, 104-A; C, A. 1010, 
13 str' 

’ yr Sec Norsk. Hydro-Iilektrisk Kvaelstofakticsciskal), U. ,S, P. 127:!0t)l, 

lOlS; abst. J. S*C. 1. 1918, 37, C22-A. U. P. I HHO.'i, 1018; abst, J. ,S. C. I. 
1010, 38, ()22-A. 

0. Swiss P. 7870^1, 1018; abst. C. A. 1010, 13, 128... 
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the narrowed portion with an electrode, so that the material 
serves tl> eoiuluet the current to the walls of the furnaee as a 
resistant eharne. 

In the absorption of nitroften oxides in "an upward spray of 
water and air in an ctiipty tower in which the S))ray is produced by a 
jet of compressed air opening below the surface of water in the 
Irottoin of the lower,' the jet is surrounded by an inverted funnel 
having holes, the upper part of the funnel being above the level 
of the water. This arrangement is designed to |)revent irregu¬ 
larities in the working of the jet owing to variations in the level 
of wilier. 

Oxidation of Ammonia to Nitric Acid.- In ISli'.l h'. Kuhl 
mami'’ observed that when a mixture of ammonia and air is led 
over pralinum sponge in a glass lube heated to about dOO”, the 
])latinnm continues to glow, and a mixture of nitrous and nitric 
acids residt with an exce.ss of ammonia. When the mixture was 
passed through a heated porcelain tube, the reaction although 
apparent--was slow. It was found that platinum black was less 
efficient than the s|)onge, and elemental copjier, nickel, iron and 
copper hydroxide still less energetic. W. Moldenhauer and (). 
Wchrheim^ observed that cyanogen and hydrocyanic acid are 
more readily oxidized than ammonia. 

K. Kraut’’ and others'' hate recorded that red fumes result 

1. B. Dawson, li. IV 120.S()'.), I!»1K; nt>st. C. A. I'.H'.I, 13, (itO. In this 

eonneetion see also TTie Air KotlncTion Co., Can. I'. HlgO. li. Asii- 

croft, Can. P. HMi-tDO, alist. C. A. 1020, 14, (iOX. Hneb, J. (',asbel. 

1019, 62, 2; alist. C. A. 1920, 14, 598. A. Crowell, Jr., tl. S. P. i:i2l8',»2; 
abst. C. A. 1920, 14, 224. C Gray anil li. Ilaycnlochcr, lilec. W’orlil, 1919, 
74, I0.')2; abst. C. A. 1920, 14, 490. A. Lipinski, Can. P. 19740.5, 1920. 
li. l.of, lilec. World, 1920, 75, 148; abst. C. A. 1920, 14, 490. I,. Mage, 
li. !'. 124229, 1919; abst. C. A. 1920, 14, ,S0;i. Iv. Maxted, Cliem. Age, 
1920, 2, 0; abst. C. A. 1920, 14, .598. Nitrogen Co., I). K. P. 2.5,S2!)5; abst. 
Chetn Ztg. 1912, 37, 220. J. Ikietersmixai and C. Rabot, Teekn. I’keblad; 
lilec. World, 1920, 75, 222; abst. C. A. 1920, 14, 490. J. usthes gaz. 1919, 
43, 200, 272, 29.5; abst. C. A. 1920, 14, 212. 

2. Considerable of the data embodied in this topic has been abstracted 
from "Memorandum on the Gxidation of Ammonia to Nitric Acid, ” N. P. C. 
Doc. No. 02, by J. Partington, January 15, 1917. 

2. Ann. i8.'i9, 29, 281; Mem. Soc. ,Sci, I.ille, IKiK, 88; abst. Berz. Jalit. 
1840, 19, 178, 

4. Zts. ang. Chem. 1914, 27, .{24; abst. C. A. 191.5, 9, 417; J. S. C, I. 
1914, 33, 748. 

a. Ann. 1805, 136, 09; abst. Zts. Chem. 180.5,8,027; Ann. Chim. Phys. 
1866, (4), 6 , 479; Bull. 8ix-. Chim. 1800, 5, 2(Hi; Phil. Mag. 1865, (1), 30, 
448; Chem. News, 1.80.5, 12, 221; Jahr. Chem, 1.80.5, 18, 1.56, • 

0. A. Hofmann, Ann. 1800, 115, 28.5. W. Heintz, Ann. 1804, 130, 
102. S. Lupton. Chem. News, 1878, 38, 227. W. Hodgkinson and K. 
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with iiilcrniittont explosions when a liot pluliiiinn spiral is huiiK 
insKle a flask coutaiiiiiiK ammonia, and through which Oxygen is 
passed. K. Aiibertin' proposed as catalysts, chromium oxides 
and chromates; T. du Motay advocated- m^inganates, perman¬ 
ganates, bichromates and alkali plumbites; Siemens & IIalske'‘ 
' used an ozonizer, while H. Schwarz* employed sodium manganatc, 
and R. Marston® obtained best results by passing air and ammonia 
over hot copper. 

n. Meninghini,''' and V. Rcinders and A. Catz^ em])loyed 
various oxiilcs, but without concordant results. W. OstwaUl in 
1002 published the results of liis researches on the catalytic 
oxidation of ammonia by platinum, for which patent protection 
was granted.** Ostwald was unsuccessful in obtaining a ('icrman 
patent, on account of the jiriority work of F. Kuhhnann.' 

K. vSchick'' employed ])latinizcd, glazed porcelain tile, which 
was claimed to have a longer life than platinum sponge. A fac¬ 
tory at Gcrthe, Westphalia'" was erected, the Nitrate PriHlucts 
Co., absorbing the Ostwald ])atents for Ivngland." K. Kaiser'- 
patented a method of pre-heating the air before mixing with 

I.owndcs, Clicni. News, 58, 27. D. Hamniick, Clieiii. News, I!)I0, 

114, 2S.';: abst. C. A, I!I17, 11, 420. 

1. H. 1>. IbSI, IK7I. 

2. Dent. IikI. Ztx. I.S7I, OSH; abst. Clieni. Tech. Uei). bSTI, 10, II, 
127; Wax. Jahr. IS71, 17, 20(1. IC. 1>. -lill, 2201, IS7I. 

0. I). R. 1*. S.5I00; abst. Ber. ISOO, 29, 2-1.7; Men. Sei. ISilO, 48, 72; 
Cheni. Tech. Rep. ISOO, 35, ItlO; Wag. Jnhr. IHOO, 42, -IK); Cliciii. Ztg, ISOO, 

204; Chciii. Cciitr. ISOO, 67, I, 1210; Zts. aiig. Chciii. ISOO, 9, 7~>; Jahr. 
Chem, ISOO. 49, 414. 

4. Dinxl. Poly. 1.S7,'), 218, 210. 

r,. K. P. 10074. intM); abst. Cheni. Ztg. 1002, 26, OIKi; J. S. C. I. 1001, 
20, 1200; Mon. Sci. 1002, 58, I,'VI. 

0. Cazz. chim, ital. 1012. 42, 1, 120; 1010, 43, I, SI; abst. J. S. C, I. 
1012, 31, 080; 1010, 32, 200; Chein. Ztg. Re|). 1010, 37, 07S. 

7. Chcra. Weekblad, 1012, 9, 47; abst. Cheni. Zeiitr, 1012, 83, I, 70S; 
I. S. C. 1. 1012, 31, 2S0. 

5, !•;. P. OOS, S0(H), 1002; abst. Chem. Ztx. lOOO, 27, 4.77; J. .S. C. I. 
1002, 21, .'its. !•'. P. 0I7.'VI4. Swiss P. 2.'VSSI. U. S. P. S.'iSOOl, 1007. 

9. Chcinische Fabrik Griesheiin Itlektron, H. P. IO!).54. 10.SS.'), 1907; 
ab-st. J. S. C. I. 1908, 27, 447. K, P. 0S0SS4, 1907; abst. J. S. C. I. lOOS, 27, 
22. tl. S. P. 071149, 1910. K. P. 144-tS, 1011. 

10. Elec. Rev. 1911, 00, .T:!!; Chem. Trade J. and Chem. Engineer, 
191.7, 56, 550. 

11. Chem. Trade J. 191.7, 56, 4.7, 5.00; 57, 20; Sei. Amcr. Suppl. Sept. 
25, 1915. 

•12. R. P. 2012.7, 1910; ab,st. J. .S. C. I. 1910, 29, 1.077; C. A. 1911, 5, 
2707; Chem. IJtg. Rep. 1911, 35, 0. F. P. 40.7;197, 1912; abst. Mon. .Sei. 
1913, 79, 132. Sec W. Hochmann, Pharm. Inst. 1911,8,81; abst. Chem. 
Zentr. 1912, 83, 1, 689. 
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nmuuniia, and passing over a plalinnm catalyst, iridiinn gan/.e,' 
being used*in a snbsecjnent process. 

!•'. Bayer & Co.- pass tlie ammonia over tlie catalyst at (1(1(1" 
7.‘i()° at high velocity.'* 'I'he Badisehe Co. proposed the nse of 
oxides of the iron group, the catalyst being in the form of Innips’, 
bisinnth oxide,*’ tellurinni'* or platimnn and lead.’ A. Ibank and 
N. Caro* advize the nse of eeria and thoria; L. Jones, 1). Morton 

1. li. 1>. L’KU'). Kill: al)st, C, .\. IKCi, 7, |.(().t; J. S, C. I K.I12. 31, 
77.">. 

•_>. 1). K. It l(l.S27g, KlOlt: ahst WaR. Jalir. K.IOli, 52, I, I IK. CluMii. 

Centr. J'.inti. 77, I, IK.I.S; Cheiii Zlt;. K.KIil, 30, IL’.t; Z(s. aiiK. Clu-in. KIOK, 19, 
K.MI; Jahr. Clieni. KKl.t K.KIS. 1, 1777; Clu'ia. Zts, KMIf,, 5, a 11. Zts. Sollies', 
Siirciii;, K.HId. 1, l(i:(. K. It l.S.'iKl, KHi:i; alist. J. S, C. I. IKDl. 23, 7S7. K, K. 
KKlS.'i'.K ahst. C. .V. KM I. 8, gllil; Mini. .Set, IKl t. 81, 7.7. Cliein. Z(k. Ke|> 
Kil't, 38, 2;i7. It. K. 12lt(ir,; ahst. Cliotn. ZtR. KH.'). 37, 22.S. 

•'i. It. iMa.sted. [. S. C. 1. KM,, 36, Kiiniiieoiins KM7, 104, l.'t!, 
Chern. Trade J. KI17.'61, 72: C. .\. 1017. 11, 271,s. 

4. r. S, K. 1(I0(IS2, Kil l. li. K. 2411. K)II.S; 02(i:i, lOKi; hilW. KtSIS, 
Kill; 7l).')l. i;i207, i:i2!lS. lOl.'i. K. It :iO.S7:!.S, 10(10. f. K. llIlKi. I Kis77 . 
41701(1. tl.Hd.'iO. "ll,S2S7. 41.S4:il, 42.')000, .'tdd, l.tOSI, 111022. K.M2; 4:(120.s, 
.■\dd. ItiH.'i.'!. 1012: l.-iSO.-id, 4(i42:>7, 4iili;il):j: ahst. Mini. Soi lOl:!. 79, 74, .Sd, 
.S.'i, stl: I014,‘81, 72; 101(1. 83, 14: Clieiii Zts. Kill, 35, :it2 I). K, K. ,\iiiii. 
n-lti:il0 1). U. It 2:K720. IOKI; 2.s;iS24, Kll.'i. Swiss K. liOO.tl, 72110(1, 
('.. Tavlor, I. Ind. Kins. Cliem. IOKI, 11, 1121; ahst. J. S. C. I. 102(1, 39, 
(il-A 'G. Tavlor and I, Knapp, li, K. i:!42:(7. lOhS; alist. C. .\. 102(1, 14, 
H(«. K. Kowlands, li. It 7740, 1012: ahst. Clieni, Zts. (Old. 37, .'i.'lli le 
Miiller, 1). K. K, Anm. .M. 4.7,'>0.S; ahst. Cliem. Zts. KIKi, 37, :i(l2, O. Moore, 
j. Cnnninsliam and J. Stokes, Dels. K. 2.71117; ahst Client. Zts (Old. 37, 
22H. C. Montsoinery and li. Koyston, li. K. KtlllOO, 101(1; ahst. C, .\. 1020, 
14, dlS. li. Manrer. Zts, anors. C'lteih. 1010, 108, 27M; ahst, I. H, C. I. 1020, 
19, 01-A. A. .Matisnon. Swiss 1*. 77.>.'i!l; ahst. Clii'tn. Zts lOl.'l. 37, 41, .'\ 

l.ovvcnstein, f, S, I>, i:(2227l, lOlO: ahst. C, A. 1020, 14, .'iG; J. S. C, 1 
1020, 14, 21-A. li Hasliip, li. R I.4.'..S,S',I, lOIS; ahst. I. S. C. 1. 1020, 39, 
IKhA. See C. S R KilOR.S, I:)I0470, 1010: ahst. J. S. C, 1. 1010,38,020 A. 
H. tialvorsetj, 17 S. It l.'ilOOoO; ahst. }. S, C. 1. 1010, 38, SI7fA. H. Goold 
.\dains, J. Partinston and li. Rideal, li. It I.'i.7224, KM7; ahst. J. S. C. I.' 
1020, 39, (12-A. R. (iardiner, f. S. It i:i2S0.S2, 1020; ahst. C. A, 1020, 14, 
K(W. R, Dawson, li. It I2;i.!44, 1017; ahst. Cliiin. Ind. 1020, 3, 214, A. 
Classen, V. S. It i:i2220l, 1010; alist. C. A, 1020,14,417. I. Cederhers, 
H. Baekstroin and C. Kvhlherser, li. It 127004. 127001; tihst. C. 1010, 
13, 2422, 2424; Chilli. Inti. 1020. 3, 214. li, liriner, Helv. Cliiitv: Aeta, lOK.i, 
2, 102; ahst. Cliim. Ind. 1020.3,211. C. Hoseli, Zts. lilektroeheni. lOl.H, 
24, 401; ahst. C. .\. 1020, 14, 702. J. Hainnann, Client. Zts. (OKI, 43, 100; 
ahst, C. A. 1020, 14, SOO. It karke. Can. It 100710, 100747, 1007 I.H, KI20. 
W. Bousfield and Nohel's li.viiRisives Co., li. It 141042, lOhS; ahst. C, A. 
1020, 14, 410. , 

.7, li: It I4.S4.S, K.lhl; 70.71, 1017; ahst. J. S, C. I. 101.7, 34, 700; 1010, 
35, 1017; Cheni. bid lOKi, 22, 117; Mnn, Sei. 1017, 83, 70. 

0. li. It 14207, 1017; ahst J. S. C. I. lOlO, 35, IlOH; Mnn. Sei. 1017. 
84, ISO; Chvm. Ind. Ann. Reii. 1017, 1, ISO. 

7. li. It 1420X, 101.7; ahst. .Mnn. Sei 1017, 84, ISO; J. S. C, I. I'OlO, 
35, 1017; C. A. 1017, 12, .724. 

8. D. R. It 221420, ahst. Wag. Jalir. IOKI, 56, I, 487; Cliem. Zentr. 
1010, 81, II, nil. 
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and G. 'iVrziev propose to use magnesiuifi, aluminium, zinc or cad¬ 
mium plnmbiles;' and Wendriner prefers uranium as the catalyst.’* 

The actual mechanism of the reaction in the oxidation is 
rather obscure, and has been variously represented as NO, NjOj, 
NOo and HNO3. It would appear, however, from the high tem- 
jierature employed that the initial pnxluot is NO.-' W. Ostwald 
states only sufficient air should be employed to form NO 2 ,'' while 
M. Rohmer maintains'’ that only sufficient air to remove the H 
from the NHa should be admitted. .Mtcr removal of the oxides, 
pure nitrogen for ammonia synthesis remains." The use of in¬ 
creased pressure after oxidation had been considered preferable." 
I'lie yield appears to be increased^ if the hot gases from the con¬ 
tact mass arc rapidly cooled. Although iron is resistant to nitric- 
vapors, parts of the apparatus exposed to them are preferably 
made of aluminium, stoneware or nickel steel," or ferrochroniium 
containing more than L’.')',';. Cr." 'I'liose parts exposed to the 
licpiid nitric acid are best made of silica.'" listimates of the cost 
of production vary greatly." 

The above skeleton outline has been greatly extended by 
the researches of Iv. Hriner and A. Baerfuss,'-Verein Chemischer 
h'abriken in Mannheim,''' W. .Adam," J. Baumann,'’’ A. Besson,"' 

I. l'. S. 1’. l();!7L>(il, lOlt’; ahst. C. A. 11112. 6, IthW; Mon. ,Sci. Iin.'i. 


79 , r,. 

2. Chcin. rinl. 11)11, 34 , tod; Id't, 37 , 20.-., . 

.'i, C. Mntignon, Chem. Trade J. and Cheni. ICni!. 1011. 54 , 170; C'heiii. 
7Ay, 1014, 38 , ,S04 , 000. Tcclini(iue .Moderne, lOl.t, 207. A, Kieliardson. 
J. C. S. I.S,S7, 51 , .-107. 

•I 1'. s. p. .s.'),son4. R. P. dos. .s;inn, 1002; 7000. ioo.s. u. r. p. 

2071.54. 1007; abst. J. S. C. 1. 1000, 28 , .1(1.5. W. Ostwald and R. Braner, 
R. P. ;i’l7.544.’ Swiss P. 2o.S.SI; Cheni. 7Ak. 100.2. 27 , 4.57. 

.5. li. S. P. 1000:102, lOOdlllKl, 1014; abst. C. A. 1014, 8 , 222S. 
d. R, P. 4.5:i.S4.5; abst. Chein. Zts'. Rep. lOKi, 37, 471. 

7. The Sneiete Oeneral des Nitrnres, R. P. 47:idlS; abst. Mon. Sei. 
1010, 83 , ,SI; Cliein. Ztg. Rep. 1010, 40 , ltd. _ 

.S. W. Ostwald, I). R. P. 2071,54, 1000; abst. J. S. C. 1 1000, 28 , .iba. 
Chetnisehe Rabrik Griesheiiii-Rlektnm, Iv. P. 1444.S, 1014. 

R. Seligniann and P. Williams, J. S. C. 1. 1010, 35 , 00.5. 

Iron and Coal Trades Review, May 22, 101.2; Chem. Ind. 1014, 
Cheni, Trade J. 1014, 2,S;i. Met. Chem. Rug. 1010, 14 , 41S. 
Helvetica Chim. Acta, 1010, 2 , 0.5; abst. J. S. C. I. lOP.I, 38 , 210-A; 


0 . 

10 . 

11 . 
37 , 207) 

12 . 


O. A. 1010, 13 , 12N2. j. Chim. Phys. 1010, 17 , 71; ab.st. J. S. C. I. 1019, 
38 , .572-A. R. Briner, Hel. Chim. Aeta, 1010, 2 , 1()2; J. S. C. I. 1010, 38 , 
2.S4, R. Briner and R. Mettler, J. Chim, Phys. 1008, 6, 1:17; abst, J. S. C. 1. 


1008, 27 , ,57.5. 

. 1.2. 1). R. P. 2112.24, 1014; abst. J. S. C. I. 1010, 38, 4(i2-A. 
12000, 1014. 
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1.5. ...., . 

10. Comnt. rend. 1011. 152 , 1850; abst. J. 8. C. I. 1011, 30 , 892. 


R. P. 


1014. . 

14. Cheift. Trade J. 1018, 62 , 181; abst. J. S. C. I. 10 37 , 1<9-A. 
1.5. Chem. Ztg. 1010, 43 , 400; abst. J. S. C. I. 1010, 38 , i lO-A. 
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W. Kaston,'" J. Fisclilor,"' P. Fox,'* D. Gaillard^'*General Chemical 
Co.,'* R. Glaser,'’ Goold (Balfour-Guthrie Investment Co.),'* H. 
Greenwood,'* Gros and Bouchardy,'-'' L. Hamburger,'" II. Hampel 
and R. Steinau,'"' Hanna and Major,"' A. Henwood,'" H. Hoyer- 

1. Nenist-I'Vstschrift, Hti; al)st. Cliem. ZiMitr. 1012. 83, II, .S0.'i; J. S. 
C. I. 11)12, 31, Dll). 

2, Power, IDll), 49, 424, 4S2, o.tS; abst. C. A. I'll!), 13, 27;i,S. 

li. 1>. 127(Ki:i, 127«)4, 11)1,S; abst. C. A. 11)11), 13, 242:); J. S. C. I. 
11)11), 38, 440, Allo-A. K. P. 4,S.SS21, 4S.S.S22. In tills eonneetion see Iv P 
120)H, ISIW: 2401. 11)02; "iH.-j.a, 17411, 2,S107. 1011; 101)1).'), 11)1.'); abst. 0. A. 
1912, 6, 2000; lOb), 7, 40:), 111.0.S; lOl.O, 9, ;).-)S. 

4. Compt. rend. 1017, 164, ■OS,'); abst. J. .S, C. I. 1017, 36, .Al.'i, P. P, 
.'ilDO.'iO; abst. Mon. .Sei. 100:), 59, 14. 

0. r. S. P. 12.')OS7.'i, lObS. Iv. P. 7.S0O, 1014. I). R. P. 2XS1.70. 

0. Compt. rend. 1010, 168, 1001; abst. C. A. 1010, 13, 1002, 

7. J. Frank. Inst. 1010, 187, 700; abst. C. A, 1010, 13, 10'22. Cf. 
C. A. 1010, 13, 11:)0, i;j72. 

8. ICngineering, 1012, .000. A. Morvillez, Ind. eliiin. rev. Prod. Chitn. 
1018, 5, 101; abst. C. A. 101.8, 12, 1082. 

0. Kleg, World, 1010, 73, 281; abst. C. A. 1010, 13, .0;)7. J. I'lbert, 
r. S. P. i:)i;)880; abst. C. A. 1010, 13, 2744. 

ill. Science, UUO, 40, t)2t); abst. C. ;\. P.110, 13, :)012. R. Davis and 
I,. Olmstead, Hcience, 1010, 49, 021); abst. C. A. lOlO, 13, .')0I2. 

11. Cheni. Ind. 1014, 37, 200; abst. J. S. C. I. 1011, 33, 000. It 
Donath, C'hem. Ind. 1014, 37, Ob). C. Dafert, I lest, t'beni. Ztg 1012, .00 

12. J. A. C. S. loo:), 25, 1042- abst. J. S, C. I, li)0:), 22, 12.08. A. 
ChapiKTO, Ind. Chim. min. met. 1010, 6, 41 ; abst. C. A. 1010, 13, 1244. 

b). Chem. Ztg. 1010, 43, 11; absU C. .V 1010, 13, 1018. See also C. A. 

1010.13.112.8. 

14. J. Ind. ling. Chem. 1017, 9, 7;)7; abst. J. S. C. 1. 1017, 36, 100.0. 
C. Tlmrsell and H. bunden, C. .S. P. *12.8.87.00, 12.88700; idist. C. A. 1010, 13, 
0-11. K. P. b)2020, i:t2020, bi2,882, b)2.88;), 11)0772; abst. C. A. 1020, 14, 
:tl0, .420. J. S. C. I. 1020, 39, .80-A. Can. P. 1.80000 ti. 1,80001. 

10 J. Ind. ICng. Chem. 1010, 11, ^4.0; abst. J. S. C. I. 1010, 38, ,800-A; 
C. A. 1010, 13, 10,80. H. Fischer, Her. Dent. Dot. Ocs. 1017, 35, 421); Ab. 
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18. H. P. Appl. 74tti, 1910; abst. J. S. C. I. 1010, 38, 2:)8-A, A. Cocking 
and KyiUK-h, Ltd , K, P. 12.0444, 1010; abst. C. A, 1010, 13, 2208, 

10, U. S. P. i:jl2.0:)4, 1019; abst. C. A, 1010, 13, 2420. Greenwood and 
Tate, li. P. 7.'j2:), 1010; abst. J, S. C. I. 1019, 38, 2;),8-A. 

20. li. P, Appl. 4400, 4000, 1010; abst. J. S. C. I. 1010, 38, 101, 200 A. 

21. Chem. Weekblad, 101,8, 15, O.ll; abst. C. A. 1018, 12, 228:). 

22. Chem. Ztg. 101,8, 42, 4.80; abst. J. Ind. ling. Chem. lOlO, 11, Ht^.S; 

abst. C. A. 1010, 13, 1128. Chem. Ztg. Rep. 101.8, 42, .004; abst. J. C, S. 
1010, 115, 02. < 

Zi. li. P, Appl. 20074, 1910; abst. J. S. C. I. 1010, 38, 700-A. 

24. U. S. P. i:)09022, 1910; abst. C. A..1019, 13, 2122. 
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mann,' K. Jellinek,- L. Jones and C. Parsons,’ W. Landis,’ F. 
Liljflinroth,’ R. Maxtcd," F. Metzger,’ The Nitrogen Corpora¬ 
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J. Partington,” P. Pascal and R. Decarriere," R. Pease,” R. Per- 
.tnaii,” R. Rabinovitz," O. .Scagliarini,'* F. .Sc-hreiber,” h'. .Slocum,'” 
L’Air Riquide, Soc. Anon, pour I’Ktude ct I’Rxploit dcs Proc. G. 

1. ChcMTi. Ztg. 1902, 26, 70; abst. J. S. C. I. 1902, 21, 100. 

2. Zts. anorg. Chcm. 1911, 71, 121; abst. J. S. C. I. 1911, 30, S92, 

2. K. I’, l.m'd, 191H; abst. J, S. C. I. 1919, 38, 817-A. L. Jones, 
U, S. P. 13077;i9, 1919; abst. J. .S. C. I. 1919, 38, ,a7'.-A; C. A. 1919, 
13, 22.')n. 

4. tl. .S, P. 1290820, 1919; abst. J. .S, C. I. 1919, 38, .‘102-A. 11. S. P. 

1292814; abst. C. A. 1919, 13, 999, Cliem. Met. ling. 19l!l, 20, 470; abst. 

J. .S. C. 1. 1919, 38, 410-A. Met. Kng. 1910, .87; abst. Cliem. Ind. 1910, 
39, l.aO. 

.O. Cliem, Met. Kng, 1918, 19, 287; abst. J. H. C. I. 1918, 37, 720-A; 
C. A. 1918,12,2412. 

0. U. .S. P. 1290992, 1919; abst, C A, 1919, 13, 102;), K. P. 127242, 
120022, 120(Ki2, 121049; abst. J. .S. C. 1. 1919, 38, 499, 080, 718-A; C. A. 
1919, IS, 2422. J. C. S. 1918. 113, 10,8, 2,80; 1919, 115, 112; abst. J. .S. C. 1. 
1918, 37, 208-A; 1919, 38, 219-A; C. A. 191,8, 12, 1442, 222;); 1919, 13, 10.77. 

J. S. C. I. 1918, 37, 222-T; abst. C. A. 191,8, 12, 22.2.7. Metall. Eng. 1917, 

24.7. K. Ma.sted and G. Kidsdale, R. P. 124824, 1200,8.2. 1910; abst. J. S. 
C. 1. 1919, 38, 222, 41.2-A; C. A. 1919, 13, 1748, 22,79. li Maxted ami T. 
Smitli, R. P. 12784.7, 1917; 12.8022, 122.771, 191.8; abst. J, S. C. I. 1919, 38, 
484, .71,8, ;77.7, .817.A. 

7. t'. .S, P. 121.2214, 1212.21,7, 121.2210, 1919; ab.st. C. A. 1919, 13, 
2742, 2742. 

,8. N. Zeal. P. 12104, 1919. R. P. 128929, 1919; abst. C. A. 1919, 13, 

2978. 

9. R, P. Appl. 21447, 1919; abst. J. S. C. I. 1919, 38, 700 A. Nor. P, 

Sept. 1.2, 1918. 1). R. P. 200949, 1907. 2.8974.7 

10. J. Rnss. Phys, Cliem. Soa. 1908, 40, 079; abst. Cliem. Zentr. 1908, 
79, 11, 1499; J. S. C. 1. 190,8, 27, 11,70. 

11. J. Ind. Rng. Cheni. 1919, 38, 497-A. 

• 12. R. P. 120009, 1918; abst. J. .S. C. 1. 1919, 38, 008, 0.80-A. 

12. J, S. C. 1. 191.8, 37, ,227-R; abst. C. A. 191.8, 12, 200;7. J. Parting¬ 
ton ami IC. Rideal, K. P. 1.21942, 1918; abst. J. .S: C. 1. 1919, 38, 702 A. 

14. Hull. ,8oa. Chitn. 1919, 25, 4.89; abst. J. S. C. 1. 1919, 38, ,800-A. 

1,7. R. P. 1217.74, 1917; abst. J. S. C. 1. 1919, 38, 104 A; C. A. 1919, 
13, 9(M. 

10. PriK-. Cliem. .Six-. 19(22, 19, 201; ab.st. J. S. C. I. 1902, 22, 1242. 
See J. s. C. I. 1902, 21, 110. Prix-. Roy Soe. 190.7, 76-A, 107; ;ibst. J. ,S. C. 
i: 190.7, 24, 072. 

17. U. S. P. 1.204707, 1919; ab.st. C. A, 1919, 13, 2112; J. S. C. 1. 1919, 
38. .77.7-A. 

18. Gazz. cliim. ital. 1914, 44, .74.2; abst. J. ,S. C. I. 1914, 33, 090. .See 
J. S. C. 1. 1912, 32, 128. R. Miiller and R. Spitzer, Her. 190;7. 38, 778,11,88; 
abst, J. ,S. C. I. 190.7, 24, 279, ,7.70. 

19. Chcm. Ztg. 1911, 35, 942; abst. J. .S. C. I. 1911,30, 1112, 

go. U. S. P. 121.7;7.22; abst. J. .S. C. 1. 1919, 38, 818 A; C. A. 1919, 13, 
2978. 
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Claude,' P. Starke,- C,. 'i'ayfor and J. Kapps," C. TliorscII and 
II. Lundeii,'' .V. Wells,-' O'. Wielsolaski," C. Zeiiglielis' and others.’' 

Haber Method for the Synthetic Production of Ammonia. 
V. Haber, collaborating with (i. van Oordt,^ published in 100.") 

1. K. p. laiMtsi-', laoosv, lais; ai.si. j. .s. c. I. oiHi, J8, (iito 

71.SA. 

2. V. S. r. I2.‘)(127;i, I'll.S; i;i()(;,Sli2, inin. Can. P. i!ll)7l,s, inl'l 

abst. C. A. 1(119, 13, 22.'i(l. 

a. U. S, P. i;iir).');!4. PUO; abst. C. A. 1919, 13, 297.S; J. S. C. I. 1919, 

38, .SPS-A, O, Taylor and J. Kapps, J, Ind, Ivnj;, Clu-ni. 1(09, 11, 27; abst. 

T. .S. C. 1. 1919, 38, ia2-.-\. J. Tavlof and J. llavis, ]. Ind. lin.u. Cheni. 1917, 
9, I lIKi; abst. J. S. C. t. 1918, 37, ,>PA. P, Po.s, 1. S. C. I. 1917, 36, 10(1,V 
4. V. S. P. 128(i8;iS, 12S0.s:i9. l2SS7.'it. I2,s,s7.‘i(l, 1(118; abst. C. A, 
191(1, 13, (ill; J. .S. C. 1. 1919, 38, l.il, 802 A. Can. P. I.SdOOI. 19111; abst. 
C. A. 1919, 13, 1.720. 

r. S. P. 12.'i2(l7(i. 1918. 

0. r. .S. P. 1287.8117, 12,87.808, 191,8; abst. J. .8. C I. 1919, 38, l.'iO-A. 

7. t.'onutt. rend. 1910, 162, 91 1; idist. J. S. C. 1. 1910, 35, 88,"i, 

8, .\nu‘rican Cvanainide Co.. C, S. P. 1198790, illtM7((7, I19;1798, 

Il9;i7(l9, I lit;!,8110, 1910; l21Ki002, I2ll000:i, 1217217. 1917. Can. P. Kill 12, 
Kill Id, Kll;i9l, lOl.'iOO, Ki41.')l, 101,820, Ki.774.'.. 191.7; 107101, 172212, 1910; 
180910, 1.80911, 4918: 182200, 1920, T. Aiiciter, p. P. 4.8.74.7.7, ,S, Haik-v, 
i;. P. 191.89, 190,7. "UaniaR," D. K. P. Anin. H. 7,8007. A. Itanibac-b, P. P 
409.421, C'ln.tn. Ind. .\nn. Kep. 1910, 1, 118. 11. Ik-rnths'.-n, Mon. Sci. I(K4. 
81, 1.70; J. Ind. Km;. Clu-ni 1912, Kill. IkrtlR-lol. Rev, de- Mvlall. 1914. 
1010, Hnskvold, Span, P. 01407, 191.7. H. Calliala, Tvvlin. mod, 191 I, 
107. (1, ContaRiie, P. P. 177. I0;-Mon. Svi, 1910, 83, 87. (). Paislvs and P 

DOrrt-, I). R. P. 229090. 1908; abst. Che-ni. Ze-nlr 1911.82,1, 177. P povisU-r 
and .M. Kocli, Zts. ;niR. Clivin. 1908. 21, 2209; 1910, 23, 2018. P C.nyv, 
P. I'. 487.709, 4,8,7007. 1). lUlbiy, Zts. lik-klroclicin. 1(100, 12, .770 Iv 

ttene. Clivtn. Z(r. Rep. KMl. 38, 417, 442. \V. Ilolweeh, Zts. an;s. Client. 

1908, 21, 2141. K. Kaiser, Iv P. 204l’7, 1910; 21047, 191 I; absl. Cheni. ZIr. 
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I. nnge and Pi. Berl, Zts. anj;. Client. I90(i, 19, .807; 1907, 20, 1714. S. l,n|itoii, 
Client. News, 1,878, 37, 227. R. Marston, Pi. P 1080, 1899; 19071, 1900;, 
absl. J. S. C. I. 1901, 20, 1209; Cliein. Zly 1902, 26, 200. Meister, I.neitis 

Urnning, K. P. 19042, 1911:4002, 11114 ; 28747, 1914, P, S. P. 114,7102, 
1917. R. .N'itliaek, I). R. P. (17.742; absl. Cliein. Zentr. 1,898, 69, 1, til7, 
Client. Ztg. 1898, 22, 140. Nordyke Ik Mtirnton Co,. Iv, P. 1201, KHlti, tibst. 

J. S, C. I. 1900, 25, 7:10. Oesler. \'er. Clietn. ti. Metall. Prod., I). R. P. 
270720. P. Rasehig, Zts, ang. Client. 1901, 17, 1777; II R. P. 2,80122. A. 
Kieltardson, J. C. S. 1,8.87, 51, 497. .Selierfenberg Ik Pragur, 1>. R. P 202.700, 
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P. 147.70,8, 1014; I.VioO:!, 171.771, 1,7.7784, I,7ll7:i;i 17, Kill; 100,874, KiliKlI. 
191.7; 19479.7 (1 7, 1919; abst. C. A. 1920, 14, 004. K. P. 10040, 1912; absl. 
Chein. Ztg, 1014, 37, 228. Site, (fenerale des N'itrures, IP P. 4,71440. ■1741118; 
alist. Chem. Ztg. Re|). 1014, 37, .700; Moti. ,Sei. 1914, 81, 10. Can. P. 
1.70.744 4 ,7, 1014; 104.849, 191.7; I7.'i(i(i;i, 1910; 1710.87, 1917. Pi. P. KUOO, 
1912. P. P. 44.8921. 4.70140, 4.70178. It. I’. I20'.I.S7, 1249,87. Ansi. I’. 
.78174, ,7,8194. T. Takenelii, Cliein. Ztg. Re|i. 191 I, 35, 4II8;‘I9I I, 38, 1017. 
Waser, Clietn. Ztg. I9l7, 39, 100, 701, 7.82, .818; 1910, Jan, X; P'eb. See also 
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and lilOC) a scrk-s of iiapors' in wliicli llu- Uicorclical conditions 
for the sncccssfnl solution of tliis problem were stateTl. 'I'lie 
necessity for relatively low temperature o|)eration was elearly 
demonstrated. It was established that abovi^ a dull red heat, 
even when aided by Ini'll jiressure, not more than traces of am 
'monia were produeeil when nitroi'en and hydroi'en were l)roni,'ht 
toj,'ether in the ratio to form ammonia. Two distinctive features 

J S V. r. I'.MKi. 25, l'.M2, 31, 2S(I, 2.s:i, .S.'il; l'.)l:i. 32, 2:!(); I'.H (, 33, ; 

mi.S. 34, I2.'); 11)17, 3G, 777. Clmn. liiiK'. IDI-'j. Kleel. Kev. I!)M. 
69, .'VU. I’nie. Ilf Amer. Inst. Ivleet. liiiK. IDIA, .■f.'!7. Sei. .Aiiier. Suiipl. Il)l.‘f. 
I2fi: IDl.'i, 27itli. .Sniitlisimian liislifuliun Uepiirf, 11)12, ,‘>."11). Cliem. 

Tniile I. & t'liiiii. bill'. 11)01), 44, 021; IDI,'), 54, 00. OS, 1,'m, 171), 2S:,, 2HH; 
IDI.O, 56, .7, .■i.'iH; llliri, 57, 20. Met. Clieiii. Itiin. 11100, 127; 11)12. 42S, 470. 
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108, ii, 4 12; I. S. C. I. 101.7, 34, 002. b. Halier and A. Koenit;. b. S. I’. 

I) 2.S210. !■;. i>. 1.7400, lOOS; b. b. 202070; Mon. Sei. 1001). 71, 122; 1011, 

75, .701), .771; Jalir. Cliein. 100'.l,62,1, ,720; Cliem. Zt)?. Kep. 1000,33, H);.I..S. C. 
4 11)011, 28, 2.S. Zts. bdektroehein. 1007, 13, 722; I. S. C. I. 1007,28, 27. 
Zts. lileklroelieni. 100.S, 14, 0,S1); ]. S. C I. I00.S, 27, 1070. b. Halier, A. 
Koenitt. H. I’laton and \V. Holweeli, Zts. lilektroeliem. 1010, 16, 7S0. her. 
1007, 40, 2141; Zts. Kleelroelieni. lOOS. 14, 4SI. ,712; 1012, 19, .72; J. S. C. 1. 
1012, 32, 124; Met. and Cliein. liim 1012, 11,21 1 ;J. Ind Hng. Clieni. 11112,5, 

22.5. b. Halier ami A. Maselike, Zls. lileklroelieni, 101.7, 21, 12H; J. S. C. 1. 

II) 1.7, 34, 10.S0. b. Halier and G. Van Oordt, Zts. anort;. Cliein, 100.7, 43, 

111; 100.7, 44, 211. b'. Halier and S. Tainarn, Zts. lilektroeliein. 1017, 21, 

11)4 b. Haller. S. Tainarn and C. I’onna/,, Zts. lilektroeliein. 1017, 21, SO. 

• 'rile Haln’r iilant at (Ippaii, Gerniaiiy, has been inspeeled and rejiorted upon 
in detail by: K. MeConnell, J. S. C. 4 1010, 38, 2.71-R. \V. Bauiiard, 

Stm'ar, Mils, 20, 271. K. Davis and 14 Hryaii, Aiiier. bertilizer, 1017. 47, 
20; C. A. lOIS, 12, loll. Ii.-Worden, berlilizer and beediiiKStiilTs J, 1010, 
1, 47; Drill; and Clieniieal Markets, 1010, 5, 22; Cliein. .\|;e, 1010, 1, 27.7; 
I’erf. and lissent, Gil Kee. 1010, 10, 220. b. Drinker, Chen;. Ap'e. 1010, 1, 
200. Compare also in this eomieetioii, R. Skerrett, Iron Aj;e, 1010, 97, 2o0. 
Nainre, MHO, 96, .7.27. Cheni. Ztt;. 1041, 38, .702; abst J. S. C. I. Mil l. 33, 
.700; J. S. C. I. Mil l, 6, 707. Rollason, li. b. Appl. .SOU, lOIS; J. S. C. 1. 
lOIS, 37, 22.7-A. A. llainbaeh, 1‘, b. 400221; abst. J. S. C. I. 100.7, 34, 70. 
M. Taliaiii, 14 S. b. 12700.SO, M.I4S; abst. J. S. C. I. lOlS, 37, ,7S0-A. W. 
Ifolweeh, Zts. aiii;. Chein. lOOS, 21, 2121; abst. J. S. C. I. lOOS, 27, 10.77; 
Zts. lilektroeliein. 1010, 16, 2(i0. W. Holweeli and h. KiKMiig, Zts. Itleetro- 
ehem. 1010. 16, ,S02. b. Russ, Zts. aii!;. Chein. 1012, 25, 7.S0; abst. .1. S. C. 
I. 1012, 31, 2,S.i. V. lihrlieh and b. Russ, Monatsh. Chein. 1011, 32, 017; 
abut. J. vS. C. I. Mill, 30, 1204. bor exhaustive resiiinc of the Haber process, 
see the .772(1 paRe report No. I222.S of I04S made to the 14 S. Hureau of Air¬ 
craft broditetion by li. Worden, b. Drinker. J. Hilford, I,. Riitstciu and 
R. Dort. 



002 


TBCHNOI.DGV OB CEU,UI,OSIi ESTERS 


clianicU'rizc tlic niamifacturin)' process, i. c., tlie nccessily of 
iiiaiiitairing the mixture of pjascs imdcr a pressure of from 175 
to 200 atmospheres, and that the reaction occurs best in the 
presence of uranium as the catalytic aj;ent.‘ * 

The operation and the recpiisite plant are by no means com¬ 
plicated. The mixture of one volume of nitros;en to three vol-' 
umes of hydrogen —corresponding to the formula of ammonia, 
NM.i—is forced umler a pressure of at least 175 atmospheres into 
a steel cylinder, where the temperature is maintained at 500'’, 
and in which there is a certain amount of jiowdercd uranium. 
In the presence of this metal, which remains unchanged and 
exerts its catalytic power for an indelinite time, the two gases 
combine to form ammonia, under the given conditions of pres¬ 
sure and temperature. The reaction is rapid at first but decreases 
steadily in intensity. When ammonia gas forms about S'f of 
the contents, of the cylinder, the reaction has become so slow 
that the product must be removed. 'I'his can be elTected by al¬ 
lowing the contents of the cylinder to pass into a vessel, in which 
the gases may be cooled down to the point at which ammonia is 
li(jueficd, in which form it is easily withdrawn by a lap from the 
apparatus. The ammonia may likewise be witlulrawn by bring¬ 
ing these sufficiently cooled gases in contact with such an acid 
absorbent as sulfuric acid, lif either case the residual uncom¬ 
bined mixture of nitrogen and hydrogen is forced back by a 
pump into the reaction chamber. 

The i)lant consists, therefory, of a reaction cylinder, a cooling 
chamber and a force pump. The latter keei)s the sujjply in the 
.reaction cylinder constant under a fixed pressure. There is a 
continuous circulation back and forth between the cylinder and 
the C(K)ling chamber. From the latter ammonia is withdrawn at 
regular intervals in the liejuid or gaseous form or after absorption 
as an ammonium salt in solution. 

The catalytic agent employed is the most interesting feature 
in the process, as in the analogous industrial method of manu¬ 
facturing sulfur trioxidc by the aid of platinum sponge. Osmium, 
a member of the platinum group of metals, was also found to be the 
most effective agent in bringing about the combination of nitrogen 

I. Data in this topic has l»ccii taken from "The Nitrftgen Problem,” 
Norton. 
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and hydrogen. 'I'lic available supply of osiniuin is, however, 
extremely limited, the entire amount in the earth’s crust being 
estimated by A. von Wclsbach at between 200 and 300 pounds. 

Ibirthcr experiment has shown that the more common metal 
uranium is nearly as elTective as osmium, jnd it has been adopted 
as the most practical and serviceable material for the puriKise. 
The product containing uranium carbide, secured from the action 
of carbon on uranium oxide in the electric furnace, is an especially 
convenient form. When brought in contact with the mixture of 
nitrogen and hydrogen under pressure it absorbs nitrogen and 
falls into an extremely line iiowder, which possesses the catalytic 
jiroperty in a high degree. 

In a later iiatent (1). R. lb 23.Sl,j()) the inventor states that 
yields of over 'I'/i, can be secured when so inexpensive a catalytic 
agent as iron is employed, provided the pressure be increa.sed so 
as to range from 200 to 2.’)0 atmospheres. 

I'lie Haber process has come under control of the Badischc 
Co., who have perfected it in many essential respects. They have 
found that when iron is used as a catalyst its activity may be 
enhanced by the presence of other elements of the iron group. 
Molybdenum and molybdic acid have also been found valuable 
as catalysts, after first being heated in a current of ammonia and 
changed into nitride, b'or the purpose of protecting the walls of 
the reaction chamber from disintegi'ation the catalyst is contained 
in an inner tube or vessel, the mixture of gases entering the outer 
sjiace between the external walls of the reaction chamber and the 
tube, then passes into the latter, and finally is conducted directly 
into the chamber for separating the resultant ammonia. Un-> 
doubtedly many further perfections in process and apparatus will 
be recorded in the form of patents during the next few years. 

'I'liree essential items in the cost of producing ammonia by 
this synthetic method arc plant, material and fuel. The plant 
for such an industrial process will of necessity be somewhat of 
» novelty in technical constniction. Hitherto chemical opera¬ 
tions on a large scale were carried out under a pressure of 200 
atmospheres have been unknown. The rapidly growing industry 
of’liquefied gases has shown that there are no great difficulties 
in the way bf constructing the requisite plant. Reaction cham¬ 
bers must necessarily possess a narrow diameter. Steel flasks of 
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2.7.') iiR'li(;s inner diainetor, with walls (1.2 iiii'li tliick used in Oiis 
sMitliesis easily sustain a pres.snre of 2(10 atmospheres. 'I'lie inert 
nature of the two ynises employed and the ehemieal properties 
of the prodnel render it easy to prevent deterioration by eorro- 
sion and insures a eompanitively lony; life for the more massive 
forms of apparatus and probably also for eonneetions, taps and 
other minor aeeessories. I’nmpin^; outfits adeipiate for elTeetive 
work in this proeess are already in nse for li(|nefyinp air and 
other .nases, and for eompressiii}; jtases for transportation. Ilv 
droy'en and ox\y;en nsnally are sent in steel llasks tinder a pres 
sure of l.'itl atmospheres. 

With reyard to eonsnmption of material there probably will 
he a small itini of expense in eonneetion with the deterioration 
of the eatalvtie snbstanees as in other eontaet proeesses, prob 
ably less than in the mamifaetnre of snlfnrie aeid. 

Badische Process for Synthetic Ammonia Formation. 'I'he 
Haber processes previously deseribed have been absorbed bv the 
Hadisehe .\nilin mid Soria I'abrik,' who have amplified and per 
fected the methods in many basic ways. Ifspeeially has proynss 
been made by them in the seleetion of proper eatahsts. Tiiev 
have fotmd that ammonia- formed by the nnion of nitroyen and 
hydroyen in the jiresenee of a catalytic ayent is eonden.sed bv 
abstraetiny heat from a surface in, or forininy part of, the vessel 
in which the eombination has taken |)laee. .\ suitable arraiiye 
nient of app.aratns is shown in Fiy. .S2. in which the reaction 
vessel capable of withsttindiny pressure, is siirnumded bv a 
eooliny jacket B. The catalytic material, for examjile, nranitim 
hitride, is contained in a vessel I), open at both r nds and snspr nded 

1- K, 1‘. IKra, mid; iitist, J, S. C, I, mm. 29, I t.Vi; Cliem. Zty, Kvp. 
mil. 35, a. !•'. 1>. t()()'.li;!l; ahst. Mon. Sei. Idld, 73, I7.V. Clinji. Ziy. Uv|). 
mm. 34, 121). Swiss ly Tyillio, mid, addu, to Swiss It dd'.l.il; nbsl. C. .\. 
mm, 10, 2()2I. Holl. P. 2(Km, miT; ahst. C. .\. 1(117, 11, 2720. I'. S. 1>. 
m,');tit.'’)l, m.i.’id.sL’, mi:i; li. I’. 2sm7, mil; d.SlI, 'I.S42, mi2; If l>. ■12.'|0'.I(I, 
addn. I(i(i22; D. K. I’. 21(i.i77, 247K.72, 2I1III7, 2.')d.S,s."), 2o,KI-td; 1). K. I'. 
.•\nm. n. twiilit), d.idlKI; .-\ust. P. 4I:I2, ,S1)7(I, 11112; .VHtO.S; ahst. Cliem. Zty. 
mm, 37, I.V2, m;i, 22 .S, 2ot, . 4 ( 12 , .'tto, . 4117 . .See also M. lierthelol, hiiH. 
Soc. Cliim. IK74. 21, KHI; J. C. S. IK74 , 27, 4;(!). 440, HlW, 10,-, 7; f. nliann. 
chilli. IK74, 19, 1(7, 1X2; Her. 1X74, 7, IKS; Jahr. Cliein. 1X74, 27,' 112, 220, 
221. K. Ka.schij;, ahst. Zts. any. Cliein. 100.7, 18, I2SI; J. C. S. 1007, 88, 
ii, 24, 700; J, ,S. C. I, 1007, 24, 024; Chein. Ceiitr. 1007, 76, II, (142. C'-n- 

tralstellc f. Wissensohafllich-Techiiische ( litersucluiiiyen, Hely. P. 2.7(KI2li; 
Aust. P. 0200. 1012; P. P. 4.70107; ahst. Cliein. Zty. 1014, 37,'22S, 211 410 
2. K. P. 14007, 1010; ahst. J. S. C. I. 1011, 30, 74X. Hadisehe C»., 
Help. P. 22014 . 7 , 227412, 1010; 2.77401, 2.77.S.f7, 1014. P'. p. 41X444. 
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ill the vessel A. The catalytic material is heated by the electric 
resistance coil K, which is provided with a protective covering 
G, around which the gases are caused to circulate. * 

Better yields are said to be obtained' by the addition of 
substances termed “promoters” to the iron, nickel or cobalt used 
as the catalytic agent. These suTistanves are generally com¬ 
pounds of magnesium, beryllium, aluminium or of the alkali, 
alkaline-earth, or rare-earth metals, or of zirconium, vanadium, 
tantalum, chromium, manganese, molybdenum or tungsten. I'lie 
addition of the oxide or other com¬ 
pound of magnesium or aluminium 
is particularly favorable. It is found, 
however, that certain bodies have the 
])roperty of diminishing or destroying 
the catalytic property of the iron, etc. 

Such bodies are, for example, arsenic, 
sulfur, selenium tellurium, p h (j s- 
phorus, boron, antimony, bismuth, tin, 
lead or zinc, or their compounds, and 
the presence of carbon monoxide and 
dioxide, and of oil in the gases should 
l)e avoided. Iron, etc., wliich is un¬ 
suitable for use as a catalyst owing 
to the presence of contact jioison or 
for other reasons, can be rendered 
elTccti VC by heating to a high tempera- HAmsciin Svn- 

, , • , ' •,[ . _ TiiiiTie -Xmmo.ni.v Aim’.akatlis 

turi' in admixture witli a promoter, 

so that a mixture of oxides is obtained, which is reduced by 
means of hydrogen, preferably at as low a temperature as 
|)ossil)Ie. It is preferred that the first heating shoukl be suffi¬ 
cient to melt the mixture. 'I'his treatment may be repeated 
until the desired result is obtained. 'I'he reaction gases may 
be freed from contact poison by jiassing over a material capable 
of absorbing it, and this material may be a further qiian- 
tfty of the catalytic agent placed in advance. Ihe mixture of 
iron and a promoter may be supported on a carrier, such as 
I, K. I’. 111:1-1!). IlIg.'iO, li)2.')I. 11)10. .See also H. I'. 14021!. 11110; abst. 
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asbestos or cliamotte, arid olie constituent df the carrier may 
constitute the promoter, but it is necessary in this case that the 
iron and jJromoter should be actually mixed together. In use, a 
mixture of nitrogen and hydrogen, preferably in eombining pro- 
])ortions, is passed over the heated catalytic agent. 

By the-'union of ni.trogen and hydrogen under pressure and 
in the presence of a catalytic agent,' it has been found that the 
walls of the steel or other containing vessels may be heated 
directly either by the external heat or by heating the vessel in¬ 
ternally, for instance, by preheating the entire gases or by a 
combination of these methods. The vessel is healed to a tem¬ 
perature approaching that at which the reaction takes place and 
the heating may be elTected, for example, in a bath of molten 
saltpeter. The vessel may be given interior and exterior coating 
of protective material such as enamel. 

They have found that catalysts consisting r)f metals of the 
iron group may be'^ freed from contact poison, and a mixture of 
nitrogen aijd hydrogen is passed into the catalyst at a raised 
temperature, while excluding contact poison. Catalysts which 
can be so treated and rendered suitable for use in the i)roduction 
of ammonia are iron, nickel, tungsten, molybdenum and uranium. 
The most convenient method of removing contact poison is to 
oxidize the iron at a high temperature and subsequently to reduce 
the oxide to metal. This treatment is repeated until no further 
increase in catalytic power is obtained. For the continued activity 
of the catalytic agent, the gases should be freed from bwlies which 
act as contact poisons; and these-latter can be removed by pas¬ 
sage over a substance which absorbs them, for example, an addi¬ 
tional mass of the catalytic agent. In examples, iron is melted 
in a current of oxygen, and the resulting oxide is broken into 
small pieces and reduced by means of hydrogen at as Ww a tem¬ 
perature as possible; magnetite is subjected to oxidation and 
reduction several times. If desired, the catalytic agent can be 
further improved by the addition of a ])romoter. 

Better yields’ of ammonia are obtained in the synthetic 

1. E. P. 1910. Sec also E. 1*. UOSi, 1910; atist, J. S. C, I. 

1910, 29, J-i.Vf; 1911,30, 9,'-,7. 

2. E. P. 1977S, 1910. See also E. P. 19249, 1910; ahst. J. S C. I. 1911, 
30, 1110, 12.S.'i; C. A. 1912, 8, 1,140, l.'iO.T; Chem. Ztg. kcp. 1911, 35, .TO, 

3. E. p. •OK'!.''), 1911; ahst. C. A. 1912, 6, 2.'’)00; J, S, Col. 1911, 30, 
1115; Chem. Ztg. Kcp. 1911, 35, .57.'i, Compare E. P. 4S3018. D, R. P. 
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process if a promoter is added to tlie catalyst other than iron, 
cobalt and nickel, while excluding contact poisons. Ojydes or 
other suitable compounds of the alkali and alkaline-earth metals, 
earth metals, the rare-earth metals, and also tantalum and ni¬ 
obium are suitable as promoters, while contact pdisons include the 
Bietalloids .such as sulfur, selenium, tellurium*, arsenic, phosphorus, 
and also the easily fusible metals. 

They have patented' as catalysts for use in the synthetic 
production of ammonia a mixture of iron or cobalt, and a pro¬ 
moter, free from active contact poison. The addition of a pro¬ 
moter has the effect of incTcasing the yield of ammonia, and. the 
bodies added are generally compounds of elements such as mag¬ 
nesium, beryllium, aluminium, the rare-earth metals, uranium, 
thorium, zirconium, vanadium, niobium, tantalum, chromium 
manganese, molybdenum and tungsten. The addition of the 
oxide or other compounds of magnesium or aluminium is par¬ 
ticularly favorable. The bodies that act as contact poisons are, 
for example, sulfur, selenium, tellurium, phosphonis, boron, an¬ 
timony, lead, bismuth, tin and zinc and their compounds, and 
carbon monoxide and some other carbon compounds. Contact 
poison may be removed by heating the mixture of the promoter 
and iron, etc., or a suitable compound in such a manner that 
a mixture of oxides is obtained,, and tlien reducing this in 
hydrogen. The heating should preferably he effected so that the 
mixture melts, and the reduction should be effected at as low a 
temperature as possible. The treatment is repeated if necessary. 
The gases should be freed from contact poison such as arsenic, 
sulfur and oil, by passage over a material capable of absorbing 
it, and this material may be a further quantity of catalytic ma¬ 
terial arranged in advance. The mixture of iron and a promoter 
may be supported on a carrier such as chamotte or asbestos, and 
a constituent of the carrier may constitute the promoter, but it 
is necessary in this case that the iron and promoter should be 
actually mixed. 

I'he synthesis of ammonia may also be advantageously 

mttO; abst. C. A. 1912. 6, hi".'); Chem. Zentr. 1911, 82, II, 1077; Chem. 
ZtR. lii'p. 1911, 35, filW; Wag. Jalir. 1911, 57, I, .SO.'.; Zts. aiig. Cliem. 1911, 
24, 2029. 

I. E. P. .Sli:i;i, .S.s;i4, .SSOfi, lOlO; abst. C. A. 1912, 6, 2500; J. S. C. I. 
1911.30, 1115. 
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cffecterl' by cmployiiiK as the catalyst chemically pure iron or a 
nitride chemically pure iron, which has been prepared from a 
compouml at a temperature not materially exceedinj' ()()(l°. 
The catalyst so obtained is used at a ^comparatively low 
temperature, ])refcrably a temperature not exceedin;,f A 

])articularly active fotm of iron is obtained, if the oxide to be 
reduced has been prepared by heatiuj; iron or iron oxide to a high 
temperature, preferably until the resulting iron oxide melts. The 
oxidation and reduction may be repeated, ;md it is only necessary 
to maintain a low temperature during the linal reduction. 

iVmmonia may also be obtained from nitrogen and hydrogeu ' 
bv the use of a catalyst comprizing a metal or metallic compound 
capable of absorbing nitrogen and a metal or metallic comijoimd 
capable of absorbing hyrlrogeil, other promoters being added if 
desired; in an example, ])alladium and molybdenum are employed 
with, if desired, an addition of uranium. 'I'he metallic compounds 
that may be used arc the prorhicts of the action of hydrogen or 
nitrogen bn the metal or compounds which, under the conditions 
of treatment, yield .such bodies, for instance, uranium and cerium 
carbides. 

They assert that' deterioration of the manganese used as 
the catalyst in the synthetic production of ammonia is prevented 
by the use of a mixture of nitnigen and hydrogen which has been 
freed from all traces of oxygen, whether free or combined. 'I'he 
gases may be so freed by passage over metallic sodium, or man¬ 
ganese nitride or other substances that will <lecompose water and 
lix oxygen, and they may be subjected to a preliminary treatment 
by passage over heated palladium asbestos and calcium chloride. 
'I'lie same precautions must be taken if manganese nitride is used 

1. K. I’. 21057, Ktil; alist. C. A. 7, 101; J, S. C. ,1. Mil:’. 31. 
.S17; Cliem. /tg. Re|.. 1012, 36, 5,SI. Sec A, ItoH'Iift and (',. Itoitean, I'. 1’ 
■1250.52; ahst. J. ,S. C. I. toll, 30, 1012; C. A, 1012, 6, 1000; Mon. Soi. lOl.'!. 
79, 121; Chfin. /.tR. Rep. bill, 35, .507. 

2. H. I>. 21151. 1011; abst. C. A. lOl.'t, 7, lOSli; J. S. C, 1. 1012, 31, 
I0.'il. See al«) H. 1’. 10-141, 102.50, 1010; .abst. J. S. C. I. 1011, 30, .S7, 1 110; 
C. A. 1012, 6, 1:M0; Cliem. Ztg. Rep. 1011, 35, .57.5. Iv. I*. 01, .5,s;!;i, .5.S:l.5, 
17411, 1011; abst. J. S. C. I. 1011, 30, 10,57, 1115; 1012, 31, 2<S2; C. A. 1012, 
6, 2.500; lORi, 7, 400; Chcni. Ztg. Rep. 1011, 35, .575; J. Hoc. Dyers Cnl. 
1011.27,241. H. Cohn and i;. ('.eisenbcrger, Swiss !'. 10H0.5, ISOO. 

.'i. U. I'. 20740. 1011; see also Iv. I>. 1077H, 1010; .5.s:i5, 1011; abst. C. A. 
1012. 6, 150;i, 2.500; lObi, 7, 17, SO; J. ,S C. I. 1011. 30, 111.5, 125:i; 1012, 31, 
.■i«5. ‘ 
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as Hr' catalyst. ()tlicr nitrides have proven eipially ellieifiit. 

'I'he annnonia' that has been prepared eatalytieally is freed 
from nitrogen and hydroRcn by fractional distillation .of the 
li(|nefied ammonia, preferably under pressure. A distilling; ap¬ 
paratus provided with a dephlegmator aiid eoiidenser may bi' 
employed, or the li(|nid ammonia may be allowed to flow down 
a fraetionating cohmm, the nitrogen and hydrogen beinj; carried 
olT at the t<.)p, while pure ammonia is led to a condenser from a 
lower point. 'I'he cscaiiitiR i)ortion, eontainiiif; the nitrogen and 
hvdroj;en, is washed to recover the ammonia. 

In another method ’ ammonia is prepared by ])assin>; nitrogen 
and hydroffen alternately over an a^ent eontaininj; two or more 
metals, or compounds which durin;; the reaction give rise to iiietals, 
and capable of taking up nitrogen or hydrogen or both. One or 
more of the metals may be replaced by its nitrogen or hydrogen 
componnd, or by a body which during the reaction gives rise to 
such com])ound, and a body which will promote the reaction may 
be added to the mixture. In an example, the mixture used is 
lit Ilium-manganese. 

'I'iie production of ammonia as described in the parent liiig- 
lish spi-cilication may be' modified by jiassing nitrogen and hydro¬ 
gen alternately over heated molybdemim, or a nitrogen cianpontid. 
Increased pressure is iireferably used in the process, especially 
during the passage of the nitrogen, and the temperature is 
generally kept below (i(ll)°. 'file nilrogen used may eontain 
a small (|uantity of hydrogen, and other suitable compounds may 
Tie added to the molybdenum. In an example, molybdemim 
nitride, prepared by treating molvlidic acid or molybdennm clilor- 
ide with ammonia, is used. 

'file gases' after they have been purified are allowed only to 
come ill contact with apiiaratns formed of nickel or nickel alloys, 
or other componnds which do not yield dnst-like particles to the 
g,a.ses. (bases are purified and arc prevented from acquiring dust- 
* I. li, 1>, 1!)I2; alisl. C. A. I1IH. 8, 1(17; J. S. C, I. HIKi, 32, 

llllil. Cheiii. ZtK. Rep. lOl.'i, 37, (ilM. 

• 2 . li. P. .mb I‘II2. See also H. P. Klg’l'l. 1111(1; .Wi, .W:!.'., 2117)1, 
2.si(i7, lilll; ah,st. C. A. I'.II2. 6, l.'Wli, 2.')(H); Ull.-i, 7, 1(1, SX, lll,').S, 2()().S; J. S. 
f. I.*I!IU, 30, 111,'-), 111(1; 1(112, 31, 1(«1; lllix, 32, .S.'); Clieni. Ztg. Rep. 
11111,35, .'•)77). , 

X. U. P. 1W12, 11)12; al)st. C. A. IlllX, 7, 2.SX,S; J. S. C. I. IDIX, 32, 

2X11. 

■J. H. P. 1)2(1,X, llllX;-al)st. C. A. 11)11, 8, XX.ir); J. S, C. I. 11)11. 33, rm. 
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like ini\’)urilies in their passage to the catalytic agent. 'I'lie carry¬ 
ing of (hist-like impurities is prevented by keeping the gases from 
coming in contact with iron or copper, or gther material of the 
apjiaratus which‘yields dust-like impurities to the gases. 

In a later proces's for the manufacture of nitrogen oxides hr 
the catalytic oxidation of ammonia' with air or oxygen with cm- 
liloyment of metals of the ferric group or their oxides as catalyzers, 
(he addition of bismuth or its compounds materially inercase 
the catalytic activity of the .specified agents. Binding agents 
may be added also, but metalloid eompounds are to be avoided, 
'riic contact masses are best cmiiloyed in the fonn of a layer of 
separate jiicces, that is, a mixture of -f.') parts of pure iron or 
mangyncse nitrate and one-half part of bismuth nitrate is dis¬ 
solved with the addition of pure nitric acid. The jirecipitation 
is effected with ammonia, the precipitate dried to some extent, 
formed into dice-shaped pieces, carefully heated and then charged 
into a tube through whicli ammonia and air are led. At about 
700" a yield of over 00' of nitrogen oxide is obtained. Such a 
contact mass can be made* also by the oxidizing melting of a 
mixture of pure iron ])owdcr aiul with .'1% bismuth trioxide and 
subse((ucnt grinding. Metallic injn itself may be activated with 
bismuth or its comjrounels and then introduceel into the contact 
furnace. This company- treats the conduits and apparatus for 
carrying gases containing ammonia to the catalyzers, if they con¬ 
sist of material liable to give up dusty impurities to the ga.se;;, 
by a purifying process, or briirgs the previously purified gases 
before entering into the catalyzing apjjaratus into contact only 
with such metals which do not, like iron and copper, give up 
dusty impurities to the ga.se.s, thus c|uickly impairing the contact 
action of platinum. Nickel or alloys containing miwh of it are 
suitable for this purpose. 

According to Uhde'* the recent develoinnent of the synthesis 

1. D. U. 1’. 2K'iH24, lilU; ahst. C. A. Hlir.. 9, 2.')77. Sec also C. A. 
HH.'), 9, l(i7;t; Clicin. Zentr. 1015, 86, I, mi] Chem. Ztg. Kq). l!)l.‘j;'39, 
IWi; Zts. ang. Clicm. UH.'), 28, 2!l,5. 

2. U. S. P. KWIOS!), 10!I4I82; abst. C, A. 11)14, 8 , 1K.57, 20;il); Mon. 

Sci. 1914, 81, 100, i;i7; Chem. Ztg. Rep. 1914, 18, :378; Zts, ang. Chem. 

191.5, 28, I, 177. K. P. 92H;i, lOl.'l; F. P. 4642:17, 46428.5; abst.,Mon. 

Sci. 191.5, 83, .57; 1916, 84, II; Chem. Ztg. Rep. 1914, 38, 571; C. A. 1914, 

8, .'i;i.5.5; J. S. C. 1. 1914, 33, .549, .59;i. I). R. P. 280499; abst. Chem. Zentr. 
191.5, 86, I, 70; Chem, Ztg. Rep. 1914, 38, 586; Wag. Jahr. 1914, 60, I, 353; 
Zts. ang. Chem. 1915, 28, 20. • 

3. Chem. Ztg. 1914, 38, 1015. Consult M, TaUani, U. S. P. 1270989, 
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of asnnioniti by the ineUiotl of Haber and the Badiseli* Anilin- 
tind Sodafabrik, is the best foundation for an economical con¬ 
version of ammoniacal nitrogen into nitric acid, because the am¬ 
monia can be employed without purification, and the cost of jilant 
and working is not excessively large. 

The Ostwald Process. ‘ The problem of the oxidation of 
ammonia to nitric acid has engaged the attention of scientists 
for many years, and was finally solved as a commercial proposition 
by W. Ostwald in 1902, aided by E. Rrauer. 'fhe process is 
[irotccted by patents,^ but a patent could not be obtained hi his 

alist. 12, Ifll.S; J. vS. C. I. IDIS, 37, ASO-A. K. 1*. Appl. 

I'llS; J. S. C. I, lids, 37, 227-A. C. Hosch, U. vS. 1'. 12(il!M)(); alisl. C. A. 
lids, 12, 1.5SS; J. vS. C. I. iidS, 37, ,S0.‘{-A. Jn tliis coimcctioii see F. Bruiiek, 
BcIk. I’. ISidOi), liKd; ISOOSn, 

1. The Ostwald process was first put into eoniniereial operation at 
llertlie, Westphalia, in !!)()!), and later at Vilvorde, Belgiinn. Diirinj; the 
war plants iisinx this process were operated at Aunoidenie, France, and 
llaKcnhani, FinKland. The rollowiiiK is the resume of the l!d7 report of I). 
I’asehal on the operation of the Augouleine plant: 

(1) The storage does not give rise to a loss of nitrogen hat to an in¬ 
crease in the dead weight, 

(2) The operation of the autoclaves, notwithstanding the apiiearanees, 
seems to be that part of the manufacture the least known in its details and 
perhaps the most difiieult to manage; it is, moreover, initueuced, doubtless, 
by the anterior transformations of the eyanamide. 

(.'i) The catalyzers give an actual yield of about ilO'f and we think a 
means may be devized to make this figure rise from id', to ild'7, 

It is important to notice that this” gain will be aetpiired at the price of 
a diminution exactly e<iuivalcnt to the rate of anunonia in the gas in such a 
way that the hourly yield of the installation will not Ire affected either for 
good or bad. 

(4) In winter the towers give an average absorption of !)7' ;, which 
may be con.served in summer with proiier refrigeration. The yield was found 
,lo be: 1)0 X O.IK) X 0.117 = SO.,S';,. 

2. !•:. I*. (WS, ,S;UM), 1002 ; 7000, lOOS; J. S. C. I. 1002, 21, .alS; 1004, 

22, 120; 1008, 27, 808; C. A. 1000, 3, OOli; Client. Ztg. I00:l, 27, 4.')7. U. S.. 
I>. 8.')8004, 1907; abst. C. A. 1007, 1, 21.84, 27.58; Mon. Sci, lOOS, 69, 20; 
Chetn. Ztg. Kep. 1007, 31, 40,8. 1). U. 1>. 2071.54, lOlKi; abst. J. S C 1. 

lOtHI, 28, ;it),5; C. A. IIHIO, 3, 1010; Chein. Zentr. 1000, 80, 1, 1127; Cheni. 
Ztg. Kep. 1000, 33, 14.5; Jahr. Client. 1000, 62, .541; Wag. Jahr. 1000, 55, 1, 
41.5; Zts. Sehicss. .Sprung. 1000, 4, 108. F. P. 417511; addn. dated April 0, 
1002, to F. P. 417.541; 4800,5i). Abst, Mon. .Sci. 1004, 59, 120. Swiss P. 
2,5881. .See also Chem, Ztg. 1004, 457; Berg. u. Iluttenm. Ztg. lOOli, 3, 71, 
J. S. C. I, Ann. Kept. lOlO, 1, 28, D, K. P. 10.8272: abst. Chem. Centr. 1000. 
77, I. 1198; Chem. Ztg. 1000, 30, 425; Chem. Zt,s. 1000, 5, 444; Jahr. Chem, 
100.5-1908, I. 1777; Wag. Jahr. 1000, 52, I, 110; Zts, ang. Chem. 1000, 19, 
llMl; Zts. Schicss. Spreiig. lOlXi, 1, 104. 1). U. P. 224420; abst. Chem. Zentr. 
1010, 81, II, 511; Chem. Ztg. Rep. 1010, 34, 407; Jahr. Chem. 1010, 63, 1, 
;5874 Wag. Jahr. 1010, 56, I, 485; Zts. ang. Chem. 1010, 23, 2008; 
Zts. Schie.ss. Spreng. 1910, 5, 4.48. Aust. P. 42407. Belg, P. 148802, 1900; 
102.500, 1902:*207221. 1908. W. Ostwald and IJ. Brauer, Compt. rend. 
1905, 141, 801; 1000, 142, 430, 12.40. O. Schmidt and R. BOcker, Bcr, 1900, 
39, 1300. G. Schiipphaus, Metall. u. lirz, 1010, 13, 21; J. S. C. I. 1010, 35, 
013; Met. and Chem. Engrg. 1910, 14, 425. 
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own country because of prior publication of tlic basic features 
of his invention, many years before. 

.■\s far back as lSo9 F. Kuhlniann' observed that when mix¬ 
tures of air and animonia were simultaneously condueted throus,di 
tulx's contahiing platimim sponge or niekel or copper in a fmely 
divided condition, the temperature meanwhile being kei)t slightly 
al)ove •UHl'’, nitric and nitrous acitls were obtained. 11. Warren 
in 1.S91- sueeeeded in obtaining ammonium nitrite when ammonia 
and oxygen wine jxrssed over platinized asbestos at a dull red 
heat. , R. Marston in 191)11'* obtained nitrie acid by i)assing the 
gaseous mixtures over hot copi)er and similar contact materials. 
Other chemists have observed the facility witli which ammonia 
uudergogs oxidation when in contact with ozone. 'I'he readiness 
with which bacterial organisms in the soil attack ammonia and 
oxidize it to nitrous and nitric acids is well known. 

Ostwald verv exhaustively investigated the conditions most 
favorable lior the reaction, and combined tliem in such a manner 
as to constitute a successful invention. Tlie members of the 
platinum group of metals were found to l)e the most elheient 
catalytic agents, together with the higher oxides of manganese, 
lead, e-opper, silver, iron, cobalt and niekel. Rest results w'cre 
obtained by the use of a compacj, sheet of platinum with a rough¬ 
ened surface |)artlv coated with spongy platinum or platinum 
black; being the same physical condition as is jirodueed when a 
smooth sheet has been used for some time for this purpo.se. While 
it was found that platinum sponge gave the best yield in the 
sulfuric acid contact method, it induces a too rapid reaction in 
the case of nitric acid, so that a less energetic catalyst is ])referable. 

Ostwald found that a mixture of ammonia and an excess of 
air is converted catalytic-ally into nitric acid or higher> nitrogen 
oxides by passing over solid or spongy platinum, or a compound 
of the two, or over metallic iridium, rhodium or palladium, or 
over oxides of heavy metals, such as lead, or over silver, coi)per. 
iron, chromium, nickel, or copper f)xide. The catalytic matcri d 

1 Ann. l.H:i‘l, 29, 2X1; Mem. t’eo. Sci. I.ille, l,s;i,S, XX; ahsl. Flcrz. 

Jahr. IX-IO, 19, irx. _ , ' 

2 Chcin. News, IXill, 63, 21M; ahst. J. C, S. 1X91, GO, 1.221, hee-k. 

Devancelle, lielK. I>. 222022, Mill. F. Danli, Helg. 1'. MiKiOl, I'.lOO. lilck- 
Ircwhetnisehe Werke Ges., lielx- !’■ 2.'i.'Ci.XK, 1911. '' 

2 . F. 1', 19074, 1900; absl, Chetn. Ztt;, 1902, 26, 200; J. S. C. 1. 1901, 
20, 1209; Mon. Sci. 1902, 58, I.M. 
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is in every case heated to a red heat. Free nitroRcii is also 
liberated, but its quantity is kept as low as possible.* In one 
form platinum foil is arranged in alternate series of flat and cor^ 
rugated strips, the gases passing through the lubular passages 
formed thereby; but the foil may be otherwise twisted or made 
uneven. In other arrangements several layers of wire netting or 
of perforated plates may be used, or a resistant material, sueh as 
porcelain, may be coated with platinum, or, finally, shavings, 
chi|)s, balls of wire, or the like, may be used as porous layers or 
bungs. 'I'lie mixture of air and ammonia may be formed liy pass¬ 
ing air in contact with a solution containing ammonia, the air 
flowing in the reverse direction to the ammoniacal solution. The 
amraoniacal solution may be heated, the heat generated by the 
catalytic reaction being conveniently emiiloyed for this purpose, 
tn a later patent,' improvements in the catalysts employed were 
made as follows: 

(1) 'file jiroportion of oxygen to ammonia should jircferably 
be in excess of that rec|nired by the following ei(uation;' 

2NII:, + 70 = 2.\()., -f 

(2) The oxygen is jirefcrably used in the form of air. 

(;>) The temiieratnre of the reaction should exceed ;!()()°, a 
temperature between a dark and bright red heat being suitable. 

'file catalytic aiqiaratus for the transformation of ammonia 
into nitric acid is comparatively sim|)le and consists of one or 
more bodies wliicli till tlie cross section of the reaction chamber 
and are built up of parallel or apiiroximatcly parallel strips of 
• catalytic material with suitable interspaces, the strips being in 
dined to the direction of the flow of the gases. Tile plates of 
one body may be inclined at an angle dilTerent from the jilatcs 

of the preceding body, and the several bixlies may be partly 

rotaterl, spaces being left between the rotating bodies.- 

The actual working of the apparatus is as follows:" The 
mixture of air and ammonia obtained by sucking air through the 
Mtnnonia water of gas works, to which lime has been added, 
enters at one extremity of a wide lube. It finds its exit through 
a narrower tulK-, open at the other extremity of the wider inclosing 
. 1. li. P. .s;i00, l<)02; iil)st. J. ,S. C. I. IhO.!. 22, ISO, 

2. li. I*. 7!IOi), 1!)(I,S; ahsl. C. A. !!)()!), 3, liUti; J. ,S. C. I. 27, .SOS. 

a. As ilfscrilwcl by T, Norton. "IHilization of .Vtiiiosplieric Nitrogen," 
page 12. 
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tube, extending through the entire length of the* latter, in an axial 
line, and Jerminating in an absorption chamber. The catalytic 
material is placed in the inner tidje. This arrangement, that of the 
reverse current, enables the air-ammonia imxture to regulate 
automatically the (emperaturc of the reaction, and prevent it 
from becomhig too violent. The air current is sucked through 
ammonia solutions of constantly increasing strength, so as grad¬ 
ually to exhaust them, and the heat of the reaction is transferred 
to these solutions. 'I'he temperature is kept at a dull-red heat. 

The constniction is thus comparatively simple. The con¬ 
trolling factor is the rapidity of the gas current, which must be 
so regidated as to avoid, on the one hand, too long contact with 
the catalytic substance and a consequent formation of nitrogen 
and water, and on the other, an insufficient opportunity for nearly 
all of the ammonia present to participate in the reaction, 'riius 
far it has not been possible to oxidize more than S5' v of the 
ammonia to nitrous and nitric oxides. Ostwald has found it 
advantageous to rcgidate the operation so that only onc-half of 
the ammonia should be converted into nitric acid, and that this 
should combine with the remaining half to form ammonium 
nitrate, NIIiN().i. This salt is admirably adapted for use as a 
fertilizer. It contains 3.')% N (ammonium sulfate, to 21'(i ; 
Chile salti)eter, I.')..')'/;,), and hence there is a notable economy 
involved in its transportation. luirther, no sulfuric acid is needed 
for its manufacture. It is hygroscopic, and must be protected 
from exposure to air. At present it is employed for a variety of 
minor chemical operations, such ah the preparation of laughing 
gas. The chief demand, however, is for use in the manufacture 
of safety explosives. In this form, for the time being, there is a 
large field for the extension of the Ostwald process. If it is found 
most economical to limit the contact prtx'css to the pFoductioti 
of this salt, it is not difficult to regenerate the ammonia present 
by treatment with lime, and from the resultant calcium nitrate 
to lilierate the nitric acid by treatment with sulfuric acid. 

According to G. Schtipphaus,* nitric acid may be produced 
from ammonia by the Ostwald process when ammonia liquor is 
mixed with milk of lime, and the liquid treated with steam in .a 

I. Metall. and Ivrz, 13, 21; Met. and Client. Ivng. UHti, 14, 42.5; 
J. S. C. I. 1910, 35, tai; abst. C. A. 1910, U, 15S0. 
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separating column, the gas being cooled' to condense the steam 
and ihe ammonia afterwards washed in caustic soda solwtion of 
30° B. (1.20 sp. gr.). If ammonium chloride solution is used the 
purification of the gas may be omitted. The ammonia gas is 
thoroughly mixed with a suitable quantity of air, and the mixture 
passed over a platinum gauze catalyst heated to about 700°, thus 
forming nitric oxide and water. The lower half of the casing 
surrounding the gauze is cooled by water to prevent, as far as 
liossiblc, decomposition of the ammonia before it reaches the 
catalyst, i he nitric oxide is led ofi" through a conical iron hood 
lined with aluminium, and an aluminium elbow to a sulfuric acid 
plant, an iron plate trap being provided to prevent the possible 
[lassage of chamber ga.ses back to the platinum catalyst. 

I'rom a resume of the available information (which is to be 
regarded with reserve), F. Zeisberg' concludes that the Ostwald 
and similar pnx'esses for the manufacture of nitric acid by the 
catalytic oxidation of ammonia can hardly compete with the 
sodium nitrate or arc process, the possible margin of profit being 
very small even when the price of ammonia is low. The process 
pos.sesses the advantages of being continuous and capable of in¬ 
stallation in small units; it also reciuires little power and relatively 
small absorption apjiaratiis, the exit gases from the converters 
being several times as concentrated as those from any arc furnace. 
It is, however, only a step, not a complete process, and the plant 
would have to be located with respect to economv of freight on 
incoming supplies of ammonia liquor or evanamide, and the cost 
of ammonia would have to be improbably low for profitable opera- 
Tion. 

Catalysts. The success of the ammonia process for nitric 
acid formation has been developed primarily from the selection 
and utilization of suitable catalytic bodies. W. Ostwald,- K. 
Schick," J. Eggert," and O. Dieffenbach and W. Moldenhauer" 

1. Met. Chem. IJng, lOlO, 15, 2<l!); ahst. J. S. C. I. lOKi, 35, 1107; 
C. A. 1<»10, 10, 29(50. Compare Helg. P. lOttCiO, 212.M7, 2;57.S7(). Por 
production of ammonia by fermentatioti, s(X‘ J, lilTront, helg. P. 1.S9218. 
1900; 2(B034, 1907; 20907;'), 190.S, 

2. K. P. 0!)«, 1902; ahst. J. .S. C. I. 1902, 21, .748; Chem. Ztg. Rep. 
1903,27,4,57. Swiss P. 41202. 

.3. U. S. P. 971149, 1910; ahst. C. A. 1910, 4, .3280; Mon. Sci. 191:1, 
70, 100; Chem. Ztg. Rep. 1910, 34, 010. 

4. Zts. Kltktrochem. 1914, 20, .370; 1SI1.5, 21, .319. 

5. U. S. r. 9MS1.3, 1909; ahst. C. A. 1909, 3, 1117; Mon. Sci. 1909. 
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liave used platinum alone, while platinum with titanium’ and the 
analogoii:;.metal ruthenium- have been patented for this jmrirose. 

Nickel in the hands of C. Clacssen;' copper, either alone' or 
in combination with cupric oxide;'' manganose as developed by 

71, Chcip. 7Ag. Rop. I'lOO, 33, 210. K. 1’. .'i.SOaOO; ;ihst. J, S. C. I. 1010, 
28, ;!()■); Moil. ,Sci. 1000, 71, 112, li. P, ,S7(iS, 100,S; nhst. T. S. C. I. 1000, 
28, 00. K. Washliuni, E. 1>. 12.')()01, 101(1; C. .t. 1010, 38, 2200, uses platimnn 
in the catalytic oxidation of ammonia. Can. 1’. IT.'ll.i" S. 1010. 1). R. R. 

1747;it); abst. Mon. Sci. 100.S, 69, 1.7:1; Cliem. Centr. 1000, 77, II, 1001; 
Chem. Ztg. Rep. 1000, 30, .'12.7; Chein. Zts. 1007, 6, li); Jalir. Cliem. 100.7- 
loas, T, 1704; Wag. Jahr. 1000. 52, I, 140; Zts. ang. Chem. 1007, 20, 07.'!; 
Zts. Schiess. Siireng. 1000, 1, .‘iO.'!. Swiss R. 411 bS4. H. Adams, J, Ratting, 
ton and Iv. Rideal (li. R. 1:172241 employ nickel, iron, ehromiinn or bismuth 
ascatdiyst.s. <4. niefTenbucli and C. Cebel, I). R. R. 2:i,s:i70: abst. C. A. 1012, 
6, 100:i; Chem. Zcntr. 1011, 82, II, 107.S; Chem. Ztg. Rep. 1011, 35, .70:1; 
Wag. Jahr. 1011, 57, I, 470; Zts. ang. Chem. 1011, 2t, 2020; Zts. Seliiess. 
.Spreng. 1011, 6, 411. C. S. R. 0li70.S; abst. J. S. C. I. 1010, 29, :12; 1011, 
30, 1:112.. 

1, Hlavati, R P. 4.7:1207; abst. Mon. Sei. 1011, 81, 0; C. A, 1014, 8, 
2:1; Chem. Ztg. Rep. lObl, 37, .77:1. Chem. bid. 1014, 37, 207; Chem. Ztg. 
Rep. 1010, 34, ,H4. L). R. P. 27,7:14:1; abst. Chem. Zentr. 1014, 85, II, 270; 
Chem. Ztg. Rep. 1014, 38, -'170; Wag. Jahr. 1011; 60, I, 1.71; Zts. ang. Chem, 
1014, 27, 431. D. R. R. 27.7003; abst. Chem. Zentr. 1011, 85, II, 270; Chem. 
Ztg. Rep. 1014, 38, 404; Wag. Jahr. 1014, 60, I, 471; Zts. ang. Chem. lol l, 
27, 480; J. S. C. [. 1014, 33, 1000. 

2. Badische Aiiilin nnd Soda Fabrik, R. S. R. Il7:i.7:i2; :ibst, R S. C. 

I. 1010, 35, 400. K. R. 12077, 1013; abst. C. A. 1014, 8, :i.S42; J. S. C, I, 
1014, 33, 48.3. K. R. I3.S48, 1014; .abst. J. S. C. I. 101.7, 34, 700. li. R. 7071, 
1017; abst. J. S. C. I. 1010, 35, 101.7. Iv. R. 13207, 1017; abst, J. S. C. 1 
1010, 35, IIOS. K. P. 13208, 101.7; alist. J. S. C. I. 1010, 35, 1017. I). R. R. 

27.7718, Zentralstelle fiir Wissensehaftliche-Technisehe Cntersneliimgen C,es.; 
abst. Chem, Zentr. 1014, 85, II, 27tl*, Chem. Ztg. Re|). 1014, 38, 4.3.8; Wag. 
Jahr. 1014, 60, I, 4.71; Zts. ang. Chem. 1014, 27, 471. K. R. 147.H.7, 1012, 
abst. C. A. 1013, 7, 40.70; J. S. C. I. 1013, 32, 772. D. R. R. 272'I07; abst. 
C. A. 101.3, 7, ,741; Chem. Zentr. 1012, 83, II, 17,7,7; Chem. Ztg. Rep. 1012, 

36, 018; Wag. J.ahr. 1012, 58, I, ,3,80; Zts. ang. Chem. 1012, 25, 2,70.7. P. R. 
47040.7; abst. J. S, C. I. 1012,31, 1178; .\I<m, ,Sci. 1014,81,0. lielg. R. 2.70020, 
1012 , also uses rntheniuni. 

.3. U. S. R. 1178440; abst. J. S. C. I. 1010, 35, 033. Iv. R. 7,800, 1014 ; 
F. P. 470010; abst. J. S. C. I. 101.7, 34, 170, 834. F. R. 470010; abst. Mon 
Sei. 1010, 83, 00. 1). R. R. 280707; abst. J. S. C. I. 1010, 35, 42:i; Mon. 
Sci. 1018, 85, 20; Chem. Zentr. 1010, 87, I, 238; Chem. Ztg. Rep. 1010, 40, 
04: Zts. ang. Chem. 1010, 29, 80. .Swed. R. 3.804.7, 41070, lOlli; abst. C. A. 
lOIO, 10, 3140. C. lillis (C. S. R. 1273772, 1!II8; 1327020, I02l); abst. J. S, 
C, I. 1018, 37, 78RA; C. A. 101,8, 12, 1013; 1020, 14, 001) employs nickel- 
cobalt carbide as catalyst. 

4. E. OrlolT, J. Russ. Rhys. Chem. Soc. R.)0,8, 0.70; abst. C. A. 1000, 
3, 1833; J. C. S. 1008, 94, ii, .7.82; Chem. Zentr. 1008, 79, II, 1.700; Jahr. 
Chem. 100.7-1908, I, 1713. 

.7. Srx-iete Ic Nitrogcne, F. R. 4.73000; abst. Chem. Ztg. Rep. 1013, 

37, 717, A. de Montlaur, F. R. 44.7877; abst. J. S. C. I. 1013, 32, 2:i; Mon. 
Sci. 191.3, 79, 143. Helg. R. 2.702.81, 1013. W, Bancroft, Trans. Am, Ivlec- 
trochcm. .Soc. 1010, 36; C, A. 1010, 38, 2707. .A. Mailhe, J. tisines.gaz. 
1010,43, 177, 10:J, 217; abst. C. A. 1019,13,2707. G. Fnibetti (Iv. R. 120.7,71, 
1918; abst. C. A. 1010, 13, 043) atlvocates the use of platini/.td asbestos, and 
describes its preparation. I'or the activation of catalysts and contact masses, 
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tlic Jladisclic;' tuiiKstuii,- nickel and clinnnium, ’ iron and cliroin- 
iuin, ' ceriinn and thorium,■' ferric oxide,'’’ and the oxides of co- 
h;dt, inanRanese, chromium, nickel and barium have been pro¬ 
posed frr in time to lime’ for this purpose. The chlorine or sulfur 
compounds of lithium or titanium at high temperatures have 
also been advocated." 

I'erro-ahmiinium," ferro-silicon,'" and burnt pyrites," as well 
Mf IC. .Maxti'd and G. Kidsdale, IC. 1’. I27()2r). 1017,■ J. S. C. I. 1010, 38 
■i.’ia-A. Iv. Ma.xU-d and T. Smith, Iv. 1’. l.'it,')72, lOlH; ahst C A io'’o' 
14, .SO,!. 

1. li. 1’. 21)710, loll; ahst. C. A. lOl.'i, 7, 17,SO; J. S. C I I'I12 31 
.•1.S.7: Cluin. ZtB. Rep. 1012. 36, .100. R. Dc Gregorio (Rev. Real. Acad 
Cienei:is exact. Madrid, lOHi, 14, (iSI; ah.st. J. S, C. 1. Itll7, 36, 200; Bidl. 
.Agric. Intell. 1017, 7, I2.')(>1 has reported upon the use of inanganc.se as a 
catalyst in atmospheric nitrojien fixation hy plants through bacterial agency. 

2. Hadisehe Aniliii u. Koda Rahrik, I!. IV IjlM.a, 1000; 127*20 lOOS- 
10210. 1010; ahst. C. A. 1012. 6, h•^10; J. S. C. I. 1000, 28, 788; Ill’ll, 30i 
111(1; Chem. Ztg. Rep. 1011, 35, DTli. li. I’. 17-111, 1011; 1101, 1012'ahst 
C. A lOl.’l, 7, 40;i, 2288; J. S. C. I. 1012, 31, 282; lOKi, 32, 280; Chem, Ztg. 
Rep. lOl.’i, 37, 247. 

8 R. McKee, 1’. S. 1>, I2.'i0,8.‘);l, 1017; :d)st. I. S. C. 1, 1017, 36, 1048. 
I*. Salsilier ;ind J. Sendeiens (Coinpt. renil. 1002, 135, 278; ahst’ J. S. C. 1. 
1002, 31, lir>7) h.-ive descrihed the direct reduction of nitrogen o.xides in 
contiiel with reduced nickel, h'or the iictioii of strontium carbide on nitrogen, 
sii' S. Tucki r and Y. Wang, Trans. Amcr. lilectrocheni. Sck'. 1012, 22, (17; 
ahst. J. S. C. 1. 1018, 32, 7)82. 

4. Chem. I'ahr. Griesheim lilektron. li. P. MltS, 1014; ahst. J. S. C. 
I. 1017), 34, 002. 

."). A. k'nink iind N. Caro, 1). R, P. 224820; ah.st, Zts ang. Chem. 1000, 
19, l.-)00; 1010, 23, 2(KI8; Chem. Zentr. 1010, 81, 11, 7)11; Chem. Ztg. Rep. 1910, 
34, 807; Jahr. Chem. 1010, 63, 1, .787; Wag. Jahr. 1010, 56, 1, 4.8.7; Zts. Schiess. 
,S|)reng. 1010. 5, 888 . h'or the deeompositioji of feldspar and its use in the 
lixiilion of iitmospherie nitrogen, see W. Ross, J. liid. ling, Chem. 1018. 5, 
727; ahst. J. S. C. I. 1018, 32, 042, See also II. Petersen, Melall. u. Krz, 
1010, 107. 201; Chem. Ztg. Rep. 1017, 41, 70; ahst. J. S. C. I. 1017, 36, 041. 
•I). Meneghini, Gazz. Chem. Ihd, 1018, 43, 81; J. S. C. I. 1018, 32, 280. 

0. 1*'. Hedford iind li. lirdnumn, C. S. P. 1200000. ahst. J. S. C, I. 

1010, 35, 11.70. Kmdieim Sr Co. (I), R. P. 20.7774, 2700.8t); ahst. J. S. C. 1. 
1000. 28, 248; 1014 , 33, 11.74; Mon, Sei. 1012, 77, .71; Chem. Zentr. 1000. 
80, I, 8(0; 1014, 85, II, .700; Chem. Ztg. Re|). 1014, 38, 400; Jahr. Chem. 
1000, 62, 870; Wag. fahr. 1000, 55, I, .’lOO; 1014, 60, I, 808; Zts. ang. Chem. 
loo,), 22, 8.78; 1011, 27, 704) have patented cerium nitride as a catalyst. 

7. P. P. 440217, 4402hS, 1011; ahst. C. A. 1012, 6 , 8701; J. S. C. I. 
1012. 31, 722; Chem, Ztg. Rep. 1012, 36, 714, II, Koppers, D. R. P. 277188, 
2.8.78.74, 1018; ahst. J. S. C. I. 1017, 34, 1142. 

8 . A. Siiiding-barsen and O. Storm, Swed. P. 8020.7; Chem. Ztg, Rep. 

1014, 38, 400. .Swiss P. .78018, 1011. I., I)U|>aie and C. Urfer. li. P. 188041, 

lOlO; ahst. C, A. 1020, 14, 827. 

0. Sue. Generale des Nitrures, li. P. 27080, '27071, 28071, 1013; ahst. 
•J. S. C. I, 1014, 33, 488, .740, 001; C. A. 1014. 8, 88.70; Chem. Ztg. Rep. 1014, 
38, 800. G. s. P. 110,8007, 1010; ahst. J. S. C. I. 1010, 35, 1100. 

10. R. Tofaiii, Chem. Trade J. 1018, 53, 282. A. VValhelmi. I). R. P. 
870002; ahst. C. A. 1014, 8, 1802; Chem. Zentr. 1014, 85, I, 712; Chem. 
Ztg. Rep, 1014, 38, lOI; Zts. ang. Chem. 1014, 27, 1,80. 

11. K. Bayer & Co.,'!). R. P. 10,8272, 20;i287, 28,7008, 280710; J. S. C. 
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as lead vlinmiale and bone ash' have found use under S])ceial 
eonditions. 15. Andersen- uses IIanno\'er’s ])orous metals'' as the 
catalytic agent, while the llreinen-besigheiniBr Oclfabrikeu^ pro¬ 
duce a catalyst of metals, metallic oxides and carbon, by calcining 
organic metal compouiids with carbon to the point where a pyro¬ 
phoric mixture results. 

The Badische Co. have i)atenlcd, among others, the use ()f 
uranium,'’ osmium," molybdenunU and titanium." 

Nitrides, Cyanides and Cyanamides as Sources of Nitric 
Acid.- Many processes have been described for the formation 
of ammonia by the action of steam upon metallic nitrides as those 
of aluminium,''silicon and titanium,"’ the ammonia being then 
oxidized into nitric acid as by the methods alrca<ly described, but 
as yet these processes have not been developed to a firm commer¬ 
cial basis. The Serpek process is typical of this class of reactions. 

While the cyanide processes may, as yet, not be said to be 
economic Successes, yet they offer vast jiossibilities, due primarily 
to the simplicity of the chemical reactions involved, and to the 
fact that but little power is rt'(|uired. It apjiears at present that 

I lull, 34, I Ml!, I21U; M(.n. Sri. IUI7, 84, 7S; Clirin. Zciilr. lUUC., 77, I, 
IIUX-. lUlli. 84, II, ,S27; lUI.'), 86, II, 2U2, Clicni. Ztt;. Ucp. IlMKi, 30, 
12.7; lull!, 37, 71.",; IUI7, 39, 2U,S, 207; Chfiii. Zts. lUINi, 5, 214: Jalir. Clicai. 
IU()7 lUOS, I, 1777; Wag. Jalir. lUOli, 52, I. 4tU; lUlli, 59, I, 717; Zts. aiig. 
Clu'iii. lUOU, 19, IU4I; lUi;!, 26, .702; IUI7, 28, 421, 471; Zts. Seliiess. Spreng. 
lUIK), 1, 102. I). R. I'. 2UU012, 1U17; alisl. J. S. C. I. 1U20, 39, 01-A. .Sit 

also Ik'lg. 1>. 202221, IUI2. 

1, C. I’arsoiis, f, .S, R, 1221112.7, 1017; ahst. J. S. C. I. 11117, 36, 1127. 
C. Parsons and I,. Jours, b. IV 120.242, tlllU; ahsl. J. .S. C. I. 11120, 39, lOH-A. 

2. K, I*. 7.2,211, 1UI2; ahst. C. A. 11114, 8, 2222; J. S, C. I.'1914, 33, 170. 
2. E. 1'. 2.7702, 1911; abst. C. A. 1912, 7, 1477; J. S. C. T. 1912, 31, 04S. 

. 4. 15. R. 4022, 1914. Compare also Alby t'liitcd Carbide Eaelories, 

E, R. 12207, 1911; E. R. -I2.2.2(H1; abst. J, S. C, I. 1911, 30, 1272; Moii. .Sei. 
1912, 79, 120; C. A. 191.2, 7, 404, Alimiiiiium Industrie Akt., E. R. 40.7807, 
abst. J. .S. C. I. lul l, 33, 042; 1910, 35, 11.70; C. A. 1914, 8, 2299; Mon. Sei. 
1910, 83, 12. fl. Anilriessen ainl J. Selieideniandcl, 15. R. 10200, 1912; abst. 
J.S, C. I. 1912, 31, 1082; C. A. 191 1,8,22. Refer to 1). R. R. 282.824, 284816, 
287IK)9; abst. Cliem. Zentr. 1917, 86, I, 10,21; II, 212; 1910, 87, I, 720; Cliem. 
Ztg. Kej), 191.7, 39, 180, 214, 270; Zts. ang. Cliem. 191.7, 28, 29.7, 202, .721. 
E. R. 12089, 1914; 12292, 191.7; abst. J. S. C. I. 1910, 35, 1101. Norw. R. 
20000, 20<i91. Swiss R. 72090. 

7. Belg. R. 220091, 1910. 

0. Belg. R. 222222, 1910. 

7. Aust. R. 02.721, 1912, addn. to Aust. R. .71243. 

8. Swi.s.s P. 44222, 1908; Belg. R. 20090.7, 1008. 

9. O. Serpek, Belg. R. 22.79.72, 1910; .Swiss P. 44,207, 1908; .77981, 1911. 

10. A. Sinding-Earsen, U. S. R. 1042723; E. R. 12314, 191v; E. R. 37.7342, 

414837; abst. J. S. C. I. 1907, 26, 924; 1910, 29, 120.7; 1911, 32, 1382; Mon. 
Sci. 1008, 69, 8.7; 1913, 79, 97; C. A, 1912, 6, 3169; 1913, 7, 220. Swiss P. 
47929, 48700, 1909. 

» 
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if fcrtain mechanical diflitniHies can be surmounted satJhfactorily, 
nitrogen may be fixed in this form more cheaply than in any other 
process so far brought forward. 

In the production of nitric acid and nitrates by means of the 
cyanaraides, cheap power is a rccpiisite for its successful operation. 
The centers of cyanamide manufacture therefore, have been in 
the vicinity of large waterfalls, in the Western Hemisphere only 
at Niagara Falls. It requires, for instance, but about 20% the 
horse power per ton per year of nitrogen fixed, as is necessary 
when operating by the arc process. . 

Nitric Acid from Nitrides.' 'i'he iirincipal process for the 
formation of nitric acid in this manner is that of O. .Scrix'k,- 

1. “Manufacture of nitroKcnized compounds of ahiminum for the pro¬ 
duction of nitric acid,” vS. P. SSS(M4, h'. P. abst. J. S. C. I. IttOti, 

25, lOtM). “Process for itiakiiiK aluminium nitride/’ V. vS. P. 9K7K)X, 1010r)2G. 
K. P. 77)07. IIKH). F. P. man; ahst. J. vS. C. 1. ItHO. 29, 277. "Process 
for j)roducing ammonia from aluininitiin nitride,” P). P. iri<)‘)7, 15)01). F. P. 
117)252; abst. J. S. C. I. lOOi), 29, 1120. “Process for making Al-N com- 
potinds,” li. I’. I.''.!)!).-), mOi). P. P. .•i(i7124; abst. J. S. C. I.'l'JlO, 29, 2.'). 
"Prt)ccss of making aluminium nitride, li. P. 17)1)1)0, 1901). F. P. 415210; 
abst. J. vS. C. I. 1909, 28, 1 HIS. “PoKi-ss for the niamifactiirc of ahmiiniuni 
and otliiT iiKtallic nitrides." U. S. 1>. !ltl(i(«2. Iv. P. HiOSli, HIIO. P. P. 
127109; idj.st. J. S. C. I. 1011, 30, 421. "Manufacture of nitrides such as 
that of ainmininin," U. S. P. Ui;i0020, 1014027. p. P. 12001, 1010. P. P. 
427(Hi0; absl. J. S. C. I. 11)11, 30, 001. "Apparatus for the manufacture of 
aluminium nitride," PI. P. 10.522, Hlip; P. P. 427000; abst. J. S. C. I. 1011, 
30, 301. " RevolviiJK elcelrical furnace with resistances arransed diametric¬ 

ally," E. 1>. 20200, 1010. P. P. 430,5,5.1; abst. J. S. C. I. 1011, 30, 00.5. 
"Rotary electric furnace, principally for makhiK aluminium nitride," E. P. 
2071.5, 1010. F. P. 430.5;53, abst. J. S. C. I. 1011, 30, 1222. "Manufacture 
of nitrides, P'. P. 420S0.S; abst. J. ,S. C. I. Hill, 30, 10.58. "Eleetric resist¬ 
ance furnace for making aluminiiim nitriile," E. P. 427000; abst. J. S. C. I. 

1012, 31, 32. “Process for the manufacture of aluminium nitride, ’ F. P. 
430822; abst. J. S, C. I. Hill, 30, 1382. "Process for the manufacture of 
uluminium nitride,” U. S. P. 1094171, E. P. 8348, 1012; abst. J. S. C. !. 

1013, 32, 87.5. "Process for the manufacture of ammonia by means of alum¬ 
inium nitride,” U. S. P. 1010430. E. P. 10030, 1012. K. P. 4.54430; abst. 
J. S. C. I. 1012, 31, 1078. I). R. P. 18HM)I, 181002; abst. Zts, ang. Chem. 
1007, 20, 137ti. Zts. ang. Chem. 1014, 27, I, 41. For the preparation of 
uluminium nitride, see E. P. 12003.5, 1918; abst. C. A. 1910, 13, 307. Soe. 
Ocnerale de.s Nitrurcs, P. P. 43.5308, 1010; 438200, 1011. E. P. 2,5141, 1011; 
101091, 1910. II. s. P. 1143482, 191.5; abst. J. S. C. I. 1912, 31, 127, 38,5, 
/>88, 087; I9I.5. 34, 423, 824; 1917, 36, .503. Aust. P. 7>8193. 1913: Bclg. P, 
248080, 1912 ; 2.5ti39.5, 202309, 202419, 1913; Swiss P. 00119, 1911; 00037, 
.58606, .59148, 6.53.50, 66124, 66640, 67106, 67107, 70283, 70901, 71281, 71590; 
71804, 7422.5. O. Serpek, U. .S. P. 1060640, 1217842; E. P. 25141, 1911, 
E. P. 433995, 1910; abst. J. S. C. I. 1912, 31, 230; 1913, 32, 093; 1917, 3Sj 
.583. P. Hershman, U. S. P. 1261.526, 1918; .abst. C. A. 1918, 37, 1588. F. 
Polzcnitisz, PI P. 323032, 1902; abst. J. .S. C. I. 1903, 22, 420. L. Gautrelet, 
P. P. 47450? 1913; abst. J. S. C. 1. 1915, 34, 1091. C. Ellis, E. P. 25630. 
1912; abst. J. S. C. I. 1913, 32, 790. 

2. “Nitrogenizetf Compounds of Aluminum for the Production of 
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whose iKiVviits have been ac((uired by the Soeiete (wiierale vies 
Nilrures,' and arc bein'; exploited at the present time in h'ranee, 

Nitric Acid,” V. .S, P. S,S,S044. F. P. ;i()712l; alist. J. S. C. I. l',)(K>. 25, lO'ld, 
'•Ahiminuni Nitride.” Is S. P. a.S74(),S, I()Um 2(). K. P. 7r)()7, I'.lOl): F, P. 
4110.41: alist. } S, C. 1. lOlQ 29,277. "Aiiimoiiia from .Mimiiidiim Nitride," 
F. P. 1.’)‘,I07, 1000; F'. P. 41.'>2.')2: ahst. J, S, C. I. 1000, 28, 1120. F. P, 
l.'rOO.'., 1000; F'. P. 407121; ahst. I. .S. C. I. 1010, 29, 2,7. Austral. P. 12.740, 
127.70, 1014; 170,S4. hSl.SO, IS-loil, 1.S770. 1010. India P. 440, 1010. "Al- 
tmiininm Nitride,” F. P. 1.7000, 1000; F. P. 11.7210; ahst. J. S. C. I. 1000, 
28, lilts, f. S. P. 000042, f:. P. I40S(j. 1010; F'. P. 427100, ahst. J. S, C. 1, 

1011, 30, 421. f. S. P. 1040020, 1044027, I;. P, 12001, 1010; F. P. 427000 ; 
ahst. J. S. C, I. 1011, 30, 401. F. P. 10.722, 1010; F'. P. 127000; ahst. F S. 
C. I. 10,11, 30, 401. F. P. 20200. 1010; F. P. 440.7,74; ahst. J. S. C. 1. 1011. 

30, 00.7. F;. P. 20717, 1010; F. P. 4;i0.7.74: ahst. J. S. C, 1. 1011, 30, 1222. 

F', P. 120SO.S; ahst J. S. C. 1. 1011, 30, 10.7S. F'. P. 127000; ahst, J. S. C I. 

1012, 31, 42. "Mamifaetrireof .-Miiininium Nitride.” F. P. 140.S22; ahst. 1. S. 
C. I. 1011,30, 14,S2. F. S. P. 1004171; F;, P. S44S, 1012; ahst. J. S. C. I. 1014, 
32, S7.7. r. S, P. IlHOldO, F;. P. 10040. 1012; F. P. 1.74440; ahst, J, ,S, C. I. 
1012, 31, 107.S; 1014, 32, 10.7. I). R. P, ISlOOl; ahst. Zts, anx. Chem. 
lh07, 20, 1470; 1011,27, 1,41. A. hiiidhald, Iv. P. 110244; ahst. C, A. 1010, 
13, 00. For nitrogen coiiipoimds of tmiKsteii, see ISadiselie Aidlin ii. Soila 
Fahrik, D. R. P.'210.7.74 . 2.70017; Ii, P. 12002, 1011; ahst, J. S, C. I, 1012, 

31, 441; lOhh 32, 0.77. F'or process lor making stable hnron nitride, consult 
Cl. W'eintrauh, 1'. S. P. 11.77271, 101.7; Ii. P. i2477, 1014; ahst. J, .S. C. I 
tol l, 33, 27.7; 101.7, 34, 114.7, 

1. ".Mamifacture of Nitri'ies and Annnoiiia from Nilroeen,” li. P, 
.770.7, 1011; ,S410. 1012; F'. P. 44.S21S, 4.701 10; ahst. J, S. C, I 1012, 31, 011 

Ii. P. 4444, 1012; F'. P. 447I0S; ahst. ,1. S C. I. 1012, 31, 142. "Proeess of 

Making ..Mmninimn Nitride,” Ii. P.,S44i, 1012: F'. P. 1.7017.S; ahst. J. S. C. I, 
1012, 31, SIO; 1014 , 32, 004; V. S. P. 1000700, 107S41.4; li. P. .S4I0, 1012: 
F. P. 4401.70; ahst. J. ,S. C. 1, 1012, 31, S7.7. Ii. P. 12,447, 1012; F'. P. 4.7,S04I ; 

ahst. J. S. C. I 1014, 32, 1010. li P, 10100, 1012; F', P, 1:10.7.74; ahst. 

J. S. C. I. 1012. 31, 1 140. Ii. P. 22147, 1012, F. P. 127100; ahst. |. S. C. I. 
1014, 32, 244, F, ,S. P. II.7.7,S-I0; F. P. 171.440; ahst. J. S. C. I. 101.7. 34, 
1001. "Process t)f Fisinr; Nitro;;en hv Means of F'erro .Mimninmn,” F. S 
P. 110.S00.7; li. P. 27040, 27071. 1014: F'. P. 470000, 17|:i22; ahst 
J. S. C. 1. 101.7, 34, 10.74; Ii. P. 1007.7, 1014; F'., P. 1,770.70; 
ahst. J. S. C. I. 1014, 32, 1010. li. P. 11001, 21.400. 1014; F. P, 
4.77724; ahst. J. S. C, 1. 1014, 32, 1010. li P. 22.7';H, 101.4; F, 
1*. 47440.7; ahst. J. S. C. I. 101,7, 34, 4,74. li. P. 24740, 1014; ahst. j, S. C. I. 
lol l, 33, 044. “Mamifacture of AInminimn Nitride," li. P, 21.744, 101.4; 
F. P, 474420; ahst. J. S. C. I. 1017, 34, 42.4. li. P. 21.447, 1014; F'. P. 104:100; 
ahst. J, S. C, I. 1011, 33, 427. li. P. 2.S07I, 1014; ahst. J. S. C, F lOFl, 33, 
444. “Process of Oxidizing Ammonia,” F'. 1’. 4740hS; ahst. J. S. C. I. 101.7, 
34, 717. li. P. 4247, 101,7; F. P. 170121; ahst. J. S, C. 1. 101.7, 34, 001. 
li. P, 11271, 101.7; F. P. 474440; ahst. J. S. C. I. 1010, 35, 117. F. P. 171422, 
ahst, J. S. C. 1. 1010, 35, 044. “Process of F'ixintt Atmospheric Nitrogen," 
F'. P. 474405; ahst. J. S. C. I. 1010, 35, 0.44. IF P. 477004; ahst. J. S.'C. I. 
1010, 35, 40. F, P, 470121. D. R. P. 2.4.4410; ahst. J. ,S. C. I. 1011, 30, 
1414. “Prodnetion of Boron Nitride,” British Thomson-1 lonston Co., li. 
P. 2140.7, 1912; ahst. J. S. C. 1. 1014, 32, 000. In this connection sec F'. 
(Iros and Bouchardy, Ii, P. I.‘i2022; ahst. C. A. 1020, 14, 271. S. (liertsen, 
F. S. P, 14200.1.7, 1010; ahst. J. S. C. I. 1020, 39, 171 A, II. lia.stman, F. 
S. P. 124240.7, 1017; ahst. Chim. Ind. 1020, 3, 214. O. Co.x, F, S. P, 14204 22, 
1010; ahst. C. A, 1020, 14, .702. Ii. Metzger, F. S. P. I.422'l0.7, I;i21ll0, 
1010; ahst. C. A. 1020, 14, 414; J. S. C. I. 1020, 39, IIWI-A. Barzano atid 
Zanardo, Ital. P, 441,41/124470; ahst. Chem.’Ztg. 1014, 37, 224. C. Burke, 
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a metallic nitride—preferably aluminiuni -being formed from 
alimiina, and this siibseiiiienlly decomposed by water fir alkali, 
according to the following reactions: 

AljO., + :iC + Ni! = 2A1N + ;iCO 
AIN -f lilW) = A1(()II);, ^ NH:, 

Alnminiuni carbide was first employed as raw material, being 
lieated in a current of nitrogen or generator gas. I'lie addition 
of carbon or alnmininm to the carliide is allegi'd to increase tlie 
absorption of nitrogen. According to the observations of N. 
Caro, the nitrogen absorption by alnmininm carbide is preceded 
by dissociation of the carbide into alnmininm and carbon, the 
absorption being aci'elerated by the addition of copper or 
iron. It has been shown that the yield of nitride is greatly in- 
llnenced by the temperature employed, and that, while some 
nitrogen is absorlied at 11(10°, more rapully at l.MllC, energetically 
at 1700°, and with \ iolence at 1SOO° IS.MC, nearly pure nitride 
was formed only at the more elevated temperatures. , llowe\er. 


II lt(iv<l, 1’. BiiUlisdii and J. Zink, f, .S. 1’. I.'il'.ist:!, KIHh alist. J. S. t', I. 
I'll'l 38 iOli A; C. A. I'.IL’d, 14, nil. (>, Carlson. Swiss P. .vStgg; al)st. 
t'liein Z.’li;. PO.’i', 37, g.TI. ConlaRne. li. P. PtdoT, I'll 1; alist. J. S. C. I. 

Pir, 34 ',S(I !•; Ilaslnp, H. P. i:!A,S,sri. l;i.a.SS'l. P.iL’d. H. Innnendortl and 

li Kapm-n. .Bwiss P. oStaS: I). K, P. 2.'>77(i!l, 2.77,S27; ahst. Clieni. ZtR 
Pll.’t 37, 22.S 21)2. H. Kipper, f. S. P. I.■^22II2I). P.llll; ahst. L. A. 11120, 
14 T Kni).sel, Anst. P. .WlilS; ahst. Cliein. '/An. 1010. 37, Lh)2. -V 

l.indhlad, f. S. P. i:!2So7.7, 1020; Iv. P. 122o2:!; ahst. C. A. 1020. 14, 0th ; 
Cliiin Iml 3. 212 (K LfinnuTtnanii ;in<l A. luncckc. MJtt. jh-iu. 

kandwTu's. IoIh. M 07.1; Hied. Zentr. 1010. 48, 200; J. S C, I 1020, 
14, 75 A. K. Lewis, IL S. P. i:i21-l,70, 1011; ahst. C. A. 102(k 14, 2 . 

L Li.lliolnt, Austral. P. !27s:i, I27S4, 1011; New Zeal, P. .■LI-20, -.-I..01. 1. 4. 
V Malv. Zts. Landw. Versnelisw. Oester. iOll-, 19, -lla. Hieil- Zinlr. I. 1. , 
48 illilL 1. S, C. I. 1020, 39, 7.1.A. Meister. l.nenis & Hrnnni)!, 1) K. 1. 
‘oriois.’.-ilioio, 1010; ahst. J. S. C. I. 1020. 39, 174-A. 

(lurk.iw. 111. Landw. Zts. 1010, 39, 27; a'-sL ’ **t ' ri. .m ' 

C. 1. 1020. 39, 7.7'A. K. Morani, Ital. P. -LSO 242 l_4.)14, .ihst. Clum. 
/tir IMIS *37 Nilroei’ii Co., Ansi. P. r)(il2M. ")l>4o0: a))sl. Clum /A|{. 
fo^il.W; IL ’ r^tro^ C:,rp„rati,.n. Iv P, 1^:107 IS'HL 11012. <00(1, 27,14. 
1!)12: i;w:!2. IlM-l; KOT.'o. IMIS: ai>sl. C. A. liCO. 14, 14, .i_-. . • 

K P IMl-p V S. P. P2(n7-I(). IMl(>: ahst. J. .S. c. I. IMl l. 

iI:5;'H.ltl.'35! 120L J kehL Iv P. LKK^IH, 1;™'0. 

C A. 1020, 14, 2.7;L P. Saves, li. P. KlaSl,. 10_0. M. Shotld, Cat . 

10,5002, 1010; ahst. C. A. 1020, 14, 50:!. h'f'o! pvt.,]! '• 

hficazione de Carlmro (li Ctileine Pntdotti Alhiti. Ital. 1. 

ahst. Cheltl. ZtK. 1014, 37, 200. .Stiekstollwerke, I K. I • 2 „n! 4_, .thst. 

Chein. ZtR. 1014, 37, 420. C. Stiitz, It. I’. p ')■ dwC 

14 24,S K .Shxniiii li. P. 144101, 1441(M. I.i.ilOa, 10>h; ahst- C. .V 1.1-0, 

14 ;>r!;L 41,S; C S. C, L loio, 38, OOO A. N. Tesdrnp 

Lahnrat,tries. Ltd.. li. P. I410.S4, lOhS; a''st h ^ <■ ■ ’, ' 'l—urtV 

Tlirane P .S •P. 1420410. lOlO: !>■ K. P. .1120.S.S, lolti, ahst C. A. D-O, 

14, 504; Chitn. Iml. 1020, 3, 20.0. 
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when temperatures of 20(t0° and above were employed, formation 
substanti.dly ceased due to the decomposition of the nitride, as 
fast as formed. According to Serpek, the most favorable tem¬ 
perature for maximum yields lies between 11S()0° and ]9()()°. He 
also found that impure alumina as bauxite and some of the 
purer claj^s could be converted, and often at hjwer temperatures 
than the purer aluminium compounds, presumably due to the 
catalytic elTect of the impurities. 

The Serpek process consists essentially of two superposed 
cylindrical kilns, oppositely rotating and inclined to each other, 
the powdered and dried bauxite being introduced into the upper 
one, and calcined in its descent by means of counterflowing hot 
ga.ses. The calcined bauxite, drops through a funnel into a 
chamber, where the desired amount of carbon is introduced, then 
enters the lower cylinder, where in its descent it passes through 
an electrically heated zone where it is submitted to a temperature 
of 1S()0°-19(1(1“. Here the nitrogen reacts with the aluminium 
and carbon with the formation of AIN and CO. The siliceous 
impurities are mostly volatilized. The formed nitride is collected 
in an air-tight chamber. 'I'he product from bauxite contains 
about 2()% nitrogen, whereas tliat from i)ure alumina contains 
up to 34%. The methods of K. Kaiser,' J. Bucher,- O. Ciulini,'' 

1. K. P. L'(i,S(B. Ih0.s; 240:;.'). 'Oil; ahst. J. .S, C. I. lOtW, 25, 2I,S, 

Austral. P. 100.'); lOOOX, 1010; .mii, 1011. F. P. .|:;r):t07, 1011; absl. 

J. S. C. I. 1012. 31, .m .Siv C. Kratiss ami P. .Staehlin, 1'. S. P. 12111K1, 
1017; abst. J. S. C. I. 1017, 36, I.'IK. For manufacture of coherent masses 
of boron and titanium nitrides, see li. Podszus, 1). K. P. 2.S274K, 2.S(>002, 
1913; abst. J. S. C. I. lOL'i, 34, 717; lOKi, 35, 170; Cliem. Zentr. lOl.o, 86, 
I, 71.'>; 1917, 88, I, 730; Clicin. Ztn. Rt'i), lOlo, 38, 103, 370; Zts, ani;. Cliem. 
1915, 28, 205, .503. For preparation of aluniinium and maKriesium carbo- 
nitrides, (cyanainides), consult S. Peacock, li. P. 11390, 1912; F. P. 4.53103, 
H)I3; abst. J. S. C. 1. 1913, 32, 099. 1007; Mon. Sci. 1014, 81, 55; Cheni. 
Ztg. Rep. 1914, 38, 345; C. A. 1913, 7, 3(i44. U. S. P. 10o7370, 1147131, 
1123.585; abst. J. S. C. I. 1913, 32, 487; 1915, 34, 423, 901; C. A, 1913, 7, 
1781; Mon. .Sci. 1013, 79, 140; Chem. Ztg. Rep. 191.5, 39, 29X;M017, 41, 34. 

2. E. P. blO, 1913: abst. C. A. 1914, 8 , 2.547. U.,S. P. 11590,39; F. P. 
40.5079; abst. J. ,S. C. 1. 1014, 33, 044; C. A. 1914, 8, 3491; Mon. Sci. 1910, 
83, 13; Chem. Ztg. Rep. 1914, 38, 470. Austral. P. 11238, 1013 (C. Hatton 
and J, Bucher); 1.309(1, 14805, 1914; 1.5905, 191.5, G. Patronilleau, F. P. 
47519.5,1914; abst. J. S. C. 1.1910, 35, 40; Mon. >Sci. 1910, 83,81. F'or the prep¬ 
aration of silicon nitride, sec Badische Co., Bclg. P. 222111, 191(1; .Swi.ss 1’. 
48342, 1909. 

3. 11. S. P. 1130840; abst. J. S. C. I. 1910, 35, 033. D. R. P. 20.5.573, 
1912; abst. Chim. Ind. 1920, 3, 214. F. P. 45140,5; abst. Chem. Ztg. 1913, 
37, .330, E. P. 2.5874. 1912; abst, C. A. 1914, 8, 1491; J, S. C. I, 1913, 32, 
911. F. P, 451405; abst. J. vS. C. I. 1913, 32, 000; C. A. 1913, 7, 3204; Mon. 
Sci. 1014, 81, 7; Chem. Ztg. Rep. 101.3, 37, 378. E. P. 22837, 1913; abst. 
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J. Margoles,' E. Milde,^ W. Zaenker/ and R. Wallace and V,. 
Wassner/ are similar up to this point. 

Irrespective of how obtained, the aluininitnn nitride can be 
decomposed by water or dilute alkali, or with .sodium alurainatc 
solution according to the Bayer process; or with steam at five 
atmospheres,® the nitrogen being recovered'as ammonia. Where 
sodium aluminate is used, a highly purified alumina, free from 
iron and silica is obtained, of especial value in the electrolytic 
jiroduction of aluminium. 


O. Coutagne," P. Her.shman,^ T. llygen,” and A. .Sinding- 
Larscn," have evolved refinements of this general process. 'The 

J. vS. C. T, iniT), 34, SOO; F. P. 4(i32-i2; abst. J. S. C. I. 11)14 33 4*>1 ■ C A 
1014, 8, 24()4: Mon. Sci. lOlO, 83, 10; Chcin. Ztg. Kep. lOl I 38 227 
1. I‘. p. 4(5r):UM; alist. J. S. C. I. 1014, 33, .111). ’ » • 

M of' s" u 'r '■ 

82, IS. vSct* Hadische Co., Swiss P. 7)1114. .“111."). 51741, 1010 

:i. P. P. 4.')l)n<i:i; ahst. J. .S, C. I. I'.n.t, 32, 1 l.Ve’c. A. 11»I4 8, 2lt);i- 
them. /tg. Rep. lOlt, 38, 17(1. I''. 1>. 4.-,.S.-il!l; al.st I ,4 C I 'l<)l:! 32’ 

nOS; C. A. I!»I4, 8, 24(i.i: Cliem. Ztg. Kep. Iill4, 38, 177. ’ 

_ 4. h, P. l,S4.'j0, 1012; alist. C. A. 1014, 8, riAli; J. S. C. 1. l!;lt, 33, 22. 

I'ljr inethod of pnxliieing molded blocks of iiilrides, see li Podazus IIoll 
P. 27.17 lOlS; ahst. C. A. 1010, 13, .OO.'?; IC. P. Appl, 2127,4, I0l;{. ' Consult 
P. llersliman, P. S. P. 12(U.‘>2(), 1018; abst. J. S. C. I. 1018 37, 11.-,-A 
, , 'C Peacock, IT, S. P. in;i.7727; IC. P. Ii;i0.-,. 1012; al.st. J 's C I 
;1 T S’ *2, 0.07; C. A. 1012, 6, .'Kir,; lOl.l, 7, .■!ll44; .Moii. Sci. 

I.lld, 79, 4; Cliem. Ztg. Kep. 1012, 36, .081. U, S. P. 1021.081, 1021.082- 

le P. 11201, ll;t02, 1012; ahst. J. .S. C. I 1012, 31, 772; 101.2. 32, 0,07; C. a! 

0 2, 6, 20,0; 1012, 7, 2044; Mon. ,8ci.-10l2 . 79, 2 , 740; Cliem. Ztg. Rep. 

1012, 36, 002. U. S P. 1002107; ah.st. J. ,S. C. 1. 101.0, 3<, 170; C. A. 1014 
8, 187,7; Mon, .Sci. 1014, 81, 100; Cliem. Ztg. Kep. 1014, 38, 201. C. ,S. P. 

I l20i)l2, 1120.012; ah.st. J. S. C. 1. 1010, 34, 20.0. h'. P. 11,8000; abst, J. S. 

11)15 * Trans. Anur. UlcctnK'lK-in. Sw. 

P- ' H- P- 1-0.07, 1012; It P. 400.0.04; alest. T. S. C. I. 

lOlo, 34, 80; 1910, 35, 0.22. K. P. 420710; ahst. J. S. C. I. 1012, 31, 422; 
.V;,,''' ''’ei. 1012, 79, 124; Cheni. Ztg. Rep. 1012, 36, 

.120. p. P. 420780; ah.st. J. ,S. C. f. 1012, 31, 4.22. .044, 022, P. P. 127.004; 
ahst. J. S. C. I. 1012, 31, .0,2,0, 10.22. !■'. P. 4.27780; ahst, J. .S. C. 1. 1012, 
^ 422. F. P, 477740; ah.st. J. S. C. 1. 1010, 35, 0.22; Moii. .Sci. 1010, 83, 
■Si. F. P. 4000.80, 1012; J. .S. C. I. 1014, 33, .80,0; Mon ,Sei. 1010, 83, hO. 
M. Shoeld, IT, S. P. 1274797, 1018; abst. C. A. 104.8, 12, 10,00; J. S. C. 1. 
I018,_37, 002-A. 

^ ' P- I : ahst. J. S. C. I. 1010, 35, .8OO; Cliem. Ztg. Rep. 
1017, 41, 124. IJ. s. P. 1188700; ahst. J. .8. C. I. lOKi, 35, ,800. I'. .8. P. 
11^/7^0; abst. J, S. C. I. 1010, 35, 800. U. 8. P. 11,8.8771; ahst. J. S. C. I. 
1010, 35, 890. (2an. P. 17.27.'>1, 1017; ahst. C. 1917, 11, 210;2. 

8 . F. P. 482250; abst. C. A, 1017, 11, .2204. 

9. U. S. P. 1042722, K. P. 418827; ahst. f. 8. C. I. 1010, 29, 1205; 
h;,A* 1012, 7, 220; Moii. Sci. 1012, 79, 97. U. ,8. P. 10,21477, K. P. 12314, 

F. P. 431182; abst. J. 8. C. I. 1911, 30, 1382; Mon. ,Sci. 1013, 79, 15, 
If); C. A. 1912,.6, 2580, 3169. F. P. 375242; abst. J. 8, C. I. 1907, 26, 924; 
Mon. Sci. 1908, 77, 86 . 
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Badisclie Aniliii u. .Soda I'abrik' produce nitrates hy treating 
nitrides \vith nitric acid or with the gases containing nitrogen 
oxides from an electric arc furnace. 

The purely scientific side of the Sefpek process has been 
investigated bv S. Tucker aud II. Read," W. hraenkel,’ J. Rich- 


1 li 1’. L’Slitt. EMM; 11274, KKlii; iihst. J. .S, C. I. I'lori, 24, (ill); llllO, 
29, 757. i. Roth, .Swiss R. :iWl27, I90(i, 

2. Trans. Amcr. liU'driK'lioin. Soc. 1912. 22, 57: alist. C. 19l.'i. 7, 
25, Ili75 S. Tucker. Coal Tracies Review, 1915, 11, 17(i; J, S. C. I. 1912, 
32 ! 114;5; Jour Iml. Iviig. C'liem. 191:1, 5, 191. 

.'i. Zls. blektroeliem. 191.'1, 19, .'>(12. For other nietlioils for producing 
nitrides, sec 1). R. R. (iti.SlIii: abst. Her. l,S9:i, 26, .'159: Wag. Jahr. ISTl, 39, 
.['> 5 - Zts. ang. Client. l.H9:>, 6, lol, O R. R. IKlSl.l; abst. Hci. 1S9,1, 26, 
42X; Wag. Jahr. 19i:i, 39, 125; Zts. ang. Cliein, LS'l.'i, 6, 151. I). R. R. S,S999; 

abst. Mon. Sci. 19i:i. 79, 741; Client. Ceiitr. 1S97, 68, I, 142; Chein, Ztg. 
Ren 189t), 20, 9:14; Jahr. Client. 1,S9., 50, 529: Wag. Jahr. 189(1, 42, 411: 
Zts ang Cheni. 1,8911. 9, I17II. 1>. R. R. Il,(i2.'l; abst. Mon. Sci. 1991. 57, 

I, 59 1915, 82, 19: Cheni. Ceiitr, 1991, 72, 1. 24, ; Cheni. Ztg. Rep, 1901, 25, 

127: Wag. Jahr. 1991. 47, II. 18. Zts. ang. Cheni. 1991, 14, 299._ 1). R R 

R)7;i92' abst. Mon. .'■’ci. 191 1, 75, 99: Cheni. Zeiitr. 1998, 79, I, 1747: Cheni. 
Ztg Rep. 1998, 32, 2IU: Cheni. Zts. 1998. 7, ,898: Jahr. Cheni. 199.5 199,8, 

I 1721- Wag, Jahr. 1998. 54, I, 497; Zts. ang, Cheni 1908, 21, 12, 1. I). R. 

P ‘>o:T 7,59' abst Mon Sci. 1912, 77, 49; Cheni, Zentr. 199.8, 79, 11. Hi-).): 

Chem Ztg Rep. 199 . 8 , 32, 922; Cheni. Zts 1999,8, 1921; Jahr. Cheni. 199.5 

t'108 I '’I.SO' Wag Jahr. 199,8, 54, I. 470; Zts. ang. Cheni, lOO'.l, 22, 2,1. 
1). R. P. 29.59ki: abst. Cheni. Zentr. 1999, 80, I. ,894; Cheni. Ztg. Rep. 1999, 

33 22; Jahr. Cheni. 1999, 62, .5.12; Wag. Jahr. 1999, 55, I, .590:_Zts. ang. 

Chem 1909. 22, 2(32. D. R. P 219745; abst. Mon. Sci. 1919, 73, 1.52; Chetn. 
Zentr 1919 81, 1, 212: Chem. Ztg, Rei>. 1999, 33, (itiii; Jahr. Chem. 1999, 
62 I, 744' Wag. Jahr. 1999, 55, I, 471; Zts. ang. Chem. 1919, 23, 228. I). 

R.'P. 217927; abst. Chem Zentr, 1919, 81, I, 299; Cheiti. Ztg. Re|i. R.IIO, 

34 lit- Chem. Zts. 1919, 9, Xo. 1999; Jahr. Chem, 1999, 62, I, 944; Wag. 

laiir. i999, 55, I, 472; Zts. ang. Chem. 1919, 23, 278. 1). R. R. 22492.S; 

abst Mon .“ci. 1914, 81, 88; Chem. Zentr. HIIO, 81, 11, (i97; Chem. Ztg. 
Rep 1919, 34, 415; Chem. Zts. 1911, 10, No. 21.84; Jahr. Chem. 1919, 63, 
1 794- Wag. Jahr, 1919, 56, I, .517; Zts. ang. Chem. 1919, .23, 2292. I). R. 

R o.niigjH. abst Mon. Sci. 1914, 81, ,84; Chem. Zentr. 1911, 82, I, 27.'i; Chem. 
Ztg.'Rep.'lOll, 35, 42: Wag. Jahr. 1911, 57, I, .50.8; Zts, ang. Chem. 1911, 
24 1S.2 I) R R. 221999; abst. Mott. ,Sci. 1914, 81, 148; Chem. Zentr. 
1911 82, I, 999; Chem. Ztg. Rep. 1911, 35, 127; Wag. J.dir. 1911. 57, I, 
492- Zts ang. Chem. 1911, 24, 522. IL R. R. 221889; abst. Mon. Set. 1914, 
81, 148; Chem. Zentr. 1911, 82, I, 852; Chem. Ztg. Rep. 1911, 35, 129, Wag. 
Jahr 1911. 57, I, .509; Zts. ang. Chem. 1911. 24, .595. I). R. R. 2.11129; 

ibst. Chem. Zentr. 1911, 82, 1, M97; Wag. Jahr. 191b 57, I, 59,; Zts. an|. 
Chem 1911, 24, 1992; Zts, Schicss. Siireng. 1911. 6, .11,>. D. R. I . ..lo-1.4, 
abst. C, A. 1912, 6, 1825; Chem. Zentr. 1911, 82, II, 111; Chem. ^tg. 

1911 35, 2.52; Wag. Jahr. 1911, 59, I, .599; Zts. ang. Chem. 1911, 24, 1442. 
D R P 2.2.5999; abst. Chem. Zentr. 1911, 82, II, 199; Chem. Ztg. Rep. 1911, 
35,247; Wag. Jahr. 1911, 57, I, .597; Zts. ang. Chem. 1911, 24, 1442. jb R. 
P. 229(H4; abst. Chem. Zenir. 1911, 82, II, 2:i8; Client. Ztg. Rep. 1911 35. 
;Usi- Wag. Jahr. 1911, 57, I, 597; Zts. ang, Chem. 1911, 24, 144.L I). R. 1. 
2274.29' abst. C, A. 1912, 6, 1.597; Chetn. Zentr. I9l 1, 82, II, 9,50; Chem.'Ztg 
Rep. 1911, 35, 442; Wag. Jahr, 1911, 57, I, 59.5, Zts, ang. Client. 191 , 24, 
1782 D. R. V. ZiKm; abst. C. A. 1012,6, lo/T); Clicm./cjitr. ^OM, 82, 

II, 1077; Chem. Ztg. Kejx 1011, 35, 50:i- Wag. Jahr. lOll, 57, I, oOo; Zls, 
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ards.'.and described in detail by '1'. Norton. Donatli and Indra, 
and»J. Knox.''“ • 

Cyanides and Cyanamides as Sources of Nitric Acid. H. 
Moisson in l,S<)2 demonstrated that calcium,carbide could be 
readily produced in large quantities in the electric furnace, and 
in 1K9.) A. hrank and N. Caro'* published their investigations on 
nitrogen absorption by metallic carbides, which laid the founda¬ 
tion for the cyanamide industry on its present solid technical 
basis. According to Moisson. calcium carbide does not absorb 


ani{. Chcin. bill, 24. 2029. T). R. P. 2;i99()!l; abst C A l9|-> $ ■^Pia- 

Chem. Zentr. 1911, 82, 11 , l()2(); Cliein. ZIk. Rep. 1911,. 35, (GO: Wagt “laliV 
lull, 57, 1, .')0;i; Zts. aiiK. Cliein. 1911, 24, 2270. 1). R. P. 24.'!s;!9' abst. 

C A. 1912, 6, 2299; Chem. Zeiitr. 1912, 83, I, .SO.a; Clioni. Zts. Rep’ 1910 
36, 171; Wag. Jahr. 1912, 58, I, 4,a?; Zts. aiig. Chem. 1912, 25, .Wl.a. D. R, 
P. 240.").04; abst. C. A. 1912, 6, 2.704; Chem. Zenlr. 1912, 83, 1, 1045- Chem, 
Ztg. Rep. 1912. 36, 291; Wag. Jahr. 1912, 58, 1, laX; Zts. ang. Chem. 1912, 
25, lO.al. 1). R. P, 2.70;i77; abst. C. A. 1912. 6, .•!.')02; Chem. Zentr. 1912, 
83, 11, IlOX; Chem. Ztg. Rej). 1912, 36, 52.'J; Wag. Jahr. 1912, 58, I 4,78' 
Zts. aiig. Chem. 1912, 25, 2 ;iW). 

1. Chem. Kng. 191.4, 17, 114, 190. Trans. .Amer. lilectroehem Soc 
1914, 33, 4.71. 


2. Compare C. Thorssell ami 11. l.umlen, C. S, P. 12K0.S49 19IS' 
abst. C, A. 1919, 13, 400. 

4. r. S. P. 990011, 9.S7074, 1010404; E. P. 217,SO, 1907; abst JSC 
1. 1908, 27, ,S9S; C. A. 1912, 6, 411; Mon. ,Sei. 1911, 75, 114; 1912, 77, 140; 
Chem. Ztg. Rep, 1911, 35, 248, 492. C. S. P. 1000927; E. P. .7414, HIOt’ 
abst. J. vS. C. 1. 1908, 27, 749; C. A. 1912, 6, 14.7, Mon. Sei. 1912, 77, 129' 
Chem. Ztg. Rep. 1911, 35, 020. 1). R. P. 224429; abst. J. S. C. 1. lOlo’ 

29, 1010; Chem. Zentr. 1910, 81, II, ,711; Chem. Ztg. Rep. 1910, 34, 497; 
Jahr. Chem. 1910. 63, 1, .787; Wag. Jahr. litlO, 56, 1, 4,8.7; Zts. ang. Chem, 
1910, 23, 2098; Zts. Schiess. Spreng. UllO, 5, 448. 1). R. P. 1442.89. 

1900; ab.st Zts. ang. Chem. 1902, 15, 94.7; Mon. vSei. 1904, 59, 74; 
Chem. Centr. 1902. 73, 11, 774; Chem. Zts. 1904, 2, 219, 40.7; Jahr Chem 
1902, 55, 474; Wag. Jahr. 1902, 48, 1, .42.7; Zts. ang. Chem, 1902, 15, 94.7. 
,1). R. P. 204.882; Aiist, P. 49220, 1911; Mon. Sei. 1912, 77, ,70; Chem. Zenlr. 
1909, 80, 1, .•124; Chem. Ztg. Rep, 1909, 33, 12; Chem. Zts. 1909, 8, No. 1087; 
Jahr. Chem. 1909, 62, .711; Wag. Jahr. 190.8, 54, 1, 492; Zts. ang. Chem. 
1909, 22, 4.77. A. Erank, Zts. ang. Chem. 1904, 16, ,740; 190.7, U, 1744; 
1900, 19, 84,7; J. S. C. 1. 1908, 27, 1094; N. Caro, Zts. ang. Chem. 1909, 22, 
1178; A, Erank, Trans, Earailay Soe'. 190,8, 4, 99; ab.st. J. S. C. I. 1908, 27, 
1094. G. Erlwetn, Zts. ang. Chem. 190.1, 16, .743; Zts. lilektrochem. 1900, 
12, ,7,71. A. E'raiik ami N. Caro, D. R. P. 10.8971, 189,8; abst. Zts. ang. 
Chem. 1900, 13, 14.7; Chem. Ztg. 19(K), 24, 177; Chem. Zts. 1902, 1, 219; 1!KJ4, 2, 
319; Jahr. Chem. 1900, S3, 407; 1901, 54, 421; 1904,57,.7.78;Wag. Jahr. 1900, 
46, II, 30; Zts. ang. Chem. 1900, 13, 14.7. D. R. P. 224429. O. Erank ami 
A..Eiiike, U. S. P. 1101424; abst. C. A. 1914, 8 , 292,7; Chem. Ztg. Rep. 1915, 
39, 244. E. P. 449244; abst. Mon. Sei. 1914, 79, 177, Eor details of the 
Muscle .Shoals cyanamide nitrate plant, eonsult Chem. Met. Eng. ISIP.t, 20; 
lileet. Rev, 1918, 74, .72; abst. C. A. 1919, 13, 284, 499. E. Eoersterand H. 
Jaeqlty, Zts. Elektrochcm. 1907, 13, 101; 19(H), J5, 820; J. S. C. I. 1907, 26, 
424. W. Eandis, Met. Chem. Ivng. 1910, 14, .87; J. Ind. Eng, Chem, 1910, 
8, 1,70. !•;. I,c4inis, Zts. Gahrtmgsphysiol, 1914, 5, 10; Hull. Agric. Intell, 
1914, 6, 074; J. .S, C. I. 191,7, 34, 844. 
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nitrogen even at 1200°, but l^rank and Caro demonstrated that 
technical alkaline earth carbides, owing to the impurities con¬ 
tained'therein, absorb nitrogen at much lower temperatures. 

By the action of nitrogen upon metallic carbides, mixtures 
of cyanides aixl cyanamides result, the relative proportion de¬ 
pending upon the metal and on the temperature of union. The 
formation of cyanamide may be expressed as follows; 

CaC-> N« to CaCNo + C to Ca(CN)> 
carbide cyanamide cyanide 
It has been .shown that with alkali carbides there is a large pre¬ 
ponderance of cyanide. With BaC? about cyanide and 7()'’v: 
cyanamide is formed at 70I)°-S0l)°, while with CaCs, cyanamide 
only is usually formed. In general the proportion of evanide 
increases as the temperature becomes more elevated. C. Matig- 
non' has calculated the eiiuilibria theoretically, while Ivrlweiu, 
Warth and, Beutner,- and Bretlig, I'raenkel and Wilke'* have 
studied the catalytic .acceleration of cyanide formation. I’ol- 
zenius,'' (). Carlson’ and others® have measured tlie rate of ab- 

1. Chum. /Ak. 1(114. 38, .S!I4, llO.I; ahst. J. S. C. 1, Kil l. 33, .S2!». .See 
K. I’raiike, Cliem. IhiK- K.M.’l" 17, ILL .See S. Cl4)e7. tin.I S. Cuimizzaro, 
Conipt. rend. I.S.'il, 32, (.12: .Ann. I.S.ll, 78, 22(1. X. C.aro. 11. .Sehtiek and R. 
Jaeohv, Zts. ang. Cliem. Kill), 23, 211)5. 2117. V. Miiriniiito, lap. [. Clieni. 
Ind. IDLS, 21, .S.SI; ahst. C. .A. KIK). 13, dlid Hnelier, C. .A. lllIT, 11, 1020. 

2. t'lpiani, Claz. cliim. ital. I.sr2, 2, .'15,S 417. 

3. C. Acker, U. .S. 1’. !)11100, and Reissue l.'ililO, K.)l I lliereon; I0I,S,H02. 
1019002, 1072;i7;j, 1I00.SI1-; K. K. 42.50(11), Kill); ahst. J. .S. C. I. 1010, 29, 
.371; 1911, 30, 1)50, 1451; 11112, 31, d.'lt, .'aA; lOLl, 32, 1)41; 1015, 34, 12.50. 

4. G. l.iheri, .Ann. R. Staz. Cliitn. AKrar. Sper. Roma, Kill, (2), 5. 

r>. V. P. 4170.54; ahst. C. A. 1012, 6, I.S,S4; Cliem. Ztg. Rep. 1910, 34, 
032. M. Kclioeld, C. S. K. 12.S7472,>lOLS: ahst. C. A. 11)11)., 13, .307. 

(1. C. .\lorselli, Cliem. Trade J. KllS, $3, 1.S2: ahst. C. A. lOli), 13,-' 
02. For the sirnultaneons production of ealeiiini cyanamide and ICO., see 
H. H.a.slnp, C, S. P. I2SI.30.3, 191,S; ahst. C. A. 11)19, 13, 9.5. Compare 
Aktieholaget Xitrogeninm, .Swiss P. 7<9.32, IDLS; ahst. C. .A. 1919, 13, 90; 
Swed. P. 4.300.S, IlihS; ahst. C, A. 1919, 13, 2.SS. See also E. P. 159,34, 1912; 
F. P, 445.S20, 1912; ahst. J. .S._C. I. 1912, 31, 1179; 1913, 32, !«, For altera¬ 
tion of ''lime nitrogen" on storage, see J. Van ZvI, Zts. ang. Cliem. IDLS, 
31, I, 203; ahst. C. A. 1910, 13, 24.5. G. Cox, C. H, P. I2S23S1, IIIIK; ahst. 
C. A. 1919, 13, 95. H. Freeman, C. .S. P. I2,H240.5, 19IK; ahst, C. A. 1919, 
13, 10.5. H. Eastman, th .S, P. 12X239.5; ahst. C. A. 1919, 13, 100. For 
other similar processes consult; Nitrogen Corporation, E. P. 11797, 101.3, 
Appl. .341.5, 1917; ahst. J. ,S. C. I. 191X, 37, 1.39 A; U. .S. P. 1110.5.59, 1914, 
J. .S. C. r. 1914, 33, 741), 1207. V. Thrane, U. S. P. 127.3090, 1918; D. R. P. 
302.583, 1910; ahst. C. A, 1918, 12, 191.5; J, S, C. 1. 1918, 37, .581-A, 410-A. 
J. Tchcrniac, C. S. P, 781472, 1905; li. P. 17449, 19143, 17970, 1902; F. P. 
3.3(XI08, 190,3; ahst J. H, C. I. 190.5, 24, 197; 1901, 23, 714; 1903, 22, 104.5, 
1087. E. Summers, U. .S. IL 1013400, 10.33)342, 1912; ahst. *. S. C. I. 1912, 
31, 281, 810. H. ,Sul/.er, E. P. 784, 1912; D. R. P, 243797, 1911; ahst. J. vS. 
C. I. PJ12, 31, 817, 38.5. A. Spencer a^fl K. McElroy, U. S. P. 1150108, 
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sorption of calcium carbide in the presence of nitrogen 
•Technical Production of Cyanamides. In additiofi to the 
hVank and Caro method, many modifications have been patented 


1»()7; absl J. S. C. 1. litOX, 27, 22:); l!n2, n’lKi’, 35, 71' i'Wr.'' 34 

'.»24; 11107, 26, 1)24. Johnson, li. 1'. ;i:i21), 11)111; ,S20. IDOI)- iil)s(.’l. S C l’ 
11)02, 21, .'Mri; 11)01, 20, llKl. C. Jacobs, 1'. S. 1’. 711)22,'!, 1110:{; absl 1 ,S 
C. I. 11)02, 22, 207. J. ('.rossinann, t;. 1’. ;!(i, 191):!; K, 1>. ’liili')’ ahst 

J. S. C. I. IDO*'!, 22, 111)4, IKIO. A. (lodwin and 1*. Keil, 1{. P, 24ol) 11)02' 
abst. J. S, C. 1. 1902, 21, 127.S. W. Pdd, p. P. ,'{21225, ll)02' li. P.’2029(i' 
1901: abst. J. S. C. I. 1902. 22, 212. 145. (',. Krlwcin and A. Frank f S p' 
70.s;i22. 1902: abst. J. S. C. 1. 1902, 21, 1222. 1.. Devanccllc and F. llcnsa,' 
Iv. P. 12940, 1915; F. P. 47.S911), 1914; absl J. S. C'. I. 191,S, 37. .VtiF\' 1910 

»ir 1 l/\n /?>,../ 1,' l» l«>0 10ea>4. 1 r> 1. • . • A, 


iU7M. J. I. c K'lmn, I . 1'. NiSoll:, 19()7- 

F. P. 202892, 1900; abst. J ,S. C. 1. 1907, 26, 109; 1900, 25, ,S,S4. K ’ Biirk- 
liei.sor, li. P. 1.5742, 1912; !•'. P. 415.5,50, 1912; al>si. J. ,S. C I 1912 32, 700 
22. J. Bueb. U. .S. P. 10;129.S,S, 1912; abst. J. S. C. 1. 1912, 31, ’772. c! 
Beiiidl, r. S. P. 11I I4.57, 191.5; 1). B. P. 2)0204, 190S; absl. J.’s. C. I. 191.5, 
34, .8;J4; 1909, 28, 1214. 11. Blackineie, F. S. P. .S.S9090. ,S.S9()97, 190,s'; 
absl. J. .S. C. I. 1908, 27, 0.8,5. K. Bosch and A. Mitlascli, F. S. P. ,S790;10, 
1908; 1001725, 1912; F'. P. 270120. 1900; li. P. 12002, 1911; absl. J S C 1. 
1908, 27, 22,5; 1912, 32, 002; 1907, 27, 255; 1912, 31, 421. I. Bucher, First 
Addn., 1914, to F. 1>. 4.59,8.52, 1912; F. S. P. 112,8190, 1915; I01I4970, 1914' 
112(K1.82, 1914; li. P. 22,80, 191.5; F. P. 4.5.5799, 1912: absl, J ,8 C 1 1915 
34, 1055, 001; 1911, 33, 092; 191.5, 34, 170; 1902. 22, 422; 1912, 32, 942 
Buckle, li. P, 0449, 1912; abst. J. ,8. C. I 1912, 31, 15. lirbvein, D. R. 
P. 199972, 191)11; abst. J. S. C. I. 190.8, 27, 981. Badischc .-Vnilin a. Foda 
Fabrik, 1). K. P. 2.59048, 259049, 1912, addns. to I>. K. P. 240.5.54; li. P. 


12002, 1911; absl. ]. ,8. C. I. 1912,32,0.57; 1912.31, 421; li. P. 12.84.5, 14114, 
1912; J. s. C. I. 1912, 32, 20.2; 1914, 33, 920; India P. Appl. 77, 190,8; 272, 
272, 1907. H. Siilzcr, F. P. 42.8905, 1912: 1). R. P. 242797, 1911; abst. 
J. S. C. I. 1912, 31, 5.88, 2.85. H. Bur(.ovin, F. P. 141)221, 1911; abst. J. S. 
C. 1. 1912, 31, 875. A.-(',.-fur StickslolTdiinscr, F. P, 4.51U2.5. 1912; abst. 
J. S. C. I. 1912, 32, 001. N. l.cccsnc, F. P, 1729.59, 1912, First adrln.. Auk. 
20, 1912; abst. J. S. C. I. 1915, 34, .552. Soc. Oencralc dcs Nitrurcs, F'. P. 
4;2918, 1912, First addn. Oct. 27, 1912; li. P. 24721, 1912; abst, J. S. C. I. 
191.5, 34, 780; 1914, 33, 421. J. Roussel, F. P. 478822, 191.5; abst. J. S. C. 
I. 1910, 35, 1229. Lindblad, K. P. 15112, 1917; .-ibst. J. ,8. C. I, 1918, 37, 
01 l-.A. Soc. Gciicralc dcs Nitrurcs, li. P. 101.50, 1910; abst. J. S. C. I. 1917, 
36, p9. C. Thorsscll, li. P. 11485, 191.5; abst. J. ,8. C. 1. 1915, 34, 1207. C. 
Acker, II, ,S. P. 1051203, 191.3; abst. I. ,8. 0. I. 1912, 32, 2.'i4. C. Grecn- 
strect, U. S, li 10.5281.5, 1913; abst. J. ,8. C. I. 1912, 32, 2.89. G. Krlwcin 
and K. Warth. U. ,8. P. 994(H).5, 1911; abst. J. ,8. C. I. 1911, 30, 802. Societe 
des Produits Azotccs, F. E. Addn. 22.30, 1918. Cyanid Gcs., Bcig. P. 104577, 
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from time to time. Tlie Dettifos Power Co. and J. Lidholm* 
treat CaC 2 and N in a rotary tube furnace, the N, supplied under 
pressute, being used as a driving agent for circulating the gas in 
the furnace. \V. .Dreaper- reacts upon i.'aC 2 with N or NlUi, 
the heating being effected by surface combustion, the products 
of coinlnistion not being allowed to come in contact with the 
reaction mixture. T. Fujiyama" in manufacturing nitrogen com¬ 
pounds from carbides without tlie application of external heat, 
causes the union by the ignition of a quantity of carbide in an 
unheated chamber in the presence of air, introducing N when 
tlie temperature has risen sufficiently. 'I'he essence of the inven¬ 
tion of W. Ilevs' is the use of a reactive metal which has a greater 
affinity for C and X than has the alkali metal, barium, lithium, 
calcium, strontium, manganese and aluminium being sjiccified. 
In another method" cyanamides are produced from carbide by 
adding halogen salts to molten carbide as it Hows from the fur¬ 
nace, or by adding the salts directly to the funiace in w'hich the 
carbide is'produced. The methods of B. de Zanardo,® F. Wash- 
1902. K. Catani. Aiist. P. .'KiTIO, 19(H». F. .MacMalioii, HcIk. JV 2.10091), 
191,’i. C. Mc'ver and C. Casinan. Belg. P. 2.1740.1. lol.'i. A. .MacDoiigall, 
Belg. P. 1427r)«, 1X99. .A, Lafond, Belg. P. 240,SOO, 1911. .Socicta t'.eiieralc 
par la Cianamide, Bclg. P. 21194,S, 190,S; 217001, 1909; India P. Ajipl. .172, 
1907: I7:i, 190X; F. P. lOU, 1907; New Zeal. P. 2:i,S.19, 1907. P Wc-ber, 
Bcig. P. 2;i7222, 1911. 

1. E. P. 2.S.124, 1910: abst. C. A. 1914, 8, 2441: J. .S. C. 1. 1914, 33, 
2.10: 191.1, 34, 200; Mon. .S)!, 1917, 84, 0.1; Cheiii. Ztg. 1914. 38, 200; Zts. ang. 
Cln-m. 191.1, 28, I, 20,S. li. P. 2,S029, 1910; abst. J. S. C. 1, 191.1, 34, 200. 
E. P. 0.11.1. 1914; abst, C. A. 191.1, 9, 20.07; J. S. C, I. 191.1, 34, 001. IC. P. 
0.146, 1914; abst. C. A. 191.1, 9, 2007. E. P. 0.117, 1914; abst. C. A. 191,1, 
9, 2007; J. .S, C. 1. 1914. 33, 902. Swed. P. 42411, 1917; abst. C. A. 1917, 
U, 2040. F. P. 401079, 408128, 400470, 409041, 409040, 1914; abst. J. S. 
C. I. 1914, 33, 902; Mon. ,Sci. 1910, 83, 0.0. 1'. .S. P. 1121.0.10, 1911; abst. 
J. S. C. I. 1911, 34, 200. Refer to E. P. 2114, 1.874; 11.000, l,8il9; 9.122, 1901; 
19870, 1900. For "cyanamide hydrolysis," see 1C. P. 1200.04, 1918; abst. 
C. A. 1919, 13, .001. 

2. E. P. 12927, 191.0; abst. C. A. 1914 , 8, 0842; J. S. C. I. 1914, 33, 
788. A. Osterberg and 1C. Kendall, J, Biol. Cliein. 1917, 32, 297; J. S. C. 1. 
1918, 37, 107-A. 

0. E. P. 92,19, 1914; f. .S. P. 11200(K), 1915; ab.st. J. S. C. 1. 1911, 
34, 28.0; Chem. Ztg. Hep, 1910, 40, 11. F. P. 471.077, 1914; abst. J. S. C. I. 

1911, 34, .0.10, 

4. E. P. 21028, 1910; abst. J. S. C. I, 1912, 31, 28; Chein. Ztg. Rep. 

1912, 36, 91. Aktiebolaget Nitrogeniuin, Swks P. 779.02; abst. C. A. 1919, 
13, 90. T. Allen, E. S. P. 1090819, 1914; abst. J. .S. C. I. 1914, 33, .190; C. 
A. 1914, 8, 20.09; Mon. Sei. 1914, 81, 107, 

.1. K. Sehiek, U. vS. P. 1(H)8927; abst. J. S. C. I. 1911, 30, 1,01.0; C, A. 
1912, 6, 196. F. P, 400000; Mon. .Sei. 191.0, 79, 127. K. Schick and Akt. 
Ge.s. fiir StickstolTdiinger, IC. P. 125.1.1, 1911; abst. C. A. 1912, 6 , 0002; J. ,S. 
C. I. 1912, 31, 72. 

0. r. S. P. 1104087; abst, J, ,S. C,,,l. 1910, 35, IKi. F. P. 4.10820; 
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burn,* R. Wallace and K. Wasmer,- c! While/ (1. Scialoja/ J. 
vSlillescn,* J. de Ruitjes," C. McCourt and C. Ellis/ and Meyer 
and J. vStillescn* arc similar.® 

To concentrate cyanamide,"' the calcium,from a solution of 
calcium cyanamide may be precipitated, the resultinji; solution of 
free cyanamide being used as a solvent for d’issolving a further (pian- 
tity of the calcium salt. To prepare CaCN 2 in a granular form" and 


I. un."). 34,2«. 

iDlli. 7, !MI; J. S. C. 1. 31, 

I. 11112. 31, .•«-I. .Swis.s I>. .tT.stO; 


Kep. 


al)st. J. H. C. I. 32, IlOH; C. A. 1!»14, 8, 11)21; Clicm. Ztg. Rep. 11)14, 
38, KB. 

1. I’. S. 1>. 1)1)1)071, I0()4.')01): al)sl. C. A. 11)12. 6, 11)4; J. Soc. Dyers 
Col. 11)11, 27, 200; Mon. Sci, 11)12, 77, 1.70; Chciii. ZtK. Rep. 11)11, 35, 04.'), 

ling. News, 11)1.'), 73, 10; ahst. Met. Cheiu. Eng. 11)1,"), 13, 401). • Trans. 
Amer. lilectrcK’hein. Eoc. 101.'), 27, 48.5. 

2. E. I’. 14041, 11)11; al)st. C. A. 11)14, 7, 222; ]. ,S. C. I. 11)12, 31, 

1041 . 

4. E. P. 171)47, 1014; abst. J. S. C. 

4. Jv. P. 22241, 11)11; abst. C. A. 

775. E. P. 4441).54, 1011; abst. J. S. C. 
abst. Cliem. Ztg. 11)14, 37, 44. 

5. C. S. P. 1)82411; abst. Mon. ,Sei. 11)11, 75, 122; Cliem. Ztg 
11 )11, 35, 180. 

0. Onders. Rvkslantlbounproefslat, 11)14, .\o. 14; abst. J C. S. 11)14, 
108, i, 704; J. S. C. I. 11)15, 34, 1)72. 

7. E. P. 2.5021), 1012; abst. C. A. 11)14, 8, 1408; J. ,S. C. 1. 11)14, 32, 
751: Clicin. Ztg. Rep. 1014, 38, 171. 

8 . C. S. P. 1)82288; abst. Mon. Kci. 11)11. 75, 122. 

1 ) For other process for manufaetnre of evanaini<U's see: E. P. 27rl75, 
1.81)8: abst. Mon. Sei. IDOO, 58, 1.80. E. P. 21811). 21820. 11)00; abst. J. ,S. 
C 1 11)01. 20, 1114, 1141). E. P. 4428, 4421), 11)00; 1.841, 11)08; abst. I. .S. 
C I 1008, 27, 11.52. E. P. 22.8, 2102.A, 11)10; abst. J. S. C. 1. IDl 1. 30, 1.81); 
1012. 31, 28; Client. Ztg. Rep. 1012. 36, 1)1. 

10. H. Immendorff and H. Kapiien. It. P. 1701.8. 11)11; abst. C. A. 
11)14. 7, 401); J. S. C. I. 1012, 31, 4.58. For the It. Merek iirocess for prepar¬ 
ing eyanaininofornne esters by the interaetion of halogenated aniinoforiuie 
esters with eyananiide, see I). R. P. 2171.54, llUl; abst. J. S. C. I. 11)12, 
31, 71K). 

11, F. MaeMahon. E. P. 11412, 11)12; abst. C. A. 1014, 7, 4484; J. S. C. 
I. 11)12, 31, .548. 

In an apparatus for grannlating ealeintn eyananiide (E P, 1.5714, 11)1.1; 
ab.st. J. S. C. I. 11)14, 33, 1)441 a paste of finely ground ealeitiin eyananiide 
anti water is fed through a hopper eontaining a stirring ilevict on to the siir- 
faee of a rotating flniti cylinder, which is hcaletl by nteans of steam to about 
!)5“, A scraper is fitted with teeth, engaging with the groovesof the cylinders, 
removes the material in the form in which it hardens in about half an hour, 
and the hopper is again transferred relatively to the grooves in the cylinder, 
so as to spread the material evenly over its snrfaee. , 

• G. Zarniko (D. R. P. 21)491)4, 11)15; ahst. J. .S. C. I. 1917, 36, 299b 
treats niter lime with water to decoitiiiose carbide and mixed with inoist 
or liquid materials, to prevent dusting, in a long horizontal revolving driini, 
which is provided with cooling means anil separate inlets for mtro liiiie, 
liquids and inert gas, and an outlet for the finished product, which can tie 
closed by means of a cap or valve, or may be eonneeted with a spiral conveyer 
which can be%iade to rotate in the same, or in an opposite direction to that 
p/ the drum so as to hold back the material. Baffle plates fitted inside the 
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at the same time freed from dust, lime ancf carbide, F. MacMahen 
mixes ccmmercial cyanamide with sufficient W'atcr to form a 
crumbling mass which is granulated and rapidly dried.' For the 
detennination of N in CaCN-> see B. Turkus.- F. Ashcroft’ has 
patented a method for dicyandiamidc manufacture, while the 
Chemisehe habrik von Ilcydcn* has disclosed a process for di¬ 
alkali cy.anamide formation. f,ead cyanamide has been described 

drum promote the movement of ttii’ mass in either direction. The drum 
is surrounded 1)V a ooolini; jacket. 

K. SteimmiK (D. k. I'. :;(i;!07it. Ihl.a: abst. J. .S. C. I. 191,H. 37. .•fd.vA) 
improves tlie physical character of crude raleium eyauamide by mixing with 
a dry. hydrated, ueutr.al salt, such as sodium sulfate, free from ell orinc, 
or with an anydrous salt, and subse(|uently with a (|uantity of Water suflieicnt 
to hydrate the salt, the mixture then beiiiK .stirred until a uoii-dusty, friable, 
crystalline meal is obtained. - 

M. Mueller (1). K. P. gll217;!. 1912: abst. J. .S. C. I. 191;!, 32, 92(1) con¬ 
verts crude ealeium cyaiiamiile into a fertilizer which is not dusty anil but 
feebly caustic, by means of sullite cellnlose waste lyes. The nitro-lime is 
mixed with the |iowilered evaporation residue of sulfate cellulose waste lyes 
containing about 12', ot water; or completely ilried evaporation resitlue may 
be used and the mixture then exposeil to the air or treated in another suitable 
way until it has absorbed snllicient water to form a inoduct free from 
carbiile and howing no tendenev to proiluee dust, (t'omparc A. Zamore 
and O. Carlson, V. S. P. l(U27l(i. 1912; abst. J. .S. C. 1. 1912, 31, 112.').) 

The Nitrogen Products and Carbide Companv ([ap. P. :i22.St), 19I.H; 
abst. C. A. I9I.S. 12, 2 Ili.‘^) treat calcium cyanamide with a small amount 
of water at a temi)eratnre anove (it)'’, the reaction proceeding smoothly, 
without loss of ammonia; the resulting |>oW(ler is then treated with 12'i'. 
water and jiassid through lollers to obtain the granular produs't. 

In the hydrating of commercial ealeium cyanamide accoriliug to the 
methoil of 11. Cooper fl'. S. P. 11.'),')7!)7, Itil.'i; abst. J. S. C. I. 191.'), 34, ll.')7) 
the crude material containing calcium cyanamide, oxide, and carbide, is well 
stirred with water or with water and oil sulTicieiit in amount to hydrate the 
o.xiile and to decoin)iose the carbide, the temperature being kept low to 
prevent the escajie of ammonia. 'The oil servi-s to bind the i>articlcs of the 
fertilizer and does not interfen-, so it is said, with the hydration. 

W. .Snelling, f. S. P. 12S.').S24’. 191,S; abst. C. A. 1919, 13, 2.'>1. O. 
Galhardcr and K. Prvtz, Norw. P. 2,S2I0. 1917; abst. 1919, 13, 2.n2. Tiuiolc, 
]•, P. 121(;;C), 1919; abst. J. S. C. 1, 1919, 38, .'llt-A. 

1. The tem|)erature must not be allowed to rise during the mixing 
with water. Granulation may be elTected by forcing the mass through a 
sieve. Similar are the i)roeesses of G. Sinclair, U, S. 1’. 1278044, 1918; K. P. 
1.57i;j, I9i;i; lO.am.S, Utitl; 9821. 1914; P. P. 474.8,82, I9U; Can. P. 18(>l,n,"), 
191.8; abst. J. .8. C. I. 1914, 33, b.Tl; 191,'i, 34, 910, lO.').'); 1917, 36, 007; 1918, 
37, 710-A; C. A. 191,8, 12, HGI, 22,80. Australia P. .810.'), 1917. 

2. Anil, chilli, anal. 1918, 23, 8 ; abst. C, A. 191,8, 12, 002. 

8 . K. P. I()7().'|, 1910; 2.'ir)06, Kill; abst. C. A. 1918, 7, l.'iOO; J, S. C. 
r. 1911, 30, 1211; 1918, 32, 29; Chem. Ztg. Kep. 1918, 37, 290. India P. 
88.54, 1918. Can. P. 190490, 1920. li. P. 1002, 1912; abst, C. A. 1913, 
7, 2288; J. S. C. I. 1918, 32, 2.82. I'. P. 10420, 1914; abst. J. S. C. I. 1915, 34, 
716. L. Radllierger, Moiiatsh. 190.8, 29, 987; abst. Chem. Zentr. 1908, II, 
2001; Stiida, Zts. physiol, chem. 1907, 50, 174; abst, Chem. Zentr. 1907, 
I. 677. 

4. K. P. .5051, 1918; abst. C, A. 1914, 8, 407; J. S. C. I. 1913, 32, 924; 
Chem. Ztg. Rep. 1918, 37, 000. 
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by F. Bayer & Co.^ For the continuous manufacture of calcium 
cyaaamide, the method of C. Tofani^ has received parent pro¬ 
tection. The processes of E. and G. Polacci,* and C. Bredig and 
W. Frankel,^ offer nothing new. C. ManuelJi® has determined 
the solubility of CaCN 2 in water. 

In addition to the methods for cyanide fonnation previously 
described, may be mentioned the processes of T. Will- 
son,® A. Schweitzer and A. Hauff,’ P. and E. .Starke,* E. Devau- 
cellc,® and the Cyanid Gesellschaft.'® The latter produce nitrogen 
compounds from carbides" by introducing the N to be absorbed 
by the carbide in a direction opposite to that in which the reaction 
proceeds, thereby preventing the formation of molten layers of 
carbide. G. Erlwein"' has reviewed in detail the various methods 


1 K P. 2110, 1012; abst. C. A. 101.2, 7, Ot.W; J, S. C. I. 1013, 32, 
‘>34 k P. 2311, 1012; abst. C. A. 1013, 7, 24.->3; J. S. C. I. 1912, 31, 000. 

P. P. 442004, 1012; abst. J. .S. C. I. 1012, 31, 001. 

2 I). R. P. 240077; abst. J. ,S. C. I. 1012, 31, 587; C. A. 1912, 6, 2.365; 

Chcin Zentr. 1012, 83, I, 1046; Cliem. Ztg. Rep. 1012, 38, 292; Wag. Jahr. 

1012, 58, 1, 4,50; Zts. ang. Chem. 1012, 25, 1140, 

3 P P. 301603; abst. I. S. C. 1. 190S. 27, 1167; Moii. Sci. 1000, 71, 
13l;C'liem. Ztg. Rep. 1008, 32, 002. 

4 ndg P 202705, F. P. 3,82188; abst. J. ,S. C. 1. 1908, 27, 225; 
Mou. Sci. 1009, 71, 102; Chem. Ztg. Rep. 1008, 32, 108 ^ ^ 

5. Ami. Chim. Appl. 1914, 1, 3.88, 412; abst. J. S. C. I. 1914, 33, 690. 

0, "Nitrogen Compounds,” 11. S. P. 7413!)0. It. P. 2l(.>i, 1^5. 
abst. Zts. lilektrochem. 1003-1001, 10, 274. It. P. 21907, 1895; abst. Zts. 
Jvicktrochem. 1903-1004, 10, 275. ^ 

7. K. P. 3410, 1912; abst. C. A. 1913, 7, 251 /. 

8. V. S. P. 12001.55; abst. J. S. C. 1. 1017 38, SI. , 

9. P. S. P. 1237485; abst. C. A. 1017, 11, 3101; J. .8. C. I- 
1093. K. P. 2116, 1011; K. P. 429140; abst. J. 8. C. 1. 1011, '^lE 

31 231 ■ C. A. 1912, 6, 1992. F. P. 473919; abst. J. S. C. I. 19lb, 35, 1 199- 
’ 10.' D. li. P. 228925, 1907; abst. Mon. Sci. 1914, 81, 80; Chem. Zentr. 
.1911, S2, I. 49; Chem. Ztg. Rep. 1010, 34, <' 32 ^ Chem. Zts. 1011, M, No. 
2238; Wag. Jahr. 1010, X, I, 617; Zts. ang. Chem. 1010, 23, 87. Addn.^ 
to 1). R. P. 2278.54; abst. C. A. 1911, 5, 2100; Mon. Sci. lOlo, 82, 53; Chem. 
Zentr. 1910, 81, It, 1.577; Chem. Ztg. Rep. 1010. 34, 

9, No. 2124; Jahr. Chem. 1910, 63, I, .551 ; Wag, Jahr. 1010, M, I, 51^ ZU. 
ang. Chem. 1910, 23, 2338. D. R. P. 2033(W; absC J ^ C. I. 10^. 
1201; Mon. .Sci. 1011, 75, 161; Chem. Zentr. 1008, 

Rep. 1008, 32, 609; Chem. Zts. 10(W, 8, No. 1108; ‘®- 

I, 2059; Wag. Jahr. 1908, 54, I, 467; Zts. ang. Chem. lomi, M, 270. F. P- 
382743, first addtl. dated Oct. 11, 1007; second addn, dated Oct. 1-, 1907. 
Mon. Sci. 1000, 71, 103; Chem. Ztg. Rep. BIOS 32 120 46. F. P-32^31 
1002; abst. J. S. C. I. loao, 22, 1PJ4. U. P. 162tW, F 

lOOli, 22, .554; Chem. Ztg. 1003, 27, 1180. J. S. C, I. 1908, 27, -81. Zts. 

ang. Chem. 1902, IS, .520. ro 7 —*- 101(1 

11. D. R. P. 227854; abst. Mon, Sei. 1915, 82, o3; Chem. Zentr. 19W, 

81, II. 1577; Chem. Ztg. Rep. 1010, 34, *’ 

Jahr. Chem. 1910, 63, I, 551; Wag. Jahr. 1910, 56, I, olb; Zts. ang. Chem. 

*^**i2^’lts.%:icktrochem. 1906, 12, 551; abst. Jahr. Chem. 1905-1908, 
I, 2432. 
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for nitride fonnation, and lias analyzed them critically. 

•I 

'I'Jie next step after cyananiide formation is transfornialion 
into ammonia, which in turn is readily oxidized to nitric acid by 
the methods previously described. 'Hie usual method' is to heat 
calcium cyananiide, or nitrogen eompounds prepared from it, 
such as evanamide or dicyanodiamide, with water and an alkaline 
hydrate or carbonate. The calcium cyananiide may be heated 
with the alkali solution, or treated with carbon dioxide and then 
lixiviated, or may be lixiviated and the solution treated with COj 
to obtain evanamide or dicyanodiamide.- The processes of P. 
Weber," K. Naef,^ W. Phillips and J. Bulteel, ' J. Bucher,® B. Han¬ 
sen,’ C. Tliorssell," N. Tommasi,'* and II. Mehner."’being modifi¬ 
cations of this general method of ammonia formation. 

If the formation of calcium nitrate is desired, the methods 
of A. SchliKsing," E. Collett and M. Kekardt,'" and II. Ditz, and 

I B. F. LSL'07, mil; ahst. j. .S, C. I. Illl I. 30, 12.'i2; C, .‘\. IlH.’!, 7, 404. 

2. W.Hak- ami F, Vibraiis, J. C. .S. IIIIX, 40, 1040; ahst, J. S. C. I. 
lOl.H. 37, .522-A. 

;i. K. I‘. 44.‘>.‘>00; ahst. J, S. C. I, 101.4, 32, 24. 

4. H. I'. 11412, 1012; ahst. C. 1014, 7, lOaO; J. ,S. C. I, 1014, 32, 
121; Chcin. /tx Rt-p. 1014, 37, 0.41. 

.'). fi, R 24040, 1010; ahst. C. .4. 1012, 6, l.tOl; J. S. C. I. 1011, 30, 
12.42; Chem. Ztg. Rep. 1012, 3S, 170. 

0. K. I>. 24202, 1014; ahst. J. S, C. I. 1010, 35, 40. 

7, f. ,S. P. 120.4010; ahst. J. S.,C I. 1017, 38, 21, 

■S. It. P. 114X4, 101,4; ahst. J. S. C. I. 1014, 34, 1207. '•Procliu'tioii of 
amnioiiia by Iicating barium cyanide with water iii aii autoclave,” It, P. 
114.S0, 1014; ahst. J. S. C. I. 1010, 35, 004. 

0. F. P. 470204. 1014; ahst. J. .S. C. I. 1010, 35, 40; U. S. P. 12.40.414. 
1017; ahst. J. S. C. I. 1017, 38, X72. .See also Cie. pour la Fabrication des 
Comptcurs et Material d'Psines a Gaz. I*. P. 407104; ahst. J. .S, C. I. 1010, 
29, 40.4; Mon. .Sci. 1010, 73, 174. .Akt. Gcs. f. .StickstolTdiiiiKcr, Fk P. 2407, 
1007. F. P. 47.4070; ahst. J. S. C, I, 1007, 28, 02.4; Mon. Sci, lOOX, 89, XO. 
'F. P. 4.4(M.44; ahst. Chem. Zti;. 1014, 37, 244. V. S. P. 02200.4. D. R. P. 
104.420. 1001; ahst. Zts. aiiK. Chem. 1004, 18, 1000; .Mon. Sci. 1000, 85, 140; 
1014, 82, 14; Chem. Centr. 1004, 78, 11, 10.40; Chem. ZtR. 1004, 29, 10X0; 
Chem. Zts. 1000, 5, 4X; Jahr. Chem. lOlkV lOOX, !, 2444, 2444; Wag. Jahr. 
1004, 51, I, 4.S0; Zts, ang. Chem. 1004, 18, 1000. 

10. I!. P. 2X007, 1004; ahst. J. S. C. 1. 1004, 2«, 142. 

11. t:. S, P. 11774.40; ahst. C. A. 1010, 10, 1.4X2; J. S. C. 1. 1010. 35, 
.440. .See also C, A, 101.4, 9, XIO. For methods of pulverizing calcium 
nitrate without the formation of ilust, see F. P. 400004, 1014; ahst. J. S. C. 
I. 1014, 33, X0.4. It. P. 40X, 1014; ahst, J. ,S. C, 1. 1014, 33, 11,44. Swiss 
P. 77470, 10IX; ah.st. C, A. lOIX, 12, 2114. 

12. It. P. 10X14, 1010; ahst. J. S. C. I. 1010, 29, 1010. A. .Sachse and 
R, Collett, Australia P. 11140, 1014. J. I.idholm, Can. P. 171007, 1016; 
ahst. C. A. lOIX, 12, 747. It. Ashcroft, U. S. P. 1041.406, 116440X; R. P. 
1070.4, 1010; 214.4, 1911; 21.4.40. 21.400, 1014; F. P. 4218.41, 1910; ahst. J. .S, 
g. I. JOU, 30, 422, 1211; 1012, 31, 1079; 1010, 35. 48, 
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F. Kanhauser arc applicable' in especial instances. 

•Besides its value as a fertilizer and the source of ammonia 
it IS used in the production of cyanides, guanidine, thiourea and 
veronal. By the interaction of cyanamide and nitric acid in con¬ 
centrated solution below 20°, urea nitrate is precipitated almost 
quantitatively 



Rlektnzitalswcrk- I.otiza, IC. P. Apiil. 18;ia), lltlii; ahst T S c’ I ’I'ilT 
36, 2-A. A. (iovari. R. P. 2I.W0, Pill; ahst. J. S. C I PI1‘) 31 ,SI > C 
Grubc- and J. Krueger. D. R. P. 27<li;i:!, P.IPR ahst. ] S C I Pllf. 34’ ■>!() 
R. Washburn, I’. S. P. lO.A'trUI, PIPi; ahst T S. C. I. PiPi 32 :i7rr P ’s“ p 
I0()(I70.'|, Pill; ab.st. J. S. C. I. Pill, 30, 11.71. O. Carlsoii, .Swed. ’l'. 4424.3 
PUS; abst. C. A. PUS, 12, 2007. f. ,S. P. I(M2740; abst J S C I Pll‘>’ 

^ ^ '• * 2 , 142 . a. Honn'ingtcm 



■Sholly, P. S. P. 1042141, PII2; abst. J. S. C. I. PII2, 31, lt)7S. 11. tninien 
dorf and H. Kappen, D. R. P. 2r)0.'>24, PIIO; addji. In D. R. P. 2.74474; abst 
J. ,S. C. I. P.IP'i, 32, 430; 1), R, P. 2;7770!l, 237S27, Pill; abst. TSOI 
PiPi, 32, 4.S0; D. R. P. 2.77042, PIIO; abst, J. .S. C. I, PIPl, 32, ,7'>0. K. P 
4;t;M37; abst. J. .S. C. 1. PII2, 31, 2.77; R. P. 437.723. PIPl; abst. J. S. C. I. 
PiPi, 32, Pi'll. See also J. S. C. 1. 1012, 31, 237; PIPl. 32, 4.70; Pll I, 33, 
7.7, 740; li. P. 2347.7, ISOS; 17,707, 1002; J. S. C. 1. 1002, 21, 1402. 

2. (Jest. Ver. f. Clieni. u. inetall. Prodiiktion, D. R. P. 2,S32.70, 1914; 
abst. J. S. C. I. 101.7, 34, 1100. 

lA)r additional information on this topic refer to: T,. Abbott, P. S P. 
PiimSS, PIPI; Abst, C. A. 1010, 13, 2202. R.AdamsandC. Beebe, J. A.; 
C. S, 1010, 38, 270S; abst. J. S. C 1 1017, 36, 100, Aktiebolaget, Swed. 
• 1^43810, PUS; abst. C. A. PUS, 12, 2000. H. Albrand, Rev. prod, ehiin. PIIO, 
22, 307; abst. C, A. PIPI. 13,2721. A. .MImand and R. Williams, J. S. C. I. 
1010, 38, 304-R. Aniionr Rertilizer Works, R. P. 122,820, lOPI; abst. C. A.’ 
PIPI, 13, 12S.7. R. Becket, P. S. P. 12023.S7; abst. C. A. PIPI, 13, 03.7. A. 
Berkaut, R. Hendricks?, and (5. Wind, \ ersl. Randboiiwk. Onderz. Riikland- 
bouwprocfst.st. 1017, No. 20, 43; abst. Bull. Agric. Intell. PI17, 8 , 1103; 
J. S. C. 1. 1017, 36, 1281. C. Bierbauer and I,. Rinch, P. S, P, 120.7202; 
ab.st. C. A. PIPI, 13, 1247. P. Bolin, Maddelandc No. 70 fran centralan- 
staltcn f. jordbruksforsok, 1013, 1; Hied. Zentr. 1014, 43, 100; abst. J. S. 
C. I. 1014, 33, 1210. M. Bourgerel, Mon. Sci. 1011, 74, .700; ab.st. C. A. 
1012, 6, 1000; J. S. C. 1. loll, 30, 1158. A. Burgess and I). Rdwards-Kcr 
J.*S. R. Agric. Coll., Wye, Kent, No. 22, 303; Bull. .Agric. Intell. 101.7, 6 , 
075; abst. J. S. C. 1. 101,7, 34, 844. M. Barnett and R. Burgess, P. S. P. 
1222593, Australia P. 0032, 1017. N. Busvold, Zts. anorg. Chein. 1010, 
98, 202; J. C, S. 1017, 112, ii, 207; J. .S. C. I. 1017, 36, 041. Calvert, R. P. 
10012, 1914; Appl. 1248, 1918; abst. J. S. C. 1. 1010, 37, 78-A. O. Carlson, 
R. P. 123790, 1910; abst. J. S. C. I. lOlO, 38, 20.7-A, 253-A; C. A. 1919, IS, 
1.704. F. P. 4«J5.742. 4,8,7720, 1918; abst. C. A. 1910, 13, 1797. Cl, Carlson, 
Baltisclicr Ing.-Kongress, July, 1914; ab.st. Zts. ang. Chem. 1914, 27, III, 
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2CNNH2 + 2H2O + 2 HNO, - 2C0(NH2)2,HN03. 

Other Processes for the Catalytic Production of Ammonia. 

In addition to the Haber, Badische and Ostwald processes al- 

» * 

724; abst. J. S. C. I. 1915, 34, 351. Cie pour la Fabrication des Compteurs 
et Materiels d’Usines a Ga.-’, F. P. 4071(11. K. Cooper, II. S. P. 11,W797, 
1915; absf. J. S. C. I. 1915, 34, 1157. G. Cowie, J. Agric. Sci. 1919, 9, 113; 
abst. C. A. 1919, 13, 2951. G. Cox, U. .S. P. 1258747, 1918; 1292715, 1918; 
1317756, 1919; abst. J. S. C. I. 1918, 37, 315-A; 1919, 38, 333-A, 940-A. 
C. A. 1919, 13, 935. N. Commati, F. P. 483344, 1916. II. Creighton, J. 
Frank. Inst. 1919, 187, ,599; abst, C. A. 1919, 13, 1372. See also C. A. 1919, 
13, 1130. F. Dafert and R. Miklanz, Monatsh. Chem. 1912, 33, 911; abst. 
J. S. C. I. 1912, 31, 814. E. Dinslage, Chem. Ztg. 1911,35, 1045; abst; 
J. S. C. I. 1911, 30, 122.5. M. Dolch, Ocsterr. Chem. Ztg. 1917, (2), 20, .59. 
abst. Chem. Zcntr. 1919, 80, II, 54. E. Donard and H. I.abbe, D. R. P. 
144217, 1902; abst. Chem. Centr. 1903, 74, II, 7.52. U. S. P. 744510 E. P; 
28543, 1902; Aust. P. 27293. J. Ellx^rt, U. .S, P. I313.S.S4, 1313885, 1313886, 
1919; abst. J, S. C. I. 1919, 38, 76,5-A; C. A. 1919, 13, 2743, 2744. Elek- 
trizitiitswerk Lonza, IC. P. 127.8.52, 1917; abst. C. A. 1919, 13, 2426. G. 
Erlwein, Fifth Inter. Cong. Appl. Chem.; abst. Ztg. ang. Chem. 1903,16, 
533. T. Ewan and T, Napier, J. S. C. 1. 1913, 32, 467. L. Moiid, J. S. 

C. I. 1889, 8, 505. W. Hempel, Ber. 1890, 23, 3388. J. Readman, E. P. 

6621, 1894. A. Frank and N. Caro, E. P. 25475, 1898. A. h'rank, Australia 
P. 10462, 1907. O. Kuehling, Ber. 1907, 40, 310. O. Kuehling and O. 
Berkhold, Ber. 1908, 41, 28. F. Feigl, Chem. Ztg. 1914, 38, 1265; abst. 
J. S. C. I. 191.5, 34, 13.5. H. von Feilitzen, Chem. Ztg. 1907, 31, 3.85; 1908, 
32,542;abst. J.S.C.1.1907,26,478;1908, 27, 696. F. Fichterand G. Oestcr- 
held, Zts. Elektroehem. 191.5, 21, .50; abst. J. C. S. 191.5, 108, ii. 168; J. S. 
C. I. 1915, 34, ,548. L. Finch, U. S. P. 129.5203, 1312842; abst. C. A. 1919, 
13, 1248, 2577; J, S. C. I. 1919, 38, 7'19-A. W. Fraenkel, Zts. Elektroehem. 
1913,19, 362; abst. J. ,S. C. I. 1913, 32, 485. \V. Fraenkel and P. Askenasy, 
Chem. Ztg. 1913, 37, 334; alxst. J. S C, I. 1913, 32, 361. A. Frank, Zts. 

ang. Chem. 190.8, 16, ,536; abst. J. S. C. I. 1903, 22, .809. Faraday Soc., 

June9,1908 (Advance proof); abst. J. S.C. 1.1908, 27, 696. E. Franke, Chem. 
News, 1913, 292. J. I. E. C. 1914, 6 , 415. J. Frere, Rev. Prod. Chim. 
1918, 21, 1001; abst. Chem. Zentr. 1919, 90, I, 22.5; C. A. 1918, 12, 2105. 
F. Freeth and H. Cocksedge, li. P. 12401, 1913; abst. C. A. 1919, 13, 1624. 
F. Freeth, E. P. 1645.5, 1910; abst. C, A. 1911. 5, 3613. H..Gcrdes, 1). R. P. 
312493, 1917; abst. J. S. C. I. 1919, 38, 7a3-A. W. Giddon, E. P. 6048, 
1915; abst. C. A. 1919, 13, 1624. See also E. P. 11731, 1888. See .also 
E. P. 11731, 1888. W. Grahmann, Zts. Elektroehem. 191.8, 24, 385; abst. 
J. S. C. I. 1919, 38, 172-A; C. A. 1919, 38, 328.5, R. Grcnlich and H. Lick- 
fett, U. S. P. 1268240, 1918; F. P. 463232, 1913; abst. J. S. C. I. 1914, 33, 
421; 1918, 37, 507-A. F. Gros and Bouchardy, E. P. 123700t 132622; abst. 
C. A. 1919, 13, 1.563; J. S. C. I. 1919, 38, 818-A. G. Grnbe and J. Krueger, 
Zts. ang. Chem. 1914, 27, 326; abst. J. S. C. I. 1914, 33, 090. G. Grube 
and P. Nitsche, Zts. Chem. 1914, 27, ,368; abst. J. S. C. I. 1914, 33, 
749. E. Gui, U. S. P. 1164087, 1915; F. P. 456820, 1913; abst. J. S. C. I. 
1913, 32, 1108; 1916, 35, 116. Guntz, Compt. rend. 1902, 135, 738; abst. 
J. S. C. I. 1902, 21, 1476. M. Haarsma, Chem. Weekblad, 1919, 16, 270; 
abst. C. A. 1919, 13, 1372. Cf. C. A. 1917, 11, 1020, 1.524. C. Hager 
and J. Kent, Zts. ang. Chem. 1916, 29, 221, 3(19. W. Hale and F. V'ibrans, 
J. A. C. S. 1918, 40, 1046; abst. C. A. 1918, 12, 1779. R. Hara and R. Hayashi, 
J. Chem. Ind. Tokio, 1919, 22, 175; abst. C. A. 1919, 13, 1903. E. Hfene 
and A. van Haaren, Zts. ang. Chem. 1918, 31, I, 129; abst. C. A. 1918, 12, 
2296. C. Hidden, U. S. P. 1312116, 1919; abst. C. A. 1919, 13, 2576; J. S. 
C. I. 1919, 38, 681-A. A. Hitch, J. A. C. S. 1918, 40, 1195; abst. C. A. 1918, 
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ready described, are a number of other ideas, more or less ingen¬ 
uous, which as yet have not fully developed from the experimental 

12, 1951. H. Iminendorff and II. Kappen, D. R. P, 2.51471, 25(5.524, 257(542, 
1910; abst, C. A, 1919, 13, 450, 550, F, P, miru : ahst, J, .S, C, I, 1912, 
31, 257; 1913, 32, 4.50, T. Ishiwara, ,Sci, Rcpts, Toltoku Imp. I’niv. 191(5, 
5 5;4- abst. J. vS. C. I. 191(5, 35, «4.S. li. Wedekind and T. Veit, 15er. 1911, 
44 2(56:1. C. Jacobs, U. S. P. 13112:11, 13112:i2,'1919; abst. J. ,S. C. I. 1919, 
38 (iSl-A. G. Rolx-rts, F, S. P. i:i080H(); abst. C. A, 1919, 13, 2262. H. 
i-; .rr.on, 7tn (9(1 35. 9.5(l'abst 1 S C 1. 191 1. 30. 1 129 Zts atie. 


j. S. C. 1. 1915, 34, 9(51, M, l.elllanc and .\1. I'isehmaim, Zts. Klektroeliem. 
lilil 17, 20; abst. J. S. C. 1. 1911, 30, Ki. H. beCliatelier and H, llogiteh, 
Com’pt. rend. 1915, 161, 475; abst. J. ,S. C. I. 1915, 34, 1141. H. bidholni, 
i; ,S P 1191S04, 1916; abst. J. S. C. 1. 1916, 35, 7.3,S. J. bidliolm and Detti- 
foss Powder Co., Ltd., F. P. 46901.5, 46901(5, 1914; abst. J. S. C. I. 1914, 33, 
9(52. F. Lie, Nor. P. 29279. 191,S; abst. C. A. 1919, 13, 17411. P. Liechti 
and li. Truninger, Chem. Ztg. 1916, 40, .365; abst. J. S. C. I. 191(i, 35, 647. 
See I. S. C. I. 1911, 30, 23. A. Lindblad, C. S. P. 1293.3(53. 13115(53, 1919; 
ii. P 119243. 122523, 1913; abst. J. S, C. 1. 1919, 38, 175 A, Ilf, (131, (i.S2-A; 
C. A. 1919, 13, 2439. O. Loew, Cliem. Ztg. 19113, 32, 676; abst. J. S. C. 1. 
PIOS 27, .321 li. l.olniis, Zts. Galirungsplivsiol. 1914, 5, 16; Bull. Agric. 
liiteli. 191.5, 6 , 673; abst. J. S. C. I. 191.5, 34, 34 1. F. Lolmis and R. Moll, 
Zentr. Bakter, u. Parasitek. 1903, 22, II, 2.54; tibst. J. .S. C. 1. I9IM), M, 
153. Mae.Mahon, F. P. 45(5765, C. Mtimielli. Met. et Cltemica, 40, No. 
1; abst. Mon. Se-i. 1913, 85, 129. Ann. Cliiin. Apiil. 1914, 1, 333, 412; abst. 

T S C I 191 1 33, 690. C. Matignon. Hull. Soe. Cliiin, 1903, 3, 3.55; abst, 

J ,s'. C. 1. 19(13, 27, 3.34. Cliem. Ztg.’ 1914, 38, .394; abst, J. S. C. 1. 191-1, 
33, ,329. Tech. Moderne, 1914, 31. L. Mau,ge, I’Ind. elumupie, 1913, 5, 
236; abst. C. A. 1919, 13, 2975. L. Ma.sted. J. ,3. C. I. 1913. 37, 11);>-R. 

Mellersh-Jaeksou, li. P. 12,3,507, 1919; abst. J. S. C l. P'lO. 3*. ,V 

Metzger, L'. S. P. 1313313, 1919; abst. C. A. 1919. 13, 2, l.a; J- 
38, 7(i5-A. W. Middleton, F. .S, P. 131,567.3; tibsl. C. A. P.U.l, “, _-,31/, 

• JSC I 38, SIS-A. W. Moltk'iihaiuT and K. Or(K-))c. Zts. anj;. Llu-m. 

li)U, 27,':m; iUst. J. S. C. I. HU l. 33, 7tS. A. [wlv 

35, 601; abst. J. S. C. I. 1911, 30, ,321. .See J. 3. C, I 190,., 24, 1129, 9(K, 

28, 1097; 1910, 29, 1171, 121,3. G. Morrell a.nl P. 1 urgiai. I roc. Clunr 

.Sti. 1913, 29, 300; abst. J. .S. C, I. 191.3, 32 1155. G. j^ 

J. 1913, 63, 1,32; ahst. C. A. 1919, 13, 62. \. 

Lincei, Roma. 190.3, 17, 11, 3.34; Chem. Zentr. 1903, 79, 1'. ' 

190,3, 27, 1215. (X Ncuss ami H. Sleigler. I). R. K ’ .nV!’. 

J. S C. I 1919, 38, 293-A. Nitrogen Produets Co.. 1>. R. I. -7*,! 1 

abst. Chem. /.entr. 1915, 86 , II, 44,3. Nitrogen Vj"'.M'Lrisk 

Jap. P. ,322.30, 1913; abst. C. A. 

Rvaelstofaktieselskab, Fi. P. 120034, 1200.hi. '7,‘’,’u ii!.„,V,',i;tion D R 

38, 20.5, 272, 322-A. (lest. Vcrein fiir Chetn. inulMetttll ’ 

P,28.5259, 1914;abst. J. S C. I. 1915,34 1160 , . ’ 

J. Wtish. Acad. .Sci, 1919, 9, 23; abst. J, b. C I. 1919, *?>,''f'-*’i’ 
13,W191. J. Reid, U. S. P. 1297246, J. b. C. F IIU A. 

0. Ruff, Zts. Hlektrochem. 1913, 24, 15,; abst. C. A- F' 3, 12, -.3,, J. b. C^ 
I. 1918, 37, .917-A. Schmoeger “ltd Lucks, MtUeil. c r J Von 

Gcs. 1917, No. 10,1.50; abst. Bull. Agnc. liitell. 191,. 8,34-, J. b. C. I. 9 , 
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to the manufacturing stage on a sound economic footing, t)ut which 
merit attention. 

A*. Classen' subjects nitrogen and hydrogen to the simul¬ 
taneous actiiHi of silent and spark electri^ discharges in presence 
of catalysts, c. g., metals and metallic alloys, supported f)n car¬ 
riers of’ an acidic nature. Silica, prepared from water-glass, is 
well suited for this purpose, as it readily absorbs colloidal metals 
such as gold, platinum, metals of the platinum and iron groups, 
as well as their alloys. The efficiency of the catalyst is improved 
by the presence of a prcjtectic e colloid, e. g., gelatose. The mi.\ed 
gases are passed (jver the catalyst between two electrodes, one 
being a good conductor, like copper, and the other a bad con¬ 
ductor, like glass or porcelain. The latter may be immersed in 
cold water and may concentrically surround the former, the coti- 
tact material being in the intervening space. The temperature 
may range from 2.')° to 911°, according to the conditions, and the 
pressure may be normal or increased. 

The Berlin Anhaltische Maschinenbau Akt." combine for the 
proriuction of nitrogen o.xides from ammonia b\' catalysts, con¬ 
duits for the ammonia gas and the air, which are connected with 
each other in a li.xed way, allowing the gases to be continually 

36, 10.i.S. G. Sincl.iir, I', P. I.■|7I.•!. 11)11; 10.',57.H, P.UU; alisl. 

J. .S. C. I. 11)14, 33, D.Ti; llll.'), 34, 'lUi; 11)17, 36, )'|(17. R. .Slade and ('.. 

HiKSOti, Report Brit, Assoc. IDl.'i, 451; abst. J. .S. C. I. 11)U, 33, (il2. P. 

Snyder, t.’. .S, P, BiD.MI t, 11)11); abst. C. A. P.)ll), 13, 211.4; J. .S. C. I. lull), 
38, o7tbA. Cyanid Ctesellscliaft, P. P. .42.S0.4I. t^. Spielinann and H, \V<»ofl, 

J. S. C. I. 11)11), 38, 14; abst. C. A. 11)11), 13, 1001). P. Starke, V. .S. P. 

1.400802, loll); abst. J. .S. C. I. 11)10, 38, ,570-A. Can. P, 11)0747. 10111; 

abst. C. A, 11)19, 13, 1741). A. .Stut*er, Chein, 7Ak. IDM, 38, .407; abst. J. S. 

C. I. 1014, 33, 000. Zts. ansj. Chem. 1010. 29, 417; abst. J S. C. I. 1017, * 
36, 0,'). Iv. Tauber, Chem. bid. 1004, 26, 20; abst. J. .S. C. I. 1004, 22, 14.4. 

S. Tucker, J. .S, C. 1. 101.4. 32, 1144; abst. J. S. C. I. 1014, 32, 114,4. J. 
Turner. J. S. C. I. 101.4, 43, .48,4. B. Tnrkus, I'lin. de Chiinie .tnalytiiine, 
1018, 4. C. I'lpiano, Gaz. chitn. ital. 1008, 38, II, 4.48; abst. J. S. C. I. 1008, 
27, 1107. Verein Chemischer Pabriken .Mannlieiin, D. K. lb .411707, 1014; 
abst. J. S. C. I. 1010, 38, .4.4.)-.\. P. Washburn, Mon. Sci. 1018, 85, .84; 
abst. Chem. News, 1017, 92. V. Weaver, LI. ,S, P. 100.4740; abst. J. S. C. I. 
1014, 33, .404. P. Werner, J. C. ,8. 1010, 109, 142.4; abst. J, S. C. 1. 1017, 
36, 102. 1C. Wiedemann, I). R. 1>. .4110.40, 101.4; abst. J. ,S. C. 1. lOlO, 38, 

080-A. J. WoliT, Zts. anorg. Chem. 1014, 87, 120; abst. J. S. C. 1, 1014, 33, 
042. J. van Zyl, Zts. ang. Chem. 1918, 31, 20.4; abst. J. .S. C. 1. 1018, 37, 
710-A. J. S. C. 1. 1010, 38, .408-K. Industriel, 1010, 00, 04. ICrtg. News, 
191.5, 10. 

1. 1C. P. 140.4.4, 101.4; abst. J. S. C. 1, 1017, 36, .447; U. S. P. 12.4087.4; 
ab.st. J. S. C. I. 1018, 37, 242-A. II. S. P. 1.422201, 1010; ab.st. J. S. O. 1. 
1020, 39, 21-A. 

2. D. R. P. 280001; abst. J. S. C. 1. 1010, 35, 110; Chem. Zentr. 1017, 
88 I 720; Chem. Ztg. Rep. 101.4, 39, 400; Zts. ang. Chem. 101.4, 28, 521. 
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mixed in any proportion before they pa^s on to the chambers 
containing the catalyst. 'I'lie processes of Iv. Anbertin,' W. ban- 
dis,'*' K. Kaiser,■' Ivlektrochemische Werke (fes.,' F. Hensa,“ A. 
h'rank,® T’. licrshman,^ S. Barth'' and W. Schmidt^ are similar to 
the above. , 

.According to the process of A. Wells"’ nitrogen oxides are 
formed from ammonia by passing a mixture of ammonia and air 
through catalytic chambers. The surfaces with which the gases 
come into contact with a, catalyst, e. g., platinum, nickel or co¬ 
balt vanadate or tin chromate and an inert carrier. 'I'hc cham¬ 
bers are heated, preferably to a temperature of about .'idO''' 700°, 
and heal interchanged is effected lietween the oxidation products 
and the gases entering the catalytic chamber. 

F. Washburn" adds free ammonia to a solution of nitric acid 
to form ammonium nitrate, which is reco\ered and added to con¬ 
centrated sulfuric acirl to form a strong nitric acid. .According to 
the Badische Anilin and Soda I'abrik,'- better yields of ammonia 
are obtained in the synthetic process if a promoter is added to 
the catalyst other than iron, cobalt and nickel while excluding 
contact priison. Oxides or other suitable compounds of the alkali 
and alkaline earth metals, earth metals, the rare-earth metals, 
and also tantalum and niobium are suitable as promoters, while 


1. It. 1‘. I IS), ISiTI- .A- he Hemvtiime. Hall. Aciul- Kay. Belt,'. Hl()2, 
".S- I C S I'.)))-, 82, ii, lAO; Zls. aiiK. Chini. 18, I,(si. 

2 . ’ I’. S. I>. lloOLM; al)sl. J. .S. C. 1. I'.'Kl. 35, 4(iS. ^ ^ 

1’ hU r ul>st. C. A. 101.'^. 7, I )()•); J- 51, 

77'). ' Aust! V.4Km.'nU].’ Clifin. ZtK. 

10, lOSO. See also C. A. liHti, 10, KUO; J. S. C. !■ "I)- 
• ■! Ii I>. .■)2X2, Hill; alist. J. S. C. I. 31> *'■ • l-lsiH'. 

HU I; ahst. J. S. C. I. HU I. 30, 1012: Man. Sci. lOHi. 79, 122. 
a. Ii. !>. Appl. I 10:M). HU.5; alisl. J. .S. t. . K'lO. 35, ■>!. 

(1. I). K. I>. 22.i:i20, ahst. C. A. HUO. 4, : 2a; ^ .'2"*!v.7 

11 ,->11' CTicin. Zte. Hep. HUO, 34, BOV; Jahr. Clu-m. HUO, 63, I. .)So Wat,- 
Ja’hr. liuo; 56, I, IS."); Zts. aag. Cheni. HUO, 23, 200H: Zts. helness. . puiiK- 

'""’t*’ Can. P. ITaTlO, IT.'iTAO, HU7;al)st. C. .A H.U7, 11, OlO:!. 

X. Swiss I*. 7.‘n77. liHO: al)sl. C. A. ^ t .,,10 37 

!). U. S, P. I2.A2720; abst. C. A. H.U.S, 12, 0a<; J. b. t. I. lOlb, 

K). V. S. P. 12.52070; abst. C. A. HUS, 12, 7-17; J. S. C. I. HUS, 37, 

n. U. S, P. I2(H;002, l 20 ()tKi.'), 12172 - 17 ; abst. J. S. C 1. 

affl; C.A. 1017.11, 101, 1.520. Can. P. IhilaO, lOUj; abst.C. .A. ^ ^PUriO 
*12. li. P. a,S:i.5, 1011; abst. C. A. 1012. 6 , is 

111.5. .Sec alse K. P. I(H4I. 10240, 1010; K e 

C. I. 1010, 29, 1378; 1011, 30, S7; 1012, 1110: C. A. 1012, 6 , 1340, Uiun. 

Ztg. Rep. 1011, 35, 575. , 
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contact poisons include the metalloids sutli as sulfur, selenium, 
tellurium; arsenic, phosphorus, and also the easily fusible and at 
the saHie time easily reducible metals such as leatl and tin. The 
effect of the addition of any body is determined by making a 
comparative test with a portion of the catalyst that has not been 
treated. It is found gbnendly that coni])ounds of those metals 
that yield non-reducible oxides and salts are suitable as ])romoters, 
when used in conjunction with catalysts such as the alkali or 
alkaline-earth metals, the earth metals, manganese, tungsten, 
molybdenum, osmium and the noble metals. The gases them¬ 
selves .are freed from contact poison by passage over a material 
capable of absorbing it; coiueniently a further portion of the 
catalyst placed in advance. In examples, ammonia is prepared by 
the passage of nitrogen over a mixture of cerium and p(jtassium 
nitrate, a mixture of osmium oxide hydrate and potassium osmate 
which has been reduced in hydrogen, a mixture of bariuiii and 
potassium nitrate, or lithium, calcium or aluminium cither the 
form of imAal or as nitride, atnide, hydride or carbide, may replace 
the barium, a mixture of ))otassium oxide and an allov or mercury 
and manganese, the whole being heated until the mercury has 
distilled off. Aleister, bucius and Ilruening' and also Rohmer- 
burn a homogeneous mixture of ammonia and air, containing about 
1(1',';' H', ./Nil.), and only sufficient oxygen reiiuired for the 
oxidation of ammonia into the desired nitrogen oxides, in the 
presence of a platinum-a.sbestos catalyzer. In another process,^ 
the mixture of air and ammonia is forced through the catalyzer 
at a pressure greater than normal atmospheric, by means of a per¬ 
forated disc placed behind the catalyst. 'I'lie processes of C. Kills,'* 
Chemi.sche I'abrik (Iriesheim-Klektron,'' Pease,“ A. Wells,’ Verein 

1. Iv. I’. :«)(i2, L'Sr.'iT, I'll.'i; ab.sl. C. ,\. I'.llt, 8 , 2007; J. .S. C. I. I'lKi, 
32, 1011; Hill, 33, IR'i. K. I’, 4.'):wi.s. ]). R. I*. 2Wi7.'il, 2W).".«2, gWE)!):); 
abst, Cliini. Zciitr. lOKi, 87, I, 102; 1017, 88 , I, (iltS; Clicm. Zlg. Rep. lOl.'i, 
39, ■■ini-. 1010, 40, 4H; Zls. .-ITIK. Chem. lOl.s, 28, .'.OS; 1010, 29, 00. 

2. I'. .S. I’. I()00;i02, I000;i0;i; aOst. C. 1014, 8 , 2228; Mon. Sei. 
1014, 81, I.■i7. 

'■i. Vereiii Chcniischer I'abrikeii Mannheim, li, 1’. 1200(), 1014; abst. 
J. S. C. I. 101.5, 34, 002; C. ,\. 101.5, 9, .'ilgO. P. 1'. 472.507; abst. J. S. C, f. 
101.5, 34, 402. 

4. 1,7 S. I’. 12:«.50l, 12:i7.sst; abst. C, A. 1017, U, 2002, 3102; J. .S, C. 
I. 1917, 36, 1007, KKH 

.5. Aust. R. 34031, 1008. 

0, E. P. Appl. 10.53, 1018; abst. J. ,S. C. I, 1018, 37, 70-A. 

7. U. ,S. P. 12.52970; abst. C. A. 1918, 12, 747; J. S. C. I. 1918, 37, 
148-A. 
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Chernisdier Pabriken in Mannheim,' M. Pier," J. Price,’, and C. 
Bosch, A. Mittasch and C. Bcck,^ are similar. 

The Farbwerkc vorm. Meisler, Piicins u. Bnicnmg’ have 
shown that nitrogen and nitrogen oxides arc alone produced by 
, the combustion of ammonia in air in the presence of contact 
agents by employing such an amount of ammonia that there is 
no excess of oxygen in the reacting mixture, while the oxygen is 
present in a quantity just sufficient for the production of higher 
or lower oxides. The nitrogen oxides may be condensed with the 
water present forming nitric acid, or by suitable adjustment 
sodium nitrite may be obtained liy treating the gases with caustic 
soda lye. Or the process may be arranged .so that nitric oxide 
is the only oxide produced from ivhich the water iiresent may be 
separated by cooling, and air afterwards admitted to oxidize Uic 
nitric oxide, the resulting oxides being separated from the nitrogen 
in the further cooling and absorbing apparatus. 'Hie apparatus 
used consists of an iron tulie containing platinized .a<^bestos or 
several diaphragms of wire netting, or a finely perforated platinum 
sheet, or a narrow tidie of plalinum or the like. 

In the process of the Ijlcktrizitatswerk l/niza," air is allowed 
to (low through a solution of ammonium sulfate in countercurrent 
at a temperature of 70° 75'’, the ammonia formed by hydrolysis 
being separatcti from the nitrogen. Tv Naumann,' P. box,® oper¬ 
ate similarly. C. P71lis'' produces nitrogen oxides employing silver 


1. K. 1‘. 12000, lOl-l; abst. C. A. lOl."), 9, 0120; J. S. C, 1. lOlo, M, ‘.t02. 


C, A. 1913, 7, Ml; Chcni. Zentr. 1912, 83, II, loVi; tluaic/t.g. Kc]). 191-, 
3$, 018; Wag. Jalir. 1912, 58, 1, 380: Zts. atig. Cliein. 1912, 25, t.jOo. 

,3. It. P. 1075,•), 1909; abst. C. A. 1911, 5, 2312. .,-o, 

4. II, S. P, 120770t>, 1207707, 120770S; abst. A. 191<, 11, -<8, 

J. S. C, I. 1917, 36, 84. . n 

5. E. P. 3062, 1913; abst. C. A. 1911, 8 , 21)0.; J. S. C. I. Ubk 32, 

1011. n. R. P. 289501. Addn. to I). R. P. 280751; abst. .V 'Jib. 
1412, 2020; Chem. Zentr. 1917, 88 , I, 03,8; Clum Ztg Re',). 191.), 39, .io<, 
Zts. ang. Chem. 1915, 28, 508. „ „ 

0. Swis-sP. 73.378, 1910; abst. C, A. 1917, U, 19.). ,oi., ■* 

7. U. R. P. 2.59993; abst. C. A. l'.H3. 7, 3001: Chem. Zeiili. '■"•'• **) 

I, 2009; Chem. Ztg. Rep. 1913, 37, 2.82; Wag. Jahr. I91.i, 59, 1. .kU), Zt.s. -mg. 
Che*. 1913,26,347. ^ .,,-,1 

8. J. Ind. Chem. 1917, 9, 737; abst. L..V 191 -.11, 21)8. 

9. U..S. V. 1237884; abst. C. A. 191/, U, 3102; J. b. C. I. 1J1-, ») 
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molybda'e, vanadate or phosphate, or silver manganese chromate 
as cataiysts. 'I'he oxidation of ammonia by air is effected by 
the Vcrcin Chcm. Fabr. Mannheim,' by forcing the mixture 
through the catalyst so that the pressure of the jirodncts is above 
that of tljc atmosphere. This may be brought about by a porous 
plate after the catalyst. K. Herman- burns methane with air 
enriched with oxygen under high pressure or causes it to undergo 
fiameless combustion by contact with a mass of zircon. A yield 
of '.i% 4'( by volume of oxides of nitrogen is claimed with a 
consumption of about 2..') cubic meters methane per kilo lOtl',, 
nitric acid. The Badische Anilin und Soda h'abrik" employs a 
catalyst of the iron group and an oxide of bismuth to oxidize 
ammonia by air. The claim also covers the replacement of either 
of the above by an oxide of a rare earth or a mixture of three or 
more such materials. 'I'he binding material should not contain 
a large amount of non-metals or their compounds, a yield of Dll' 
oxides of nitrogen is said to be produced. It is suggested to dis¬ 
solve fifteen parts of nitrate of iron with one jiart of lanthanum 
nitrate in water and precipitate by ammonia. Tlie lumps are 
dried at '2M° C., heated to C., and usc<l at 7(1(1° C. 

In the process of F. Hlavati' ammonia and other nitrogen- 
hydrogen compounds, such as Indrazine and hvdroxviamine, are 
prepared syntheticallv bv ionizing bv electric discharges a mixture 
of, or eontaining, nitrogen and hydrogen, and then passing the 
gases over a catalyst consisting of a mixture of a metal of the 
platinum group and titanium in a fmely divided state and sup¬ 
ported on an indifferent substance such as asbestos or tufa. I'he 
metals in the catalyst are preferably mixed in tfic jiroportion 
of their atomic weights. In a modification, the catalyst is 

1. F. P. 472,'.((7; .abst, J. H. C. I. I It I a, 34, 492. 

2. D. K. P. 2KI()K4: alist. J, ,S. C. I. Illl.s. 34, (il.’i; Mbn. Sci. 1917, 
84, T.a; Chcni. Zentr. 191"), 86 , I, 170; Chem. Ztg. Ki|). 191.'), 39, 14; Zts. 
ang. Chem. 191."), 28, 82. 

,4. K. P. kiOKT, kwix, 1914; alist. J. S. C. I. lUl.'i, 34, 799. 901. .See 
N. Caro, 1). R. P, 2720.48; abst. J. S. C. 1. 1914, 33, .494; C. A. 1914, 8 , 2407; 
Chcm. Zentr. 1914, 85, 1, 1014; Chem Ztg. Rep 1914, 38, 247; Wag. Jain. 
1914, 60, I, 410; Zts. ang. Chem. 1914, 27, 404. N. Caro, Zts. ang. Chem. 
1909, 22, 1178; 1910, 23, 2412; 1911, 24, oOo. 

4. K. P. 1142, 1914; abst. C. A. 1914. 8 , 2401; J, S. C. 1. 1914, 32, 911. 
U. S. P. 107970.4; abst. C. A. 1914, 8 , 404; Mon, ,Sei. 19(4, 81, 27, I). R P. 

27.4004 , 2770.44; abst. Chem, Zentr. 1914. 85, II, 270, .490; Chem. Ztg. Re|). 
1914, 38, 404, 400; W'ag, Jahr. 1914, 60, I, 409, 441; Zts. ang. Chem. 1911, 
27, 480, "FH. Aust. P. 72211; abst. J. S. C. I. 1914 , 33, 1009, 11.44; C. A. 
1917,11,874. 
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rciulcrcd active by the eniaiialion from pitchblende ©r other 
radio-active material, in which case the ionizing treatment 
may be wholly or in part dispensed with. In carrying out the 
process the gases are ionized by passage througli a spark or brush 
discharge, and are cooled before passing‘over the catalyst con¬ 
tained in chambers or tubes. The ga.ses are cooled when passing 
from chamber to chamber until a lem|X‘rature is reached at which 
the gases arc absorbed by the catalyst. 'I'lie rise of temperature 
con.se(juent on absorption sets free tlic gases in a nascent state 
when they combine to form ammonia. 'I'oo great a rise it] tem¬ 
perature is avoided by emplf)ying gases under pressure and 
sprinkling the chambers with water. If oxygen or water-vapor 
is present in the gases, compounds with the catalyst are formed. 
'I'liese are decomposed by increasing the temperature and reduc¬ 
ing the pressure, after which the g:is may be again conducted over 
the catalyst but in reverse direction. If two or more sets of 
apparatus arc available, a continuous production may be ar¬ 
ranged for. 

A. Lynin' obtains ammonium nitrite or nitrate by oxidizing 
ammonia in producer gas by means of nitrf,gen oxides. Another 
process- treats the amiwmiacal gases obtaiiicti from lime-nitrogen 
with caustic alkalis or alkaline ea.rths before their catalytic oxid¬ 
ation, in order to render innocuous the silicon hvdride, phos¬ 
phorus hydride and acetylene, brought in as impurities by the 
linie-nilrogcn, whicli otherwise co\er the catalyzer (platinum) 
with a layer consisting principally of silica, and soon render it 
inactive. 

The proces.ses of K. Monckton,'' II. I,amb,'W. Feld,-’ and F. 
Collett and M. lickardt" offer but little that is new. C. Parsons" 

1. K. I’ lx.'jl, IDKi; abst. C. A. I!)l-I. 8 , 2-1(12: J. S. C. I. 11)14, 33, 244. 

1'". P. 4ti7.')!)2; abst. Mon. Sei. IDKi. 83, l.a, 

2. The “Oesterreichisclie Verein f(ir Cbeni. uiiil Metallurgische" pro- 
tlnction at Aussig, D. R. P. 2,ali)24, 27(1720; abs(. C. A. lOl.l, 7, 40.7; Cliem. 
Zentr. 11)12. 83, 11, |■)()2; 1014. 85, II, .'i.'ll; Cheni. Ztg. Rep. 1012, 36, (107; 
1014, 38, 40(1; Wag. Jalir. 1012. 58, I, ;i,S7; 1014. 60, I, .’IIO; Zts. ang. Chein. 
1012, 25, 2;i78: 1014, 27, .7(1,5. Aiist. Api-I. A-0X.71; abst. J. S. C. I. 1012, 31, 
112.7; 101.7, 34, 28. 

8. li. P. 1800, 1800. li. P. 20.7, ;i,7(K), 1,874. 

• 4. U. S. P. 1207.707; abst, J. .S. C. 1. 1017. 36, ,88. 

.7. p;. P. .7888, 1011; abst. C. A. 1012, 6 , 2.717; J. .S. C. I. 1012, 31, 400. 

0. K. P.»,7713, 1011; C. A. 1012, 6 , 2.701; J. .S. C. I. 1011, 30, 10.78, 
A. Iliorth, Norw. 27.880, 1010; ab.st. C. A. 1017, 11, 278. 

7. I', s. P. 1280125; abst. X.'. A. 1017, 11, 8804; J. S. C. I. 1017, 35, 



042 TECHNOLOGY OP CELLULOSE ESTERS 

has “dedicated to the pitblic” a process whereby nitrogen oxides are 
formed by passing a mixture of ammonia and oxygen containing 
gas over a catalyst formed of lead oxide lead chromate and a 
carrier of bone ash or other material not reactive with the lead 
chromate or the lead oxide at a temperature of 1000°. Crystal' 
aluminium oxide or carborundum may serve as carriers for the 
lead compounds as well as bone ash. The patent is dedicated to 
the public for free employment without payment of any royalty. 

1’. Starke has outlined a process’ whereby a catalytic mass is 
prepared by mixing sodium carbonate 20, magnesium oxide 30, 
and metallic iron .50 parts, with or without the addition of carbon 
or crude oil or molasses to increase the porosity of [the' mass, 
grinding this mixture thoroughly and heating it to 400°-800°. 
Ammonia is then produced by ]Kissing through the catalytic mass, 
a mixture of air and natural gas 11 parts at a tcmpcr iture below 
that at which cyanides are formed. The temperature and j)res- 
sure may vary widely, a higher pressure rendering possible work¬ 
ing at a lower temperature and conversely. A temperature of 
000° and a pressure of 2(i0 atmospheres is stated to ha\e given 
the best yields of ammonia. Nickel, cobalt, chromium, aluminium 
or oxides or salts of iron may replace iron as an ingredient of the 
catalytic mixture. According*to Donath and Indra, ammonia 
may be transformed into nitric acid in the following w'ays: 

1. Oxidation of gaseous ammonia, with or without addition 

of air, by chemical means, by substances giving off oxygen at 
higher temperatures. , 

2. Oxidation of gaseous ammonia by atmospheric oxygen at 
higher temperatures with the assistance of catalyzers. 

3. Oxidation of aciuetms solutions of ammonia, therefore at 
comparatively low temperatures, by substances giving off oxygen. 

4. Electrolytic oxidation of ammonia solutions. 

5. Bacterial nitrification of ammonia. 

E. Summers,C. vStuart-Bailey,^ The Nordyke & Mannon 

1127. Sec C. Parsons and L. Jones, li. P. 1.32.5.51, 1.3d;H2, 191X. U. S. P. 
1321376; abst. J. .S. C. I. 1!»19, 38, .S17-A; 1920, 39, 23-A. 

1. U. S. P. 12.56273; abst. C. A. 1918, 12, 981; J. S. C. I. 1918, 37, 
241-A. 

2. U. S. P. 1242264; abst. C. A. 1918, 12, 121; J. S. C. 1, 1917, 3$, 1235. 

3. E. P. 19189, 1905; abst. J. S. C. I. 1906, 25, 1(M4; Chem. Ztg. Rep 
1907, 31, 72. 
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Co.,' R. Marston,'* F. Bayer & Co.,’ Cliemische Fabrik (iriesheim- 
Elektron,’ K. Kaiser,’ A. Frank and N. Caro,’ M. Wendrincr,' 
D. Meneghini,’ Oest. Verein f. Chem. u. Metall. Produktion,'-' 
W. Reinders and A. Cats,'” L. Jones, D. Morton, G. Terziev and 
Semet Solvay Co.,” and A. Montbaron and A. Ducomniun- 
Mueller” have also patented refinements on the general principles 
as laid down by Haber, the Badische and Ostwald. 

For the theoretical aspects of the problem and the advance¬ 
ments, especially from the electrical engineering point of view, 
the work of W. Weith,'’ Siemens & lialske,” J. Liebig,” O. Michel 


1. D. R. P. 189472; abst. Cliem. Zentr. 1907, 78, II, lOal; Chem. Ztg. 
Rep. 1907, 31, 549; Chem. Zts. 1907, 6 , No. 40G; Jahr. Chem. 190.5-1908, 
I, 1779; Wag. Jahr. 1907, 53, I, 409; Zts. ang. Chem. 1908, 21, 797 E P 
1204, 1906; abst. J. .S. C. I. 1906, 25, 530. F. P. 362434. 

2. E. P. 19074, 1900; abst. J. S. C. I. 1901, 20, 1209; Chem. Ztg. 1902, 
26, 206. 

3. U. S. P. 763491; abst. Mon. .Sci. 1904, 61, 142; Chem. Zts. 1904, 
3, 692. E. P. 18594, 1903; abst. J. S. C. I. 1904, 23, 787. IX R. P. 10.S272; 
abst. Chem. Centr. 1906, 77, I, 1198; Chem. Ztg. 1906, 30, 425‘. Chem. Zts. 
1906, 5, 344; Jahr. Chem. 1905-1908, I, 1777; Wag. Jahr. 1906, 52, I, 449; 
Zts, ang. Chem. 1906, 19, 1941; Zts, Schiess. Spreng. 1906, 1, 103. E. P. 
335229; abst. J. S. C. I. 1904, 23, 186; Chem. Ztg. 1905, 29, ,531; Mon, Sci. 
1904, 61, 75. 

4. E. P. 13954, 1907; abst. J. S. C. I. 1908, 27, 447. E. P. 380884. 
U, S. P. 971149; abst. Mon. Sei. 1913, 79, 100; Chem. Ztg. Rep, 1910, 34, 
610. D. R. P. Anm. C. 17336. 

5. U. S. P. <987375; abst. Mon. 'Sei. 1911, 75, 111; Chem. Ztg. Rep. 
1911, 35, 248. E. P. 20325, 1910; abst. J. S. C. I. 1910, 29, 1.377; Chem. 
Ztg. Rep. 1911, 35, 3. E. P. 4197,82; abst. J. S. C. 1. 1911, 30, 130; Mon. 
Sci. 1913, 79, 88. 1). R. P. Anra. 42005. 

6. II. R. P. 221329; abst. Chem. Zentr. 1910, 8 l, II, 511; Chem. Ztg, 
Rep. 1910, 34, 397; Jahr. Chem. 1910, 63, I, .587; Wag. Juhr. 1910, 56, I, 

,485; Zts. ang. Chem. 1910, 23, 2098; Zts. Schiess. Si)rcng. 1910, 5, .338. 
Bayerische Stickstollwcrkc A. O., D. R. P. 230705; abst. Chem. Zentr. 1911; 
82, II, 315; Chem. Ztg. Rep. 1911, 35, 392; Wag. Jahr. 1911, 57, I, 429; 
Zts. ang. Chem. 1911, M, 1495. 

7. Chem. Ind. 1911, 34, 4.56. W. Feld, Helg. 174934, 1904; 188779, 
1905; 204664, 204696, 204719, 1907. 

8. Gazz. chim. ital. 1912, 42, 126; J. S. C. I. 1912, 31, 383. 

9. Aust. Anm. A 9851. F. Daferl and K. Miklanz, E. P. 10.597, 1914; 
abst. J. S. C. I. 1915, 34, 871; Chem. Ztg. Rep. 1916, 40, 146. E'. P. 474994; 
abst. Mon. Sei. 1916, 83, 83. 

10. Chem. Wcekblad, 8 , 47; abst. C. A. 1912, 6 , 3234; Chem. Zentr. 
1812, 83, I, 708. 

11. U. S. P. 1037261; abst. C. A. 1912, 6 , 3198; J. S. C. I. 1912, 31, 
922; Mon. Sci. 1913, 79, 5; Chem. Ztg. Rep. 1913, 37, 32. 

12. E. P. 400895; abst. Mon. Sci. 1911, 75, 149. G. Calvert, E. P. 


106J2, 1914; abst. J. S. C. I. 1915, 34, 715. 

13. Her. 1874, 7, 1745. ^ 

14. D. Rt P. 85103; F. P. 335453; abst. J. S. C. I. 1904, 23, 193; Chem. 

Ind. 1896, 18, 186, 387; Zts. ang. Chem. 1896, 9, 75; Mon. Sci. 1896, 47, 
72; 1904, 61, 76; Ber. 1897, 29, 245; Chem. Centr. 1896, 67, I, 1216; Chem. . 
Ztg. 1896, 20, 204; Jahr. Chem. 1896, 49, 414; Wag. Jahr. 1896, 42, 410; 
Zts, ang. Chem. 1896, 9, 75. „ „ „ 

16. Mag. Pharm. 33, 40. See also; R. Koepp & Co., E. 1. 30073, 
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and R. GrandmouKin,' R. Donatli and A. Indra,’ R. Kuhlmann,’ 
R. Donath,' VV. Kodiinann,' G. Oesterlield/' D. Meneghini,’ 
M. Hcrschkowitsch,* iN. vSmith,'* F. Sestini,‘SR. Keinpf," M. Revi 
and R. Migliorini,'” VV. Traubc and A. Biltz,'-' O. Rocw,'^ R. Ander¬ 
sen,'-'’ F. Fiehtcr and H. Kappeler,"' F. F'ichter,'^ F’. Muller,"* A. 
Millot,'*' A. Rrocliet and G. Boiteau,’" G. Seagliarini and A, Casali,"' 

r. .S. P. alist. J. S. C, I. 1914, 33, 78.S; 1910. 35, T.'i.S. K, P. 

2222.->, 190,I: V. S. P. ,H029,S0; ahst. J. S. C. I. 190,'>, 24, 12.54; 1900, 25, 49.5 
HelK. P. 20;!47:i, 19i:?. A. MatiKiioii, I'. .S. P. 10,S9240, 10X9241; alwt. C^A. 
1914, ?, 1490; Moii. Sci. 1914, 81, 97; Chem. ZtK. Rep. 1914. 38, 201; Zts, 
aiig. Chem. 191.5, 28, I, 20.5. P. P. 4;i0.59.5; abst. C. A. 1912, G, 2149; Moti. 
Sci. I9l;i, 79, 127; Chem. Ztg. Rep. 1912, 3$, 57; J. S. C. I, 1911, 32, 1211. 

H. Castner. K. P. 1221X, 1X94; abst. J. S. C. 1. 1.S95, 14, 572: Chem. Ceiitr, 
1X95. 6 G, II, 099. 

1. Her. 1X9:1, 26, 2505. A. Nodon, 1). R. P. 274040; abst. C. A. 1914, 
8 , 2X,51; Chem. Zentr. 1914, 85, 11, 94; Chem. Ztg. Rep. 1914, 38, .'i2.'i; Wag, 
Jalir. 1914, 60, 1, 050; Zts. ang. Chem. 1914, 27, 097. 

2. ''Die Oxydation des .Ammoiiiaks zu Salpctcrsaiirc mid Salpctrigcr 
Saurc," 1910; abst. C. A. 1910, 7, 24.50. B. Lcp.sius. P, P. 400102; abst. 

J. S. C. I. 1,914. 33, 044; C. A. 1914, 8 , 0492; Chem. Ztg. Rep. 1914, 38, 579. 

0. .'Xmi. 1X41. 39, 019; J, pr. Chem, IXll, 24, 22.5. 

4. Zts. .Schiess. Spreiig. 1910, 11, 170. 

5. .Arb. <1. pharm. Inst. Berlin, 1911. H. Koiipers, I). R. P. 2,S.50.54; 
abst. J, S. C. I. 191,5, 34, 1142. Bclg. P. 1X0040, 1905; 2I.X474, 1909; abst. 
Chem. Zts. 190J, 5, 040. 

0. Zts. anorg. Chem. 1914, 86 , 100. 

7. Gazz. chim. ital. 1912, 42, 120; 43, 1, XI; J. S. C. I. 1912, 31, O.XO; 
1910,32,200. 

X. Zts. Phys. Chem. lOO'.l, 65, 90; Chem. Zentr. 1909, 80, I, 250, 

9. J. C. S. 1900. 89, 470. Nobel’s Pxjilosives Co, and 1). Cross. K. 
P. 24007, 1910; 9082. 1911; abst. C. A. 1912, 6 , 1400; J. S. C. I. 1911, 30, 1211. 

10. Zts. ang. Chem. 1904, 17, 10,80: 190.5, 18, ,820. 

11. Ber, 1905, 38, 0900. H. Mehner, U. S, P. 007940; I). R. P. ,8.8999, 
92.810; abst. Zts. ang. Chem. 1X90, 9, 070; 1X97, 10, 40.5; Chem. Cenlr. 1X97, 
68 , I, 142: II, 8,80; Chem. Ztg. 1X90, 20, 904; 1.897. 21, 019; Jahr. Chem.' 
1X97, 50, .529; Wag. Jahr. 1X90, 42, 411; 1X97, 43, 442. K. P. 12471, 1.895; 
abst. J. S. C. I. 1X90, IS, .544, 

12. Gazz ehiin ital. 1908, 38, ii, 10. 

10. Ber. 1904, 37, 0100; 19(Ki, 39, 100. 

14. J. prakt. Chem. 1879, 126, 29X. 

1.5, Zts. Klektrochem. 1910, 23, 441; abst, J. S. C. I, 1917, 36, XI. P. 
Pepsins, Belg. P. 202919, 1910. A, I.yman, Belg. P. 2.50412, 1910. 

10. Zts. p;iectroehem. 1912, 18, 047. IC. Jolicartl, Belg. P. 201193, 
1913. J. Jackson. Bclg. P. 2000X1, 1910. 

17. Chem. Ztg. 1912, 36, OfX). 

18. Chem. Zentr. 1911, 82, I, 020. R. Wallace and It. Wasmer, U.' S. 
P. 10X0232; K. P. 1X4.50, 1912; P. P. 4:>4092; abst. J. ,S. C. I. 1914, 33, 22; 
C. A. 1914, 8 , .5.50, 1192; Mon. -Sci. 1914, 81, 0.5; 1910, 83, 12; Chem. Ztg. 
Rep, 1914, 38,4.57, 

19. Bull. Soi'. Chim. IXX7, (2), 48,010. A. Kroll, Belg. P. 2340-13, 1911. 

20. Bull, ,Soc. Chim. 1909, (4), 5, 007. 

21. Chem. Zentr. 1910, 84, I, 994. A. Serret, P. P. 402003; abst. J. S. 
C. I. 1914, 33, 012, 
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W. I^oldenliauer,’ G. ScaKliarini,'^ O. DiclTcnbacli,’ 0.»Uhde,' 
H. Kaserer,® E. Muller and F. Spitzer," Besson and Rosset,’ (). 
Bdcker and R. Schmidt,* A. Brocliet and G. Boitcau,* G. Bour- 
gerel,'" F. Haber," F. Klinkerfues,'- G. Taylor and J. Capps,'* 
A. D.," Iv. Maxted,'* li. Donath,"' and A. Crosby'^ should be 


1. Zts. aiiR. CTicm. lilU, 27, I, .'i-il. 

2. Gil/., chilli, ital, Ull.'i, 43, I, .')(); I!IH, 44, 1,."iCi;iibsl. Cliciii.Zciitr. 
lUl.-i, 84, I, I2U:J; 1014, 85, II, 1024. 

;i. Chem. bid. 1014, 37, 2(m. T. Winstaiilcy and K. Williams, H. P. 
21004, 1012; abst. J. S. C. 1. 1012, 33, 1000; C. A. 1014, 8 , OO.'i; Chcni. Ztt;. 
kcp. 1013, 37, 007. 

4. Chem. ZtK. 1014, 38, lOb'i. 

,■). Zts. landw. Vers. Wes, Ost. 10, 37; abst. Chem. Zeiitr. 1007, 78, I, 
li')2. J. Wolf, I). R. P. 2H1317; abst. J. S. C. I. lOl.'i, 34, 012; Mon. Sci. 
1017, 84, 7.5; Chem. Zentr. 101.5, 8 $, I, 220; Chem. Zts- Rep. 1014, 38, 14; 
Wag. Jahr, 1014, SO, I, 300; Zts. ang. Chem. 1015, 28, 31. 

0. Zts. Kleetrix'liem. 1005, U, 017; abst. Chem. Centr. 1005, 76, II, 


KOH. 

7. Compt. rend. lOfXi, 142, 033. 

,S. Ber. loot), 39, 1300, J. bipski, Zts. Itlektrochem. lOfHt, 15, bSO. 

0. Zts. ang. Chem. 1000, 22, 1234. 

10. Mon, Sei. lOI I, 75, .501; Chem. Ztg. Rep. 1011,35,021' 

11. Chem. Ztg. 1010, 34, 31.5; abst. C. A. 1010, 4, 1053. C. .Stemmel/, 
r S P 80,5013, 804')47, I002.S05; abst. J. S. C. I. 1007, 26, 1(KI7; 1008, 27, 
005; 1013. 32, 000; Mon. .Sci, 1008, 69, .50; 100!), 71, 11 1; 1014, 81, 15; C. A. 


C. A 


1013,7,2355. , , . 

12. Wiener Landw. Ztg. 61, 850; abst. C. A. bM2. 6 , 140. 

13. J. Ind. ling. Chem. 1018, 10, 4.57; abst. C. A. 1018, 12, 14!b. 

14. L’Industrie. Chini. 1018, 5, ,S0; atist. C. A. 1018, 12^ 

1.“). P)ngiiu‘eriiig, 1017, 104, 122; Chem, Irade J. 1017, 61, 

1017, 11, 2178; J, 8. C. I. 1017, 36, 777. 

10. Chem. Ind. 1014, 37, 513; abst. C. A. l!)l,), 9, .),50. 

17. Engineering, 93, .500; abst. C. A. 1012, 5, 24!m. See Mso Itleetro- 
tecniea, 1017, 4, 102; Rev. gen. elec. 1,145; C. A. 1017, 11, Engineering, 
1010, 102. D. Lance and V. Elworthy, Belg. P. 100143, lOOf). E. Donath 
and A Indra. C. A. 1013, 7, 24,50. 11 Deville, Compt. rend. 18l)o, 60, .il,. 
•a. de Heraptinne, Hull. Acad. Roy. Belg. 1002, 28. See also: Wenitnann, 
Her. 1875, 8 , 077. L. Mond, Zts. ang. Chem. 1808, 11, 2b.!. M. 
Bull. Six-. Chim. 1870, 25, 427. G. Mulder, Jahr. Chem. 18.)0. 3, -.lO. 1 • 

Eleitmann, Ann. 18.50, 76, 127. L. Wright, J. C. S. « 

1881, M, 2415. G, Johnson, J. C. S. 1881, 39, 128; Chem New.s, 1881, 43, 
42, 488. K. Williams and W. Ramsay, J. C. S. DWti, 49, 2'..L O. I.oc», 
Ber. LSOO, 23, 1443. H. Baker, Chem. News, 1883, 48, 18/. 'i, 
and H. Will, Ann. I8-1I. 39, 200. H. Will, Ann. 1.843, 45, On. H. 

Trans. 1807, 97, 1. Rayleigh, J. C. S. 1807, 71, 181. Iv. Baiir, Ber. 1001. 
34, 2385. Iv. Permann. Chem. News, 1004 . 90, 13. 1.82; I’roe Roy. 

W, 76, 107. E. Haber and G. van Oordt. Zts. anorg. Chem. 43, 111, w, 
341; 47, 42. H. Woltereck. D. R. P. 140712; abst. <-himi. Centr. U0.!J4, I, 
1204; E. P. 32841.5, 332.501; abst. Compt. rend. 100!), 146, 1.4. R. Nithak. 
D. R. P. 0.5.532. J. Wood, U. S. P. 820301. P. de i, 

7427^. 78.573. J. .Sehhitius, E. P. 2200, 1003. P. 

200100, 1008. I.. Rrtinel and P. Woog, Comiit. »4''ir .ult 

Centr. 1008, 7», 1, 200. E. McDermott, J. A. C. h. •>‘A’ 

Chem. Zentr. 1011, 82, I, 1.541. E. Haber, Chem. Ztg. 

.Badische Anilin & Soda Eabrifc., D. R. P. 223408; abst. Chem. Centr, 19U), 
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consulted as indicating new possible methods of application. 

Recovery of Nitric Acid from Various Sources. In tlie 
original method of L. Stille,' the nitrous gases generated in a 
battery of the Bun.sen or Groves type in Which potassium chlor¬ 
ide or nitra^^e is used in the porous shell containing the zinc element,, 
are passed in contact with water whereby nitric acid is regenerated. 
When the battery is exhausted the liquid contents are mixed, and 
zinc carbonate is precipitated by potassium carbonate and sep¬ 
arated, potassium nitrate being obtained from the remaining solu¬ 
tion by evaporation and crystallization. 

The manufacture of mordants by the action of nitric acid 

81, II, 347. F. Halier, D. K. P. 220126; abst. Chem. Zentr. 1911, 82, I, 49. 
D. R. P. 23847)0; absl. Chem. Zentr. 1911,82, II, 1184. Badische Aniliii & 
Soda Fabrik., FI. P. 19249, 1910. F. P. 42.5009; D. R. P. 240377; abst. Chem. 
Ztg. Rep. 1912, 3S, 291. Zts. ang. Cliem. 1911, 24, 352. Soc. (len. des. 
Nitrurcs, D. R. P. 2.50085; abst. Chem. Ztg. Rep. 1912, 505. (lewerkschaft 
des Steiukolilenbergwerke I.otliringen, lielg. P. 220216, 1910. Ccntralstclle 
fiir Wisscn.schaftlieli-Teehiiiselie Untersachungen, Iv. P. 2392, 1915; abst. 

J S. C. I. 101(1. 35, 300. D. R. P. 288490, abst. J. S. C. I. 1010, 35, 300. 

D. R. P. 290877, abst. C. A. 1911, 5, 874. J. Gcrlaohe, Belg. P. 244742, 
247106, 1912. W. Traube, Her, 1905, 38, 828. VV, Tratibe and A. Blitz, 
Ber. 1904, 37, 3130; 1906, 39, 160. W. Woltereck, D, R. P. 140712, 1012; 
abst. Zts. ang. Chem. 1902, 16, 1160; Chem. Iiid. 1903, GOO. Ges. f. .Stick- 
stolTdiinger, Belg. P. 198091, Uf07. H. Woltereck, Compt. rend. 1908, 147, 
460, 1402. R. Goldschmidt, Belg. P. 187601, 1906. I'. Zoisberg, Met. 
Chem. IJngr. 1916, 15, 299. F. Frerichs, Belg. P. 211957, 1908. H. Mehner, 
Belg. P. 126014, 1897; 175472, 1904; Swi.ss P. 13884, 1897. Q. Moore, J. 
Cunningham and J. Stokes, Belg. P. 251147, 1912. W. Muejler, Belg. P. 
238165, 1911. P. .Mason, Belg. P. 233028, 1911. A. Michacly and L. 
Deboucq, Belg. P. 174140, 1903. J. Machtoll and K. Bosch, Belg. P. 213704, 
1909. J. MeOert, Belg. P. 129689, 1897. H. Sulzer, Belg. P. 242325, 1912. 
H. Simonin, Belg. P. 220442, 1909. F, Saatmann, Belg. P. 1^.573, 1905. 
Societe pour la Traitemont Rationnel des Vidanges, Belg. P. 14.5871, 1899. 
L. Sternberg, Belg. P. 130136, 1897. ' R. Schilling and C. Kremcr, Belg. P. 
171535, 178269, 1903. H. Teichmann, Belg. P. 141411, 1899. H. Woltereck, 
Belg. P. 167807, 170057, 1903; 178802, 1904; 190682, 1906. li. P, 2461, 
1902; F. P. 32841.5, 332.591, 1903; abst. J. S. C. I. 1901, 22, 695, 9.57, 1243. 
C. Bosch, Aust. P. 303, 304, 1911, R. Davis and H. Bryan, U. S. P. 
1319663, 1919; abst. C. A. 1920, 14, 97; J. S. C. I. 1919, 38, 946-A. General 
Chemical Co„ E. P. 124762, 1919; abst. J. S. C. I. 1920, 39, 49-A; E. Maxted, 

E. P. 130023, 1917; 130063, 131049, 1918; ab.st. C. A. 1920, 14, 23, 97, 98. 
Chem. Age, 1919, 1, 514, .540, .590; abst. J, S. C. I. 1919, 38, 944-A. See 
J. S. C. I. 1918, 37, 232-T, 368-A; 1919, 38, 219-A. E. Maxted and T. Smith, 
E. P. 134572, 1918; abst. J. S. C. I. 1920, 39, 21-A. R. Parsons, H. Jenkins 
and C. I. Syndicate, E. P. 130069, 1918; abst. C. A. 1920, 14, 210. See 
E. P. 25415, 1913; 22867, 1914; 104600; abst. C. A. 1915, 9, 1155; 1916, 10, 
1304. L’Air Liquide Soc. Anon., E. P. 129637, 1919; abst. J. S. C. I. 1919, 
38, 932-A. C. Toniolo, U. S. P. 1318936, 1919; abst. C. A. 1920, 14, 97; 
J. S. C. I. 1919, 38, 945-A. G. Taylor and I. Knapp, U. S. P. 1315534, ]919; 
E. P. 134237, 1918; abst. J. S. C. I. 1919, 38, 818, 846-A. General Chemical 
Co., E. P. 120.546, 124762; abst. J. S. C. I. 1920, 39, 108-A. G. Claude, 
Compt. rend. 1919, 169, ia39; U. S. P. 1332460, 1920. 

1. E. P. 1732, 1863. 
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according‘ti> the process of J. Perino,' iron nitrate is employed 
to oxidize the sulfide and so form a soluble sulfate. 'I'lie zinc ore 
is mixed with a considerable excess of iron nitrate and charged 
into a retort which is slowly heated, the nitrous fumes being con- 
deu.sed in water for the regeneration of nitric acid. The process 
of W. Wolters is similar.- 

In de-tinuiug iron scrap in acidified ferric sulfate solution, 
or in a solution of sodium or potassium nitrate mixed with sulfuric 
acid,'' the ferric sulfate solution obtained is oxidized for use again, 
preferably by adding it slowly to a mixture of sodium or potassium 
nitrate and sulfuric acid at 170° I'., the nitrous vapors given off 
being mixed with air or otherwise to produce nitric acid.^ 

P. de Wilde’ has described a process for the regeneration of 
nitric acid in the manufacture of calcium phosphates." Where 
lead and carbon arc used as electrodes in primary batteries with 
an elcctroh'te consisting of a dilute solution of nitric acid 
and sodium nitrate, the chargetl electrolyte containing 
dissolved lead is drawn off, the lead being ])recii)itated by the 
addition of sulfuric or hydrochloric aci.i, and the resulting nitric 
acid re-used in the battery.' Ttu: processes for the recovery of 
nitric acid of I. Baggs," I). Dow and J. Telfer," and R. Rogers,"’ 
are of minor interest in this connection. 

Recovery of Nitric Acid from Absorbents. Nitric and other 
corrosive acids arc recoverable from kieselguhr, randanite, and 
other absorbents with which they have been mixed to facilitate 
transportation, by treatment in a nitric acid distillation plant, 
Uie material being spread as a thin layer on the bottom of a retort 
of suitable shape, the distillation being assisted bv stirring the 
material and by suction. The inert residue may be used again 

1. K. p. imr>7, i.s,s.s, 

2. B. I>. KiWKl, 

:i. II. Hemingway, Iv I’. ST.'i!!, 19(12; abst. J. S. C, I. 1(102, 22, .sOl; 
Chem. Ztg. IlKK, 27, ,SI4. 

4. I!. I*. Hl.'l.'i, 1000; abst. J. .S, C I. 1001, 20. 208. 

Iv, 1>. 14104, 1002; abst. J. S. C. I. lOlH, 22, 108.'): Chem. Ztg. 1004,' 
28, 10.i2; Mon. Sci. 100.5, 63, ,52. 

0. Iv. P. 14112. lOO't; abst. J. .S. C. I. lOOli, 22, 1085; Chem. Ztg. 1004. 
28, 10.52; Moii. ,Sci. 1005, 63, .52. 

7. M. Christensen, K. P. 48.'12, 1007. 

8. H. P. 2028, 1870, 

0. K. P, 21.52, 187.5, 

10. U. ,S. P. 170812, 1870, 
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fates of sodkun, calcium or magtiesium. W. Hartmann' satur¬ 
ates the acid with iron salts, which upon further concentration 
separate out and protect the container against the action of the 
acid. The W. White method for solidifying acids to increase 
their safety during transport'' consists in mixing with the acid a 
salt which will crystallize with the water of the acid so as to 
solidify it. 

Action of Nitric Acid on Aluminium. R. Seligman and P. 
Williams’ have discussed the action of nitric acid and nitrating 
mixtures upon aluminium, and find that the most important con¬ 
dition upon the speed of solution is temperature, the rate of 
solution increasing by lOO'/o each 10° rise, over a considerable 
range of temperature. The life of aluminium vessels intended 
for storing nitric and nitrating acids may be materially augmented 
by attention to this factor. The most energetic solvents are 
mixtures (ontaining between 20'’o and 40% of nitric acid (sp. 
gr. 1.42) by volume, while acid of 95% llNOj was found to be 
almost without dissolving effect upon aluminium. The extreme 
inactivity of acid of this strength is apparently the reason the 
Norwegian manufacturers of synthetic nitric acid have employed 
aluminium containers for transportation purposes. As to the 
action of the normal impurities in nitric acid, the presence of 
chlorine up to 0.05% did not appreciably increase the solvent 
power of the nitric acid. Similarly, 0.01% iodine gave a negative 
result. Conversely, the pre.sence of- 0.04% sulfuric acid raised 
the dissolving power by about 70%. Lower nitrogen oxides in¬ 
crease the rate of attack. The effect of the physical state of the 
aluminium is important, the metal being much more easily attacked 
in the amorphous than in the crystalline state. In geneml, the 
purer the metal, the more resistant it is to the action of nitric 
acid. Mixed nitric and sulfuric acids attack aluminium much 
more energetically than either acid alone. 

A. Trillat' has exposed plates of commercial aluminium of 
99.7% purity in closed containers to the action of nitric acid of 
varying strengths and at various temperatures. The following 

1. I{. P. 2839, 1879; abst. J, A. C. S. 1880, 2, 301. 

2. U. S. P. 475.586, 1892. 

3. J. S. C. I. 1916, 35, 665; abst. C. A. 19m, 10, 2193. 

4. Bull. Soc. d’Encour. 1915, 547; abst. J. S. C. I. 1915, 34, 874. 
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(able indicates the loss of weight under the conditioifs stated: 


Spocific 
Gravity 
of Acid 

Temperature. 

C. 

Percentage I,os 

In IT) Days 

s of Weight 

In J {)') Days 

Loss of 
Weight 
in 15 Days. 
Crams pci 
vSquare Meter 
Surface 

1.52 

0 

0.,51 

1 .03 

15 

1.52 

f) 

0.92 

1 .57 

25 

1,52 

18 

1.42 

2..58 

38 

1. r>2 

28 

4.27 

0..54 

no 

1.30 

tS 

S.70 

10,70 

2S7 

1.39 

28 

31.10 

.58.,50 

845 

1.13 

18 

11.78 

22.40 

320 

1.13 

28 

40.10 

82.00 

1250 


It has been stated' that ahimininm is iinatlackeil by liquids 
containing not less than (>5'llNOj and not over r>‘}o NO 2 , and 
this claim has been patented. 

Properties of Nitric Acid. Pure, absolute nitric acid is 
almost impossible of iireparatioii, and is prone to decrease in 
strength, owing to the liberation of oxygen and the formation of 
hyjKmitric acid, thus causing the colorless acid to turn yellow 
or with larger amounts of nitrogen peroxide, red. By distillation 
in a current of CO 2 , US'/,, nitric acid may readily be obtained. 
I'Vactional crystallization gives a product of maximum purity and 
strength of 99.‘P'o 99..')*",' . .'\bsohite nitric acid exists only in the 
form of a snow white crystalline mass melting at —11°. On 
melting a }ellow licpiid results which is considered to be sub- 

I. Nor.'ik. Hydro Idfktrisk Kvaelslofaktk'sc'hkuh, K. P. 451812; abst. 
Moti. .Sci. 1912, 77, 7. According to C. Van Deventer (Chern. Weckblad, 
1907, 4, 09; J. S, C. I. 1907, 2S, 472) alnuiiiiiimi is slowly attacked by nitric 
acid of 20',,', 25',o strength at a temperature of 25° 50°, for the most part 
accoriling to the etiuation 

A1 + 4HNUs - AHNOdj + NO + 2H,,0. 

A small quantity of free nitrogen is also produced. At atmospheric pressure 
a small (piantity of ammonia is formed, Init practically none at higher pres¬ 
sures. 'W'ith nitric acid of a given concentration, therapidity of the action 
on the metal is proportional to the surface of the metal. Witli acid of dilTcr- 
ent, concentrations, the rapidity with which the metal is attacked is pro¬ 
portional to the concentration of the acid. For reaction of metals and alloys 
with nitric acid, see J. Stansbie, J. S. C. I. I'Jlli, 32, 311. Also J. S. C. I. 
HMK), 25, 1071; 1908, 27, 365; 1909, 28, 208. A. Kwart, Nature, 65, 128; 
Pharrn. J. 1902, 68, 82; J. S. C. I. 1902, 21, 368. 
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stantiall'; a solution of nitric anhydride and water in nitric acid.' 

Orthonitric acid N(OH)s, crystallizes in needles, stable below 
—1.')° and melting at - 

I'lie most coticentrated commercial acifl has, when pure and 
substantially free from-nitrogen peroxide, a sp. gr. of cor¬ 
responding to 94' ,' '.).V; absolute UNO;. It begins to boil 
slightly above S()“, the boiling point increasing as distillation 
proceeds until ;m acid of tiil'’; HNO.i is reached, the temperature 
meanwhile rising to 1211°. 

The density of normal nitric acid ((id.14 gm. jicr 1.) is l.OdlS 
at 1S.()°,'‘ 1.(1,424 at 1,S°.' Tables for various strengths of nitric 
acid are to be found in Chapter VIII of this volume. Nitric acid 
of high strength (sp. gr. I..’)!) l..-)2) is a powerful oxidizing agent, 
and will readily inflame combustible bodies as wood and straw. 
W. Boiisfickl*’has studied the density and viscosity of nitric acid 
solutions, while II. Creighton and J. Oithens'' have determined 
the boiling points and vapor tensions of nitric acids of earying 
concentrations and pressures. It has been found that nitrates 
dissolved in nitric acid increase its conductivity proportional to 
the amount dissolved. 

The purest attainable nitric acid is stated to boil at Sti® 

1. I". Kiister atid S. Miiiicti, Zts. unorK. Cheiii. ISMI."). 43, .'i.aO; a1)st. 

J. ,S. C. I. IIIO."), 24, 24.S. Kar frei'zinx paint curve see S. I’ickcriiiK, I. C. ,S. 
ISttd, 63, 44(). I'. Kiister aiui K. Kremaiiii, Zts. anar. Ciieni. ItXt!, 41, I. 

2. H. lirdmann, Zts. anarg. Chem. 1902, 32, 4.41; Zts. ang. Chein. 1004, 
16, loot. t'eley atid J. Maiilev, IVae. Rav. Sac. 1001, 69, -SO; ahsl. J. 
C. S. 1004, 83, 101.'). 

4. I*'. Krdilrauscli. VVietl. Ann. ISO.a, 26, 101; I’agg. .4nn. iSO.a. 125, 
020; Jahr. Chem. l-SOa, 18, 7.44. 

4. Iv. I.aamis, Wied. Ann. 1807, 60, .442, .447; abst. Jahr. Chem. 1.H<.I7, 
50, 08. C. Forch. Wied. Ann. 180.4, 55, 100; abst. Jahr. Chem. 1804, 48, 
04, W. Ostwahl, J. prakt. Chem. 1877. 124, 485. S. Arrlienins, Zts, physik, 
Chem. 1880, 4, 00. V. Velcy and J. Manley, I. C. .S. 1808, 74, ii, 2t(0; 
1901. 80, ii, 447; 1002, 82, ii, 14.4, 410. 

.4. J. C. -S. 101.4, 107, 1404, 1781; abst. C. A. 1014, 8, 28,4, 2004, 42.48, 
4490; 191.4, 9, 41.40; J. S. C. I. 1010, 35, 110. See alsa Chem. News, bSOO, 
14, 9.4; 1807, 15, 1.40. 

0. J. Frank. Inst. 101.4, 161, 704; abst. Chem. Trade J. 101.4, 104. K. 
Bouty, Compt. rend. 1888, 106, 49.4, 0.4t. T. (Iraham, Phil. Trans. 1801, 

I. 44, 474. R. Reyher, Zts. phys. Chem. 1.888,2, 744; S. Pagliani and K. 
Oddotie, Wied. Ann. Bcibl. 1887, 11, 41.4; abst. Jahr. Chem. 1887, 40, 1.4.4. A. 
.SaposhnikofT, Zts. physik. Chem. 190.4, 53, 22.4. F'ar oxidation of dilute 
nitric acid in sunlight, sec A. Benrath, J. prakt. Chem. 1911, 192, 424; abst. 

J, .S. C. I. 1911. 30, 1141. For electrolysis of nitric acid, refer to F. Jellery, 
J. S. C. I. 191.4, 34, 1100. The elTect of temperature an tlic equilibrium 
of nitric and nitrous acids has been studied by F. Briner and K. Durand, 
Compt. rend. 1912, 155, .482, 149.4; abst. J. S. C i. 1012, 31, 981; 1914, 32, 82. 
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with partial decomposition.' Nitric acid lias been slio\vi)»by the 
usual methods (rate of hydrolysis of methyl acetate, inversion of 
cane sunar, freezing; point lowerinj; and condnctivity) to be the 
strongest known acid. It dissolves readily in ether, and the 
'ether-water partition coeincieiits have been determined.' .'\ll its 
salts are soluble and there is little teiKlency to form com¬ 
plexes. 

()ne of the chief characteristics of nitric acid is its remarkable 
o.xidi/.iiiK i>ow'er, beinj; itself capable of reduction to IIN'tb, Ntb, 
NO, N-jO, lljNjtb, Nll'iOII, N.j and Nil;." Nitric acid is not 
alTected l)y hvdroyen at ordinary temperatures or at 10(1“,^ but 
is reduced bv it to anniKmia bv platinum sponj;e.’ Nitric acid 
forms nitroderivatives with many orpuuiic compounds. With 
cellulose and other carbohydrates, nitric acid alone causes rcrluc- 
tion and the formation of such acids as (.)xalii-. In the presence 
of sulfuric acid as a dehvdratiuji af;eut, however, substitution 
takes place, a series of nitro 'irc introduced, ;iml inllam- 

mable and combustible but hiyhly stable esters result. Nitric 
acid with alcohols yield esters, none of which at the present time 
are used to any’ considerable extent as cellulose ester solvents. 
Kthyl and amyl nitrates have been patented as solvents, but were 

1. It. Ivifinianii. '/A^- aiiorsc tMieai. lni)2. 32, tSl. J. Itriilil, Zts. 
PIivs. Cln iii. I.S97, 22, aTS. \’. \'<-lev ami J. Manky, key. S(X’. I'.iOl, 

69, S(). 

S. HeKclaii, Zts. Ivlektrodieni. imi.y 11, .H21; lUir,, 12, tWI. 
Hant/.scli ami 1'. Sdialdl, Zls. Plivs, Clu'iii. ISUU, 30, 

R. Ilile. Zls. I’livs. ciu'in. I.S'Ml, 19, ;ilist Jalir. Clu-iii. IWKi, 
49, 101 ; J. C. S. IKOO, 70, ii, 10(1- 
• 1. M. Herthclet, t-'()iii|>(. remi. 1.SOS. 127, 27. 

.a. R. Wanner, Dinnl- Roly. 1.S07. 183, 70. .Meister, i.ueinstV Brueii- 
ing, Iv. R. 10.”)22, loll. Mueller ami J. VVeOer. Zts. lileklroehein. 1002, 
9, 0.7.7. W. .Mueller, Zts. lileklroelimu. 10(12, 9, 07S. I'. Mueller ami Ic 
.Spit/er. Zls. Rlektreelieni. 100.7, 11, .700; Her. 100.7, 38, 1100, J. Tafel, 
Zts. auoig. Clieiu. 1002, 31, 2,S0. R. WeOei*, Rogg. .tuu. l.SO,, 130, 27 1 . 
I*'or solution of metals iti iiilrie aeid, sr-e N Tautgi. C7a/.z. ehiiu ilal. 1002, 
33, (ii,). 171. 1C. Millou. J. oliartu. ehiiu lSt2. (iii).2, 170. \', \‘eley, Traits. 

Roy. ,Soe. hSOl. 182-A, 270. J. .\ckivortli ami II. .\riustroug, J. C. S. IS77, 
32, .7-1. C Moutemarliui, ,tlti. R. .-teeail. I.iueei, IS'.(2. (7), 1, i. 02. C. 
Walker. J. C. ,S, IS02. 63, ,SI.7. R, I'reer ami ('.. Iligley, .7mer. Chem. J. 
hSOO. 21, 277. y. Hiilert, Zls. Rhvs. Clieiu. hSOO. 31, 121. J. Glaiisloue, 
Rliil. Mag. loot), fy), 50, 221, J. .Staushie, J. S, C. 1. lOOS, 27, 207; 1000, 
28, 271. 1C. Reiiiiie. A. lliggiii ami W. Cooke, J. C. ,S. lOOS. 93, 1102. W. 

Duustau ami .1. Hill, J. C, ,S. 1011. 99, 1,S72. Ror the electrolytic reihietiim 
of iiifric aeid, see II. I’atteu, Trails, .ttiier. ICIeetnx-heiii. Sue. 1007, 12, 227; 
ahst. J, ,S, C. 1. lOOS, 27, 777, h'or stahility of iiitrie aeid in acetic aeid sulu- 
lioii, refer to K* Orton and W, Gray, .'Viial. 1012, 37, 20.'i; J. S. C. I, 1012, 
31, 7 IS. 
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soon discarded for this purpose on account of instability. 

According to G. Baxter and F. Grover,* but refuted by J. 
Jannek and J. Meyer,^ nitric acid when concentrated by distilla¬ 
tion through quartz tubes contains unwcighable amounts of im¬ 
purities, and the acid distilled through platinum is equally pure, 
except minute traces of dissolved base metals.^ The decompo¬ 
sition of nitric acid by light has, of course, lieen familiar for some 
time, but apparently was not closely examined until ISOS,* when 
M. Berthelot showed that the products of decomposition of this 
acid under the influence of light are O, NO 2 and water, and that 
these same products are obtained when the anhydrous acid is 
heated in vacuum tubes at 100° for some hours in the dark. The 
action, which is not reversible, may be represented as follows; 

tHNCb = 2H2O -f 2N..04 + O'. 


V. Veley aiul J. Manley'' have observed that light appears 
to act only on the vapor of tlic acid, and not on the liquid. \V. 
Reynolds and W. Taylor," in attempts to prepare especiall)' pure 

1. J. .V. C. .'t, lul l, 36, inS!); Chem. ZtK. Uep. Htl.',. 39, 

2. Zts. aiiorx. Chem. Iitl3,83, 71; Ikr. 46, 2K7(i; C. .t. I'.Ut, 8, 
•SKi; Clu'iii. Zeiitr. I!)!.'!, 84, II, 1022; J. S. C. I. 1012, 32, 82,‘>. 

2. H. CrdKhtoii ami II, Smith, J. Frank. Inst. lOl.j, 180, 70;j; abst. 
J. S. C. 1. 101'), 34, 277, 1010, 36, 110. W. keyiiohls ami II. Taylor, Chem. 
News, 1011. 104, 31.7. K. StOiaefer, Zls. anorx. Chem. lOIO, 28.7; abst. C. 
A, lOlO, 10, iSl.S; 1017, 11, 42.'> K. Sehaefer ami .S. DeiohsL-l, Zts. atiors. 
Chem. 1010, 98, 70; 1. C. S. 1017, 112, ii, 180; J. S. C. I. 1017, 11, Otl. .1. 
Withrow. J. Iricl.Kiig.Chem. 1017,9,771; abst.J.S.C. I. 1017,36, 100.7; C. A. 
1917, 11, 2718. Chem. News, 18,87, 55, 188; 1887, 56, 140; 18.88, 58, 202; 
1889, 59, 02: 1.880, 60, 12; 1890, 61, 210; 1891, 63, 210, 20.7; 1.802, 65, 71; 
1001, 64, 227; 1807. 71, 292, 207. H. Creighton ami ]. (lithens have plotteil 
out isobaric curves showing the change in the boiling j)oint with variation 
in the composition; they are a|)proximately parallel, ami their .shape is that 
■characteristic of mixtures exhibiting a maximum boiling point. Tlie boiling 
IJoint of the pure acid was found to be 82.7” at 077 mm., and the highest 
l>oiting point was obtained with a mixture containing 00.21', HNOi (121.8° 
at 760 mm.). Determinations were also made of the boiling point and com 
I)ositiou of the mixture of maximum boiling point at 700, 200 and 110 mm 
pressure, .700 cc. of mixture with 00' i to 80'i of nitric acid being distilled 
until only 17 to 20 cc. remained, and the acid content of the residue deter¬ 
mined with standard barium hydroxide. The results confirmed the evidence 
given by the earlier experiments that the composition of the mixtures of 
maximum boiling point changes but slightly with the pressure. The mean 
results obtained, in good agreement with tiiose recorded by H. Uoscoe (J. 
Chem. Soc. 1861, 13, HO;, were: at 700 mm , 00.18'; IINtb, b. pt. 121.70°; 
at .260 nun., 67.1.5'/,, HNOj, b. pt. 99 9°; at 110 mm., 00.SO',,. H.NOs, b. pt. 
74.2°. 

4. Compt. rend. 1898, 127, 142. 

5. Phil. Trans. 1898, 191, 365. ' 

6. J. C. S. 1912, 101, 131; abst. J. S. C. I.,J912, 31, 26. 
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nitric acid, came, to the conclusion tliat’ appreciahle deconipo.si- 
tion .of the distillate takes place tlirouKh the action of’dilTused 
daylight. 

Storage and Transportation of Nitric Acid. Concentrated 
nitric acid may be stored and transported in cast iron, wrought 
iron or even in lead vessels under certain conditions as to the 
concentration of the acid and its freedom from inijwrities, but 
dilution of the acid as by exposure to moisture often causes 
violent action. 

II. Baggelcy' has proposed a compound of fireclay and Corn¬ 
wall or China stone to which a little asbestos or aluminium sili¬ 
cate may be added, as a composition for acid tanks. Crushed 
slate or other schistose material;- a concrete eomiiosed of finely 
divided magnesia and silica mi.xcd with mineral wax and sulfur;^ 
artificial stone composed of serpentine, soapstone, feldspar, mica, 
quart/, and fireclay intimately mixed, ground and baked;' or 
artificial sandstone preferably gla/ed'' lia\'e also been ad\ocate<l as 
materials for container for the corrosive inorganic acids. 

Aluminium, cither alone," or copper-aluminium,' or aluin- 
inium-bron/e alloys,* have been extensively employed for acid 
resisting containers, C. Kellner’ having patented for this pur¬ 
pose an acid-proof aluminium-silicate composition formed In 
mixing ground slate with water-glass and Portland cement. \'ar- 
ious alloys have been put forward from time to time as especially 
advantageous for this purpose, R. Crimshaw'" recommending a 

1. Iv. P. 405, 1870. 

2. R. Crompton ami B. Jeiikiirson, ii. P. 17t)2.'!, ISSU. 

3. W. Woods, K. P. 25013, 181)5. 

4. B. Hess, i;. P. 2321, 1883. K. de Haen, I). R. P. l‘.iri»7-l, IDOti; ■ 
abst. J. S. C. I. lotw, 27, 795; Chem. Zentr. 1908, 79, I, 1.588; Chem. Ztg. 
Hep. 190,8, 32, 28(1; Jahr. Chem. 190,>-19(I8, 1, 19,88; Zts. .Solncss. .Sproiig. 
190.8, 3, 214. 

5. K. Erichsen, E. P. 138, 1874, 

0, Norsk. Hydro-Elektrisk Kvlilstofakticselskab, ,Vor\v. P.22,894, 1911; 
abst. C. A. 1913, 7, 2289. 

7. Z. d’Amico, D. R. P. 24.88.57, 273292; abst. C. A. 1913. 7, 279; 1914, 
8, 2809; Chem. Zentr. 1912, 83, 11. 402; 1914. 85, 1. 1790; Chem. Ztg. Rep. 
1942, 36, 475; 1914, 38, 316; Wag. Jahr. 1912. 58, 1, 304; 1914, €0, I, 28.>; 
Zts. aiig. Chem. 1912, 25, 1705; 1914, 27, 3,57. 

8. J. Whitley, E. P. 10022, 1,8.80. 

9. C. Kellner, E- P. 6952, 1890. Eor formulas for acid resisting 

cements, see A. Holley and H. Webb, U. fi. P. 1287995, 12.8,8413; abst. C. A. 
1919, 13, 504. , , ^ 

10. Chemj Eng. 17, No. 2; Chem. News, 1913, 2,83. Metal Ind. 10, 
498; abst. C. A. 1913, 7, 584. 
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cobalt-copper-tin combination, while plated zinc-alloy,' lead 
alloy,lead»coatcd with giitta percha,'' chromium-iron,^ carrying 
2%~o%. molybdenum, lead with 2'/p antimony,’ lead-copper- 
antimony," lead-antimony-graphite,' or metals (rf the nickel group 
with small amounts of ,the platinum series of metals," have also 
been patented for this purpose. 

Iron rendered passive in various ways, or silica, or the two 
combined have given excellent results for both weak and concen¬ 
trated acids. Iron electrolytically coated wdth a noble metal,® or 
previously heated to incandescence to deposit on the surface an 
acid-resisting coating of oxide;'" or iron vessels lined with sulfur," 
or gutta percha'- have been proposed. Corrosiron,'" duriron, tant- 
iron or “neutral iron”" are high silicon-iron alloys containing from 
iS',( ( silicon. Their greatest drawback is brittleness.''’ Car- 

1. J. Weems, !•;. P. IWil. 

2. I. iuifl J. McDouxall, K. Hartley and T. Suxdeii, 1C. 1’. TOlil, ISSX. 

.'i. T. Hell, 1C. P. 2.'i.><), The I. Wolf a|)i>aralus for storiiiR ami 

transporlintf corrosive chemicals, 1'. S. P. I^S.a.'siT; abst. C. I'.IH), 13, 202. 

4. W. Borclicr.s .ami P. .Momiartz, 1). R. P. 2ll>0.i."): abst. C A. 1012, 
6, 2.'i02; Chem. geiitr. 1012, 83, 1, l.jOO; Chem. Ztt!- Rep. 1012, 36, .'ilO; Wag. 
Jahr. 1012, 58, I, 277; Zts. aiig. Chem. 1012, 25, 1214, 

.a. IC. Hovt, Brass World, June lOl.i, 

ti. H. ICgells, K. P. .‘>804, 18,S;l. 

7. R. Mever, 1C. P. 14.88, 1880. 

8. W. and R. Borehers, I). R. P. 2fir)07(), 207,828, 278002, 278008; 
abst. Chem. Zentr. 1018, 84, 11. 1444. 1.581; 1014, 85, II, 1088; Chem. Ztg. 
Re[i. 1018, 37, .500; 1014, 38, .524; Wag. Jahr. 1018, 59, 1, 8.50; 1014, 60, I, 
27.5; Zts. ang. Chem. 1018, 26, 000; 1014, 27, (i8.5. 

0. P. Busch. E. P. 180, 1808. 

10. Soc. Anon, de Prodnits Chim. dc Droogenboseh, 1C. P. 2.50'.)4, 1,800. 

11. 1C. Parnell, 1C. P. 44.5, 1870. 

12. J. Shcdhxk, IC. P. .5408, 1880. 

18. Chem. Trade J. 59, 7. 

. 14. W. .Strzcxla, 1C. P. 20782, 1018; abst. J. .S. C. 1. 1014, 33, 018. 1). 

R. P. 272158; abst. C. A. 1011, 8, 2008; Chem. Zentr. Bli t, 85, I, 1.802; 
Chern. Ztg. Rep. 1014, 38, 20il. 

15. jf. Brown, Science, 1010, 43, 77)8; abst. C. A. 1017, 11, 2001. .Studies 
of the pro|K'rties of iron in nitric acid of various dilutions were made with 
a view to throwing light on the subject of passivity. The electromotive 
force of the cell-, iron-, nitric acid solution-, concentrated nitric acid-platinum 
was measured at room tem|)eratnrc, using tntric acid solutions of densities 
varying from 1.01 to l .-tl with the iron both at rest and in motion. With 
the iron kept at rest in acids up to 1.17 the presence of ferric nitrate increas<t« 
the electromotive force in acids denser than 1.17, the electromotive force 
is lowered by a substance, possibly a ba.sic ferric nitrate comitound, which 
forms a red litjuid fdm over the oxidized surface of the iron. In acids denser 
than 1.5 an exitlosive action takes place between the ferrie oxide and the 
red lirjtiid, after which the iron assumes the passive state and the electro 
motive force after falling to a minimum, rises slowly to a constant. The pres 
ence of a protective film on the [lassive iron cannot be detected, but the rist 



nitric acid 


'.)r)7 


bon silicide,' artificial stone Ingli ni silica ;• wood covered with 
silicate ol potash;' ground glass or (lint admixed with liftumen;' 
or silicate of soda;'’ pure silica in the fused state;" or pig-iron rich 
in silicon,’ up to lo'/V ," or iron pro])erly protected with gutta 
percha have given excellent results in ])racticc. O. Kowalke’ 

* has recorded the acid-resisting properties of iron-silicon alloys. 
N. vSwindin''’has detailed drawings and suggestions for the design 
of pipes, pans, vessels and stills for nitric and sulfuric acid con¬ 
centration using ferro-silicon alloys. H. Cuau" enamels sheet 
iron, while M. Audouin” alloys chromium oxide with iron oxide 
as in chrome iron ore for the prejiaration of acid repcllant v.essels. 
For the concentration, espcciallv of sulfuric acid and its 

in (lu‘ j)oU-ntial sei'ins to indicate the c.\i>u)sion of a j^as from the metal. 
I'or properties of "lanliron.” see Ji^Kineerin^^ l!M.S. lOG, lof; CIk'DI. Zentr. 

90, II. 2”)"), W. Carnell, J. Iml. I{n^. Chein. I'.lUi, 8, '.i22. C'hem. 
Zentr. HHS. 89, I. S.S7. “Monel” metal, J. Arnot, Ivnj.dneering, I'.IIH. 108, 
-I.-)! : Cliem. Zentr. 90, I, 27:i 

1. vSiemen.s cV Co.. IC V. hM).'.; abst. J. S, C. I. 25, 122. 

2. V. Jurseliina and R. von Cuneseh, Iv. P. Ui-lbS, IS'.H). 

Soe. Anon, de Hmlnits Arehanihanlt. Iv I^ 2111.^, ah.st. J. vS. 

C. I. PM)1. 20, 2o2. 

■i. J. Strin^^fellow, }*'. P. 2dOSI, l.SPS, The S. Viesi system of elevating 
and trans))ortinK corrosive and explosive lifpiids is detailed in Pel^. P. 2’)r>H.‘II, 
I‘M:P 

o. K. Pan/.I and A. Torelseher, Iv 1‘. •>'.l7r>, I'.XH); ulist. J. 8. C. I. 1901, 
20, 27; Chem. Zl^. l90i, 25, o70. 

0. I. SehlossherKV Iv P. 0919. I'.M.S; alfst. C. A. 19! 1, 8 , 29;;2: J. S. C. 

I. 1910, 32, 979. 

7. H, Celsniann, Jv P. 22. ISSO. 

•S. II. relsniann. Jv P. 8-150, 1X80. British Dves. bid., J. Turner and 

J. West fK. P. 124997; abst. J. S. C. I. liH9. 38, IJlO-Ai have tieseribed a 
lank for transportinK liquids by rail. 

9. (). Kowalke, Amer. Ivleetroeheni. .‘^'oe. May 1917. abst. j. S. C. I 

1917. 36, 10‘.>7. A number of iron silicon alloys, eontaiiiiuK P2'7 19.8'< 

*siIieon, were immersed in 10'^ solutions of sulfuric, hydroelilorie, nitric, 
acetic and citric acids for jicriod-s ran^iiiK from 51 hours to 2!* days at 20" 
to 85" C.. and the losses determined. W'itli few irrcgnlaiitics the resistance 
to aeid attack was a minimum at 1.2'< tu 8.8'< silicon and a Tiiaxinunn at 
10',7 silicon. The alloys were made from electrolytic iron and ferro- 

silicon melted together in graphite crucibles lined witli magnesium oxideand cast 
in a gra])hile mould. The alloys of low silicon content nuulc goffd soft cast¬ 
ings, but ab<)ve 8.5>', silicon the ;dloys were brittle; the test i)icccs of the 
brittle alloys were ground to obtain fairly smooth surface. 9he alhjys con¬ 
taining 8'f io 5'T silicon were not excessively brittle, Iml WTre very readily 
attacked by sulfuric, hydrochloric, acetic aiul citric acids. 9 he alloys con¬ 
taining J()bc>-18% silicon were exceedingly resistant to mineral acids, but 
were so brittle that they could not be machined. 

10. Chem. Trade J. 1910, 59, 828; Mel. Chem. Kng. 1910, 15, 047; 
abst. C. A. 1917. 11, 1. 

fl. I-:. V. 2892, 187S. 

12. Iv. P. J89.S. 1870. 
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Storage, wood vessels lined with lead,* or coated with mixtures of 
asbesto^'with shellac,''* or paraffin,’ or celluloid,* or a mixture of 
asbestos, clfly, liquid silicate and glycerol.’ Nitrocellulose," and 
celluloid;* silicates and celluloid," or molten sulfur have also been 
proposed, but not extensively used for this" purpose. Rubber,'" 
especially after vulcanization;** India rubber paints;*" india rubber, 
asbestos and sulfur;*’ and other rubber-containing compounds,** 
have especially more recently been highly recommended for their 
durability and value with acids of varying degrees of strength. 
Ebonite*’ or paraffinsulfur and graphite;** Trinidad asphalt,*" or 
bitumen and paraffin;*" rosin and turpentine;"" “stearic pitch 
paint;”"* sulfur and linseed oil;"" litharge and linseed oil;"" either 
with or without pitch"* have received patent protection as espec¬ 
ially meritorious combinations for this purpose. 

Glass,"’ which may be coated with paraffin"" as acid containers, 
has a limitation as to size. R. Jordan coated the glass with 

1. K Weure, E. P. 2.52, 187.5. .See “Acid-proof Alloys," C. Rossi, E. 
P. 1217.30, 1018; abst. C. A. 1919, 13, SIO. 

2. R. Rhodes and (1. Kinswangcr, K. P. 2,501, 1882. 

;i. E. Borsari, li. P. 14919, 1899. 

4. I). Hawes, IC. P. 1228, 189(5. 

r>. G. Meyer, IC. P. 941, 1883. 

0. A. Oblasser and C. Thcryc, E. P. 19242, 1892. 

7. P. Eunfak, E. P. 2.5031, 1890. 

8. e;. h'ahris, E. P. 1897, 1890. 

9. T. Owen, E. P. 21294, 1892. 

10. G. Thomson and G. Watson, Iv. P. 2913, 1874. 

11. W. Haylnirst, Iv. P. 109194, 1917; abst. J. S. C. I. 1917, 36, 1121; 
C. A. 1918,12,3. 

12. Ernst, Chem. Ai)paratur, 1916, 93; Zts. aiig. Chern. 1916, 28, ii, .370. 

1.3. T. Mercicr, E. P. 3748, 1893. • 

14. M. Dittenhoefer, li. P. 2992, 1888. J. Knight, E. P. 852, 1861. 
H. Traun, E. P. 20.577, 1908; abst. J. S. C. I. 1910, 29, 141. 

1.5. E. and !■'. Wellcba and E. UITenheimer, IC. P. 7208, 1890. 

10. J. Holden, S. Turtori and J. Barber, Ii. P. 2288, 1877. 

17. ,S. Tanari, E. P. 107370, 1917; abst. J. S. C. I. 1918, 37, 188-A; Jap. 
P. 29980, 1910; abst. C. A. 1917, U, ,543. 

18. Min. and Eng. World, Mar. 28, 1914; abst. J. S. C. I. 1914, 33, 
420. .See also Ghent, News, 1808, 17, 266, 290; 1871, 24, 47, 74. 

19. J. Eield, Iv. P. 216.50, 1902; abst. J. S. C. I. 1903, 22, 1188. 

20. Iv. Bonsteiii, U. S. P. 120784,5; abst. C. A. 1917, 11, 543. 

21. C. Morfit, E. P. 2.545, 1872. 

22. E. Eefelmann, E. P. 1828, 1900; abst. J. S. C. I. 1901, 20, 233. 

23. C. Grist, E. P. 21742, 1895. 

24. E. Tcisler, E. P. 7.597, 1900. 

25. J. Holden, E. P. 3834, 1870, For properties of monel metal, con¬ 
sult J. Arnott, Ivngineering, 1918, 106, 451; abst C. A, 1919, 13, 220. 

26. J. Holden, Iv. P. 1800, 1878. 
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asphalt-cement;' C. Meigs^ mixes finely divided silica, apatite 
and, sodium silicate; or by first treating the silica with a'chloride, 
nitrate or sulfate;’ while I. vSehlossberg'* coinhines silicic anhydride 
with soluble glass, saturates with flnosilicic acid, then roasts. 
Wood oil’’ has been patented as a material for rendering wooden 
vessels chemical proof. To render valves acid-proof, (j. Kessler® 
covers the exposed surfaces with mica flakes cemented together 
by means of an acid resisting binder. Asjflialt, calcium sulfate 
and fine silica makes an excellent composition for lining acid 
containers.' 

The acid vessels of the Parazone Co.,* Hart Accumulator Co.,* 
J. Paterson and A. Oke,'“ J. Larkin," J. Field," and the Berliner 
Apparatebau Ges.” offer little that is new. 11. Morris" has pro¬ 
posed subaqueous tanks for the transportation nitric acid. 
The Aktienges. fuer Anilin-fabrikation" describe an aspirator con¬ 
nected siphon for emptying acid carboys, while the Badisehe 
Anilin- und ,Soda-fabrik‘® liaxe devized an apjjaratus for running 
off acids consisting of a disc protecting the workmen from any 
acid squirting out and against the inhalation of acid fumes. The 
W. Pilkington glass acid duct.'” the detachable hood for acid ves- 
•Sels of W. Lynes,'* the Iv. Keller acid collecting apparatus,the 


1. D. K. 1*. 28080;L abst. Clu-iii. Zciitr. 86, I, 1.S4; Cliein, ZtB. 

Rep. I'JWi, 39, (i; Zts. ang. C'licni. 11)1;"), 28, 118. 

2. P, S. P. 12:17078, 1017; abst. C. A, 1017, 11, 2'.MS, J, .S. C. I. 1017, 
35, 1010. 

;i C. Meigs, P. S. P. 1252013; abst. C. A. 1018, 12, 7.57; J. S. C, I. 
1018, 37, 12,5-A. 

■1. K. P, 9304, 1000; abst. J. S. C. I. 1000. 28, 1200. 

5. A. Kroiistein, li. P. 2070, 1001; abst. J. S. C. 1. 1001, 20, 400. 
ti. G. Kessler, U. R. P, 2.S0500, 10i:.i; abst. C. A. 1010. 10, 2544; Cliera. 
Zeiitr. 1910, 87, I, 319; Cheiii. Ztg. Reii. 1010, 40, 73. 

7. II. S. P. 1185722, 1910, abst. C. A. 1010, 11, 2028. 

8. Parozoiie Co. anti H. Gardiner, Iv. P. 18201, 1801. 

9. 1C. Clark and Hart Aceunuilator Co., 1C. P. 15512, i'.lOl. 

10. JC. P. 3491, 1897. 

11. J. Parkin, E. P. 7323, 1892. 

12. 1C. P. 210.50, 1902; abst. J. S. C. I. 1003, 22, 1188. 

13. K. P. 13989, 1005. 

14 J a C. I. 1910, 35, 1243. IT. Morris and N. Turnbull, 1',. P. 100,ial; 
illjst. J. S. C, I. 1917, 36, 098. , , 

1,5. D. R. P. 258341; abst. C. A. 1013, 7, 2711; Cliem. Zentr. 101.1, 84, 

1, 1478; Chcra. Ztg. Rep. 1913, 37, 244; Wag. Jalir. 1913, 59, I, OOa; Zts. 

ang, Chem, 1913,26,281. , , , „ . 

16. Zts. f. Gewerlx-hvg. 1912, ,85; Cheni. Ztg. Rep. 1912. 36, 41n. 

'17. E. P. 2111, 1874. 

18, E. P. 14015, 1902; abst. J. ,S. C. 1. 190.3. 22, 4,84 

19. H. S. P. 12472.80, 1917; altsl. J. 8. C. I. 1918, 37, .50-A, 
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P. Channon syphon for corrosive licpiids,' and the' acid containing 
vessels di A. Bonteinpi,- O. I,iddiard,“ and J. Marx/ are best 
understood from reference to the original drawings and patent 
descriptions, h'. Roth'’ has described a brush for applying cor¬ 
rosive liquids in which the bristles arc glass and fused to a glass 
tube. Drawiiigs, description and explanation of the action of ' 
various acid eggs, elevators and gas compressors for both inter¬ 
mittent and continuous discharge for the handling of acids tire 
to be found in Met. Chem. I'ing. 8, .’IT."). 

In contradistinction to the ’ difficulties encountered in the 
storage and transportation of nitric acid, mixc<l nitrating acid, 
sulfuric acid and oleum on the contrary, have a diminished cor¬ 
rosive action on wrought iron. For their transportation, there¬ 
fore, special composition railway tank cars consisting of large 
boiler-like vessels are used, of cai>acity up to .10 tons of acid per 
tank car. Storage may be effected in similar vessels, being trans¬ 
ferred from the tank cars by means of compressed air (“blown 
over"). With the more concentrated sulfuric acids and oleums, 
these cars have steam pipes contained therein, so that the sj)lid 
mass in cold weather may be liquefied by heat and this condition 
transferred by com])ressed air from one container to another. 
Where possible, acid storage capacity is usually placed t>u such 
elevations that, with respect to the nitrating houses, gravity flow 
may be taken advantage of. Wlierc mixtures high in S( are 
operated upon, highly irritating white fumes are evolved and 
escape as soon as the compressed air is turned off. 'I'his incon¬ 
venience may be partially obviate<l by inter])osing a container 
of concentrated sulfuric acid, which acts as an absorbent." 

Fuming Nitric Acid is a red fuming liquid, possessing pow- 

1. K. P. 1I2I88, 1917; ahsl. J. .S, C. I. 19l«, 37, Xl-A. 

2. Iv. P. 18742, HKMi; abst. J. S. C. I. 1907, 26, ;i2.7. 

:i. K. P. 14092, 190.5; abst. J. S. C. 1. 19(H), 25, 107. 

4. li. P. 22040, 1897. 

,5. K. P. 24.5.58, 1911. 

0. Anon., Met. Chem. Enx. 1910. 8, .'17.5; abst. C. A. 1910. 4, 20:i0. 
See also: M. Prentice, K. P. 4.'i92, 187.5. (1. Adamson, P. ,S. P. 8-10.541. 
Vorster and Onmeberg, D. K. P. 24748; abst. Mon. Sci. 18,84 , 26, .510; Wag. 
Jahr. 1888, 2$, .1.50. F. Hale and -A. Scott, li. ]’. 21.179, 2.5.180, 1910; abst. 

C. A. 1912, 6, 1.504, 1.50.5; J. S. C. I. 1911, 30, 1251; Chem. Ztg. Rep. 1912, 

35, 170,194. C. Schartler, Zts. ang. Chem. 1901,14,729. The H. Tobleracid 
pump is described in U. S, P. 128214.5, 1918; Can. P. 198770, 1920; abst. 

J. S. C. I. 1919, 38, 14-A. The pump comprizes two cylinders having sim¬ 
ilarly arranged inlets and outlets, each are provided with an iitternal flc.xible 
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orfuj oxkli/.iiif; projicrlic-s, and produced by adding UNtb, Nd).) 
or N(J to nitric acid; by distilling niter with acid potassium 
sulfate; or by adding kieselgulir iireviously saturated with for¬ 
maldehyde, to concentrated nitric acid.' .\s prepared by any 
of the above methods it contains varying amounts of NO 2 ,- and 
in the case wdiere NO is used in its jireparation, may be supposed 
to be formerl either !))■ the direet union with oxygen, or as repre¬ 
sented by the e(|uation 

2N() f UNO;, + II-O = ;jHN(b 
the latter then giving XO^ with the excess of nitric aciif. The 
iutenuediate production of nitrous acid is showai by the addition 
of waiter to the combination, which turns green, blue, and finally 
becomes colorless, ‘ 

S]X‘cilic gravity tables for fuming nitric acid have been pre¬ 
pared by Lunge and L. Marchlewski,' and are given in Chapter 
VIII of this volume, luiming nitric acid powerfully oxidi/.es 
organic compounds to CO-; and water, any sulfur or phosphorus 
present being oxidizerl to sulfuric and phosphoric acids re¬ 
spectively.' h'uming nitrii' acid is never used as a constituent 
lube coiiiuctinK 11 k‘ inltl ;nnl outlet, Tlu- inlets ;ire coiiiRcted with a pipe 
suiiplyiii^ the liquid to be pumped and tlie outlets with a discharKe pipe, 
d'he cylinders arc connected resjiectively with the o])j)osite ends of a tliird 
cylinder ])rovi<led with a reciprocatiuK piston which alternately forces water 
or other suitable litjuid into and withdraws it from tlie cylinders containinj; 
the llcxible tubes, The Hcxible tubt's are conseqtieiilly alternately coutraetetl 
and exi)anded. and the acid li(jiiid is discharKod through the outU't coii- 
uected W'ith the contracted tul)e ami a fresh quantity drawn in llirough 
the inlet connected with the expandefi tube. The construction of tlu* A. 
Mauser metallic lrans])()rt vessel for acid is described in I). R. P. 
l!Hl;al)st. C. A. 11H {, 8, bS'JJ ; Chem./tg. Rep, 38, (>2. I'c*r apparatus 

for pumping corrosive lif|uids. see A, Human, (>. Cross. I’. vS. P. ld2d<S()4, 
Iblb; K. P. llol’AI. MHZ; abst. J. S. C. P MHX. 37, doS-A; 1<)2I). 39, obA. 

1. b. Vanino, Her. 32, id!)2. Compare IP Mits< herlich, Pogg. 

Ann. bS,U). 18, 157. C. Hrunner, J, prakf. Chem. 1X54.63,2X4; jahr. Cliem. 
1X51. 7, did: Dingl. Poly. IXbl. 159, d55; jahr. Chem. ]X(>l.'l4, 154; Iv 
Xchaller, Chem. Ztg. MM)4. 28, 5‘M. I>. (»emcz, Jahr. Chem. 1X72. 25, 127. 

R. Haas, Per. IXXl. 14, 5q7. (P I.echartier, Compl. rend. IXSb, 102, 5dtb 
b. Archbutt, J. vS. C. I. IXtHk 15, X4; Jahr. Cliem. IXPZ, 50, 5()X. 

2. b. Marchlewski. Zts. anorg. Chem. 1X5)2. 1, dtid; Per. 1X5)1, 24, 
2274; Jalir. Chem. 1X5)2 , 45, 55)7. 

d. b. M.archlewski and P. biljenstein. Zts. anorg. Chem. 1X5)2, 2, IX; 
1X5)4. 5, 2XX. 

4. Zts. ang. Chem. 1X5)2. 1, dlid. Refi-r to C. Monteinartiih, Atti 
Acoad. dei bincei, 1X5)2. A, bd. A. HolTmann, Per. 1X70, 3, {)5X; K. Kraut. 
Per. IXXl. 14, 21)1; Arch. Pharm. (d), 24, XOI. 

5. b. (iarius, Pi‘r lX7t), 3, b5)7. See Chem. News, P.K)!), 81, 110. 
K. blind. Dingl. I\>ly. 1X72^ 207, 512: jahr. Chem. 1X72, 26, 1015. S. Keldhaus. 
Zts. anal. Chem. 1X1)2, 1, 420. Vercin Chcmischer P'abrik in Mannheim, 
PeIg^ P. 2500X2, P.)I2i vSwiss P. 05017, OiSXdO. 
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of nitrating baths for the fomiation of nitrocelluloses or in the 
nitration of carbohydrates. 

Detection of Nitrous Acid. The following four tests are 
reliable: 

T. Acetic Acid 'J'c.sf. Acetic acid added to a nitrite in a 
test tube inclined as indicated under the ferrous sulfate test for 
nitric acid produces a brown ring, which nitrates do not give. 
If potassium i(.Klide is present iodine is liberated. The free 
iodine may be absorbed by chloroform, carbon tetrachloride, 
tetrach'.orethane or carbon bi.sulfide, and colors the reagents pink. 
.Starch solution is colored blue. 

2. Polassiiiin Permanganate Test. Sulfuric acid solutions of 
potassium permanganate are decolorized by nitrous acid or a 
nitrite. This test detects nitrous in nitric acid, in the absence 
of other reducing substances. 

j. Diniethykiniline Test.^ 8 gin. dimethylaniline and 4 gm. 
IlCl are made up to 100 cc. with water, of which reagent 3 drops 
together with 1 drop HCl is added to 50 cc. of the solution to be 
examined. In lo-.'lO minutes a yellow color due to tlie forma¬ 
tion of jS-nitro.sodimethylaniline is de\'elopcd. This is matched 
in a colorimeter or tintometer with the color developed by the 
use of a known amount of a sodium nitrite solution containing 
1 part per 10(),()0(). The presence of nitrates is said not to inter¬ 
fere, and the reaction sufficiently delicate to detect one part 
HNO 2 per million. 

■ 4. According to A. Leclerc,’ nitrous acid is liberated from its 
§alts by the addition of a .syrupy solution of citric acid, and 
detected by the formation of the brown ring at the surface of 
contact of a superimposed ferrous sulfate solution. Nitrates not 
being decomposed by citric acid do not respond to this test. 

Detection of Nitric Acid. The following qualitative tests 
for the presence of nitric acid are reliable in the absence of the 

1. E. Miller, Anal. 1912, 37, .'14.'), W. Eischer and N. .Stcinbaeh, Zt.s. 
anorg. Cheni. 1912, 78, l.'M; J. C. .S. 1912, 102, ii, KKl; J. S. C. I. 1912, 31, 
1029. 

2. J. phann. chim. 191.1, 8, 299; alwt. J. .S. C. I. 1913, 32, 975. For 
the determination of nitrite.s by means of thiocarbamidc (thiourea), see 'M. 
Coade and K. Werner, J. C. S. 1913, 103, 1221; ab.st. J. S. C. I. 1913, 32, 
769. For the use of sodium paratungstate in the determinatioh of nitrogen 
pentoxide, see F. Gooch and S. Kuzirian, Amer. J. Sci. 1911, 31, 497; abst. 
J. S. C. I. 1911, 30, 800. 
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imparities and other bodies as previously has been stated.* 

1. Ferrous Sulfate Test. From 1 to 2 cc. of the material to 
be tested is added to 15 -20 cc. concentrated sulfuric acid in a 
test tube. After the mixture has cooled the test tube is inclined 

' and an equal volume of saturated ferrous sulfate solution is 
allowed to carefully flow down the inclined test tube onto the 
surface of the material to be tested. I'hc tube is now righted and 
gently tapped. In the presence of nitric acid a brown ring forms 
at the juncture of the two liquids. The ferrous sulfate should 
be present in large excess or tne brown color may be destroyed 
by the free nitric acid. Traces of nitric acid in sulfuric acid pro¬ 
duce a pink color with the sulfuric acid solution of the ferrous 
.sulfate. 

Bromides, bromates, iodides, iodates, chlorates, chromates, 
permanganates and ferro- and ferri-cyanides interfere. 

2 . Diphenylamine Test.'- Diphenylamine dissolved in con¬ 
centrated sulfuric acid is addetl to 2-3 cc. of the substance to be 
tested in a watch glass. Upon carefully warming a blue color 
is produced in the presence of nitrates. Nitric acid in sulfuric 
acid is detected by placing a minute crystal of diphenylamine 
in 3-4 cc. of the acid and wanning gently. 

Chlorine, chlorates, bromates, iodates, chromates, perman¬ 
ganates, selenates and ferric iron interfere. 

j. Copper Test. A strip of copper placed in a solution con¬ 
taining nitric acid evolves brown fumes. 

4 . Alkaloidal Test. Perhaps the most characteristic test for 
nitric acid is that developed with bnicine and concentrated sul¬ 
furic acid, which gives a red color. Arbutine and berberine under 
similar conditions give a deep yellow and dark brownish red color 
respectively. 

Cinchonamine nitrate is nearly insoluble in water.-' 

5 . Phenolsulfonic Acid Test is used primarily in water anal¬ 
ysis. 

6. Di-p,io-monoxyphemnthry!amine dissolved in strong sul¬ 
furic acid forms a delicate test for nitric acid in the absence of 
other oxidizing substances. 0.01 gm. is dissolved in 100 cc. cone. 
H 2 S 64 and 0.1 gm. of the substance to be tested is added to 2 

1. Chcm.'News, 1905, 91, 190. 

2. C. Reichard, Chem. Ztg. 1906, 30, 790. 

3. B. Howard and O. Chick, J. S. C. I. 1909, 
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cc. of the reagent, when, if nitrates be present, a blue color which 
first forms soon turns to a claret red. Nitrous acid docs not 
alter the color unless it becomes oxidized to nitric acid.' 

Determination of Nitrogen by Nitrometer. The principle 
of the nitrometer for the estimation of nitrogen acids either alone 
or in combination as in nitrocellulose and in mixed acids, is the 
reaction between the nitrogen acids, sulfuric acid and mercury, 
which converts all nitrogen compounds into nitric oxide, and the 

1. J. Schnii<lt and H. biimpp. Bit. IdlO. 43, 7S7. 7U4: abst. C. A. 
P.HO, 1727). See also Chein. News, iSbO. 1, 1.41 ; isb2, 5, 4; 1804, 8 , 247); 
1870. 21, 27)0; 1878. 38, 58; 1884, 50, 44; 1887). 51, 4!); 52, 421; 1880. 54, 47; 
1889. 59, 278; 1890, 73, 104. A. Tinxle J. S. C. I. 191.'), 34, 494) cautiously 
heats in a test tube with a solution of 0.0 parts salicylic acid in HsSOi. A 
drof> of the mixture is placed on a cold while i)orcelaiii slab and 2 drops 
KOH solution ad<led—enoUKh to make tbe drop alkaline. The development 
of a yellow or oranjjc color is indicative of the presence of nitrates. H. 
Son and B. Dey (Zts. anorj;. Cheni. 1912. 74, 7>2: abst. J. S. C. I. 1912. 31, 
20.5), adds to a saturated .solution of hydrazine sulfate. (Zts. anorK- Chein. 
1911, 71, 240; abst. J. S. C. I. 1911, 30, 10111, and is then tested for iiitratc 
by diphenyl inline. While traces of nitric acid are formc<l when nitrites are 
decomposed by urea or liy boilinx with ammonium chloride, this is not the 
ca.se when hydrazine sulfate is used. 

According to W. Iwaiiow iCliein. Ztg. 1912, 36, 1170; J. C. S. 1912, 
102, ii. 1094; J. Kuss. Phys. Chem. She. 1912, 44, 1772; J. vS. C. 1. 1912. 31, 
1028; 1914, 32, 82) the use of diphenylauiinc in testing sulfuric, anhydride 
and himing sulfuric acid for nitric acid is unrelialile under ordinary condi¬ 
tions, since an acid containing over 20 '^ of free anhydride gives a pink to 
blue coloration with this reagent. To test an acid containing, say 40' ^ of 
free anhydride, it should be lirst diluted with about twice its vt)lunie of jiiire 
sulfuric acid of sp. gr. 1.84 so as to produce approximately the inonohydrale, 
which gives no coloration in the absence of nitric aci<l. The diphenylamiiie 
lest may be used in the absence of nitric acid to give a rough estimate of the 
percentage of anhydride in fuming sulfuric acid. 

H. Caron has found (Ann. Chim. Alialyt. 1911, 16, 211: J. S. C. I. 
1911, 30, 8^17) that the sensitiveness of the dij)henylatnine test for nitrates* 
deiKauls mainly upon the ])roportioii of di])henylamine and the concentra¬ 
tion of sulfuric acid in the reagent and the rise of temperature produced on 
mixing the .solution with the reagent. The l)est results are obtained with 
very low concentrations of diphenylamiiie and high concentrations of sul¬ 
furic acid, and the method of carrying out the test recommended ^ to add 
7) cc. of a solution of 2 mgrms. of dipheiiylamine in 100 cc. of concentrated 
sulfuric acid to 2 cc. of the .s«)l’.ition under examination. If the solution 
contains chlorides, it is better to use a reagent prepared by dissolving a few 
mgrms. of diplienylamine in a mixture of 100 cc. of sulfuric acid, 40 cc. of 
water and 2 or 4 cc. of 10'/7 hydrochloric acid; .5 ce. of reagent are added to 
0.7) cc. of the .solution to be tested. The reaction may be masked by organic 
substances such as methyl and ethyl alcohols, glycerol, ether, acetone, hydro¬ 
carbons, salicylic acid (J. S. C. I. 1911, 30, 711), and phenol, especially W’hen 
the solution of diphenylamitie in concentrated sulfuric acid is used, and it 
is therefore better to use the ililute reagent containing hydrochloric ?icid, 
mentioned above, when organic inatler is present. Deniges (Bull. Hoc. 
Pharm. Bordeaux, 1914; Aim. Chim. Analyt. I9U, 19, 221; J. S. C. I. 1914, 
33, 221. Bull. Hoc. Chim. 1911. (4), 9, .>17; J. { 3 . C. I. 1911, 30, 828) claims 
that hydro-strychnine is excellent for the colorimetric detection of nitric acid. 
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chemical reactions involved may be exptt'ssed as follows: 

,2UNO, + ;!H,.S<),, -H (illK = 4H.,() + .‘mfeSOj + 

Of the tliroe types of iiilroinett-rs (lescrihed lierein, tile Lunge 
two-bulb instrument is the simplest in execution but involves 
corrections for temperature, jiressure amt vapor tension, which 
are automatically taken care of in (he gas \-olumeter and the Du 
Pont live part nitrometer. 

An amount of nitric acid containing compound must be 
taken which will give a volume of \() between 1(10 cc. and l.'iO 
cc. The nitrometer capacity should be l.')ll 200 cc., and contain 
a bulb at the top of 100 cc. capaeitv, the three-way stop-cock 
tieing very accurately ground. 

Determinations of Nitrogen by Lunge Two-Bulb Nitrometer. 

'I'his nitrometer consists of two tubes as shown in tlie diagram 
(h'ig. S.'i), the bulb of the decomposition tube 
‘7/” having a volume slightly under 100 cc. 

The graduation starts from the 100 cc. mark 
just below the bulb as shown and extends down 
the stem of the nitrometer to 110 cc. 'I'his stem 
is drawn out at the bottom and is graduated in 
0.1 cc. 'I'he top of the tube terminates in a 
Frierlrich-Clreiuer tap with two oblipue passages. 

Above the tap is tlie cup “.I" and a side tube 
attaclied thereto. In one position of the tap 
the measuring tube communicates with the side 
tube in the ta]); in a second position it com 
^muuicates with the cup “,1,” and in the third 
position the tap is closed. 

'I'he measuring tube “/>” is comiected by 
means of thick-walled rubber tubing with a 



pressure tidie the latter being a simple 

cylindrical glass tube of the same diameter as 
the measuring tube expanded with an ofieii bulb 
.somewhat larger than the decomposition bulb 


Two-Bccb 
N lTROMHTliR 
(.1, Clip; it, measur¬ 
ing tiilic; C, pres¬ 
sure tulie) 


“/f.” It is drawn out at the bottom for the attachment of the 


rubber tubing, both tubes being held by clamps in which they 


may be moved. 

'I'o use the apparattts for the assay of mixed acid or nitric 
acid, the tulie is jilaccd so that its lower end is somewhat 
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higher than the tap between "A” and "B" and mercury is poured 
in through “C,” the tap "B” being open until it enters the, cup 
“A.” As the mercury enters “B” from below, no air bubbles 
should be formed on the side of the tube. The Jtap is then closed 
and merctuy in the cup allowed to flow out through the side 
passage of the tap, the pressure tube lowered and the tap closed. A 
weighed quantity of the nitric acid or mixed acid is then intro¬ 
duced into the cup “A” from a pipette, the pressure tube “C” 
being lowered, the tap carefully opened and the acid drawn into 
the measuring tube by suction, care being taken, of course, not 
to admit any air. The cup is then rinsed with sulfuric acid free 
from nitrogen acids, which is similarly drawn into the measuring 
tube and the washing operation repeated several times. The 
decomposition is started by removing “B” from its clamp and 
thoroughly mixing the acid and mercury by repeatedly holding 
the tube almost horizontal, care being taken that no acid gets 
into the rubber tubing, and then sharply raising it to a vertical 
position. “ The tube is shaken for one or two minutes and until 
no more gas is evolved. 

The two tubes are then adjusted so that the mercury in “C" 
is as much higher than that in "/J” as is necessary to compensate for 
the layer of acid in the latter, remembering that 1 mm. of mercury 
has a density equivalent to about 7 mm. of acid. After the tem¬ 
perature has become equalized by standing for about one-half 
hour, the pressure is exactly adjusted by pouring a little acid into 
the cup “A” and cautiously opening the tap. If the gas is under 
diminished pressure—which is preferably the case—it will flow 
into “B,” in which instance the tap is at once closed before air can’ 
enter, and the operation repeated after raising the pressure tube 
slightly. If, on the contrary, the enclosed gas tends to force its 
way through the acid, the tap is closed, the pressure tubeiowered 
slightly and the tap reopened. The volume of the gas, the baro¬ 
metric pressure, and the temperature are then read, the latter 
by means of a thermometer hung in contact with the measuring 
tube and as near as possible to the middle of the column of gas. 
Hie barometer reading is corrected as shown in the tables in 
Chapter VIII of this volume. A “solubility” correction to allow 
for the solubility of nitric oxide in sulfuric acid is finally applied, 
the amount depending upon the material under 'examination. 
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When the detennination is completed the measuring tube “B" 
is lowered so that no air enters upon opening the tap,'and ttie 
gas expelled by raising the pressure tube “C,” the acid being 
forced through a side tube of the tap and the last traces removed 
with fdter paper. The nitrometer is then read for the gas deter- 
' initiation. It is necessary to make sure tliut the taj) of the nitrom¬ 
eter fits tightly and this is best secured by lubricating with a 
small amount of vaseline, care being exercised that no vaseline 
gets under the tap and so comes in contact with the acid, as this 
causes the formation of froth, which settles \cry slowly. While 
a glass tap cannot be expected to remain entirely air-tight for 
any considerable length of time when exposed to variations in 
pressure, the tap can, however, be regarded as satisfactory if no 
air enters the measuring tube during an interval of two hours 
after it has been completely filletl with mercury and the pressure 
tube lowered. 

The nitrometer may be calibrated by slowly running out re¬ 
distilled water at a temperature of 20° and weighing tltc. volumes 
delivered; the true capacity in absolute centimeters being calcu¬ 
lated from the weights obtained. It is imperative that a uni¬ 
form sulfuric acid be used for nitrometer determinations and for 
this purpose pure sulfuric acid free from nitrogen is diluted to 
94 ','/;, -95'/;, strength. The solubility of nitric oxide gas in sul¬ 
furic acid varies with the concentration of the latter, being at a 
minimum in 70''i H»SO) and increasing with weaker or stronger 
acid. It is inconvenient in practice, however, to employ acid 
weaker than about DO',;; on account of the increasing ciuantity 
of mercurous .sulfate precipitating from the weaker acids, which 
tends to obscure the reading, \hiriation in the amount of acid used- 
will produce corresponding variation in the volume of nitric acid 
observed because more gas will be dissolved in an increased bulk 
of acid. Therefore, there is an obvious advantage in operating 
with a minimum of acid, this practical minimum being about 
15 cc., it having been found that the btdb and tube become coated 
tVith mercurous sulfate unless this is employed, and furthermore, 
a combination of mercury, mercury salt and acid tend to produce 
a tenacious emulsion during the shaking where a minimum amount 
of "acid has been used. This difliculty may be partly obviated 
by washing* the bulb and tube with fresh acid after each decom- 
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position but this practice in general is objectioiTable because the' 
acid added after the dccoinposition may take up an uncertain 
amount of nitric oxide and is not likely to become saturated. 

At the close of each day’s work the mercury in the decom¬ 
posing bulb of the nitrometer should be thoroughly cleaned by 
running in If)- 50 cc. of water, shaking and allowing the water 
to run off and following this by the addition t>f about .50 cc. con¬ 
centrated sulfuric acid, washing the mercury with this acid by 
tilting until the mercury is {(uite clean. A final washing of the 
mercury is advizablc, the water being carefully removed. 

It. will be noticed that after some weeks' use, the mercury 
in the reservoir also requires cleaning and this is effected by shak¬ 
ing it in a separate funnel with dilute nitric acid followed by 
filtration through a cornucopia of filter paper with a very fine 
orifice. Tlie glass tap in the decomposition tube shotd<l also be 
frequently cleaned and regreased, the sulfuric acid being washed 
out with water and the old grease removed with tissue paper. 
It is stated that a grease made from pure black rubber dissolved 
in vaseline and, if necessary, with a little paraffin wax, is quite 
suitable for this purpose. 

Determination of Nitrogen with the Gas-Volumeter.' By 
means of this apparatus, the calculations necessary in the nitrom¬ 
eter are obviated, no reference tables being rcc|uired, the method 
being applicable for absolute as well as relative measurements. 
The following description of this apparatus, which was tlevized 
and perfected by G. Lunge, is taken from T.unge's Technical 
Methods of Chemical Analysis, substantially in the words of the 
inventor. By means of this apparatus, the reduction of a volume 
of any gas, either wet or dry, to normal conditions, (usually 0° 
and 7()0 mm. pressure), is effected without observation of the 
temperature and pressure. 

The principle of the apparatus is to enclose a known volume 
of air at such a pressure that it occupies exactly the volume which 
it would take up at 0° and 7(10 mm. pressure. If the same tem¬ 
perature and pres.sure are now applied to another volume of gas, 

I. G. I.unge, Her. 1888, 21, .'iTd; 1890, 23, -140; 1892, 25, 31.57; Zts. 
ang. Cheni. 1890, 3, 139; 1891, 4, 197, 410; 1892, 5, 077; J. S. C. I. 1882, 
1, 1,5; 188,5, 4, 447; 1888, 7, 232; 1890, 9, .547; IJiiigl. Polv. 1879, 233, (13. 
7.5, 1.5'), 23.5. ■ . 
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this will also occupy the volume which it would take up at 0“ 


and 'TOO mm. pressure. 'I'liis 
condition is brouf^ht about by 
conliniiif; the known volume of air 
in a “reduction tube,’’ to which 
a pressure tube is attached, and 
])lacing the latter in such a posi¬ 
tion that the ^as in the reduc¬ 
tion tube is brounhl to the vol¬ 
ume it would occupy under nor¬ 
mal conditions. The reduction 
tube beini? connected to the gas- 
measurini( apparatus by means 
of a T-tube, by adjusting the 
level of the mercury in the two 
tubes to the same height, the 
volume correction is ai)plicable 
directly to the gas in the measur¬ 
ing tube.' 

'I'he apparatus, which con¬ 
sists of two sections, is shown in 
I'ig. SI, the three tubes .1, /f and 
(', being connected as indicated 
with suflicienly long rubber tubing 
(so-called “pressure tubing’’), 
e.'ich tube being held in position 
,by movable clamps w o r k i n g 
vertically. The measuring tube 
.1 may be a nitrometer or any 
other gas-measuring apparatus. 
'I'he so-called reduction tube />’, 
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1 . .\ little esperieiicc will enable ailjiistinent to be made with accuracy. 

It must be remembered tliat the acid portion above the mercury has a demsity 
of about l.s. while that of the mercury is about I I. Iherefine when com¬ 
paring the heights of mercury in the two tubes, the mercury m the ptessure 
tube should be raised higher than the mercury m the measurmg tut)e. >>V "'>'>'‘1 
b ; of the height of the aeid in the hitter tube. Aeeordnig to R. 

(Cdiem. Ztg. Iltbs. 42, “itti; abst. J. C. S. Ibbs. U4, u, 2,.!; (-. A. 1918, U, 
a more trustworthy procedure is to bring the meronry to the s,mie 
level in the measuring and leveling tubes, read the volmne of the gas, oi u 
the tap of the jiieasuring tube, and note the dilTerence of ttie ^ 

dilTcrence in mm. is sutrtracted fiom the barometric pressure duimg the de 
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is either enlarged at the top, or preferably as s'liown,* of cylin¬ 
drical fdnn in order to bring the inclosed volumes of gas as far 
as possible iifto a parallel position. The first graduation indicates 
a volume of 100 cc., the lower cylindrical portion being divided 
into 0.1 cc. for another 30-40 cc. The tube is set once for all, 
by observing the temperature and pressure, calculating the vol¬ 
ume which 100 cc. of dry air would occupy under the observed 
conditions, bringing the mercury to the corresponding division, 
and closing the tap above the bulb.'' The pressure tube C is 
preferably constricted at the bottom as shown in B in order to 
economize the amount of mercury needed to fill the system.’ 

Wlicii any gas-volumetric operation has been carried out in 
.1 the volume of gas is now read in the ordinary manner after 
adjusting the mercury in .4 and C to equal levels, before taking 
the reading of the volume of gas in .4, the three tubes are so ad¬ 
justed that the mercury in B stands at the 100 cc. graduation, 
and the levels in .4 and B are the same.’ This adjustment is 
most readJly carried out in the following manner: The tube A 
is securely clamped while B and (’ are raised, C to .such an extent 
that the mercury in B rises to the graduation KM) cc. B and C 
are then lowered simultaneously, so that the dilTerence of level 
of the mercury in the two tubes is maintained until the mercury 
stands at equal levels in A and B, in the latter .still at the 100 
cc. graduation.’ It is obvious from the above that by the use 

termination. Another method of adjustment is by very slightly opening the 
tap on the measuring tube after first adding a little sulfuric acid in the tap. 
When accurately adjusted the acid should neither rise nor fall. 

1. H. Gockel (Zts. ang. Chem. 1900,13, 961, 1238) has devized a tap 
which is ridged horizontally and .sealed by mercury, which Lunge states is 
satisfactory and generally applicable. 

2. If the tap is air-tight, the determination, once made, is permanent. 
As an alternative, the upper cud of the tube may end in a capillary, which 
can be scaled od after the volume has been correctly adjusted. 

3. If moist gases arc to be measured in the measuring tube, a small 
drop of water must be introduced into the reduction tube; if dry gases such 
as nitric oxide generated over sulfuric acid in the ordinary nitrometer are to 
be measured, a drop of cone, .sulfuric acid is intnaluced into the reduction 
tube, but neycr in sufficient amount to more than cover the top of the mer¬ 
cury meniscus. The gases must be measured cither quite dry or saturated 
with moisture. 

4. The gas volumes in A and li then correspond to such temperatures 

and pressure that their volumes are equal to those which they would occupy 
when dry at 0° and 760 mm. pressure, since this condition (if properly con¬ 
ducted! is insured once for all in the case of Ji, and the gas in A is at the 
same temperature and under the same pres.sure. ^ 

5. Usually the adjustment will be found a trifle inexact, which can be 
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of the gas-volumeter all themiometric aad barometric readings, 
and all reductions by calculation or special tables, are avoided; 
the volume of gas is read off directly under conditions correspond¬ 
ing to the normal pressure and temperature. As it is not easy 
to shake the mercury and sulfuric acid in the tube itself when a 
'reduction tube is attached, and as there is danger of the gas going 
over into the reduction tube, it is advizable to induce the decom¬ 
position in a separate apparatus, E and F, Fig. 8.7, and then trans¬ 
fer to the volumeter for measurement. E is the reaction vessel 
of capacity of about 100 cc. when used for the analysis of nitrous 
vitriol, and of about 200 cc. when used for the analysis of dyna¬ 
mite and nitrocellulose. It is provided with a tap, a beaker c, 
and pressure tube F, arranged as in the ordinary nitrometer.' 
To carry out a determination F is first raised until the merenry 
reaches the end of the capillary a, which is then closed with a 
ground glass or rubber cap b, to prevent the escape of mercury on 
shaking, and the tap E also closed. The material to be deter¬ 
mined is introduced in the usual manner through the cflp c, the 
reaction induced by shaking, and the whole allowed to stand to 
regain atmospheric temperature. E and A are then brought to 
the same height, as shown in the figure, and the mercury in the 
measuring tube of the volumeter .1 driven over to the end of 
the thick rubber tube attached to the capillary d. The cap b 
is then removed, the capillary a slipped into the rubber connect¬ 
ing tube until glass touches glass, F raised and C lowered, the 
two connecting taps opened, and the gas siphoned from E to A. 
The tap on A is closed as soon as the acid from Ed reaches the 
bottom of the capillary tube e. The levels in A and H are then 
adjusted, and the mercury in B brought to the 100 cc. graduation, 
as described above." By use of several reaction vessels, many 

remedied by a slight movement of B. In cases where another liquid is intro¬ 
duced into the measuring tube beside.s mercury, the pressure which it exerts 
must be taken into account. For instance, in nitrogen determinations by 
the Dumas method, a mark is made below the 100 cc. graduation of the 
reduction tube, corresponding to one-tenth the height of the potassium 
hydroxide solution in the measuring tube, the sp. gr. of which may be taken 

as — that of the mercury. In then reading off the volume of nitrogen, 

the mercury in the reduction tube is brought to the 100 cc. graduation, and 
that in the leveling tube to the special mark below, by which means the 
height*of the potassium hydroxide solution is allowed for. 

1. £ is best supported by a ring, and F by a clamp. 

2. This method of transferring gas is advantageous, not only because 
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more determinations can be carried out in a given time than is 
possible*”with the ordinary nitrometer. 

Determination of Nitrogen by Du Pont Nitrometer. This in¬ 
strument' (see Fig. S.')) consists of six glass parts as follows; 
A globe-shaped reservoir (a); a generating bulb (ft) of about :1(M) 
cc. capacity, the generating bulb having stopcocks at both top ' 
and bottom to permit a violent agitation, and having a cup 
above which communicates with the bulb through the upper 
stopcock; a second globe-shaped reservoir (c), to which, by 
means of a glass multiple connecting tube and rubber tubing, arc 
joined a compensating burette {d), a reading burette (c), and an 
additional measuring burette (/). The reading and compensating 
burettes are of the same shape and size, and arc blown out into 
bulbs at the top. The compensating burette is not graduated. 
Above the bulb it has a small vertical open tube, which is sealed 
when the instrument is standardized. 'I'he reading burette is 
calibrated so that percentages of nitrogen may be read there¬ 
from, and is marked to read from W/c to 14';), being graduated 
to one-hundredths of 1','. Between 171.X cc. and 240.4 cc. of 
gas must be generated to obtain a reading; that is, the 10'/) 
mark represents the vohune of 171..S cc. of NO at 20° and 700 
mm. pressure, containing 0.1 gm. of nitrogen; the 14'') mark is 
equal to 240 cc. NO under the same conditions, representing 0.14 
gm. nitrogen. 

The compensating burette is supported by a ring; the gen¬ 
erating bulb is stipported just above each stopcock by forked 
holders, curved so as to retain the bulb in place. In order to 
remove the generating bulb it needs only to be raised slightly 
and brought forward, the manipulation of a screw, as with the 

the pressure due to the sulfuric aei<l does not have to be allowed for, but 
also Iwcause the unavoidable dirtyiuK of the apparatus is confined tothe reac¬ 
tion vessel E. which is readily cleaned. Care should be taken that the bores 
of the cairillaries a and tl are not enlarged at the ends, so that no bid)bles of 
gas will adhere upon connecting uj). M. .Sanders concludes Ij. liid. ling. 
Chem. 11120, U, Hill; abst. C. A. 11)20, 14 , 710) that results accurate to 
0,1% cannot Ire obtained with the nitrometer if the sani|>le contains more 
than 1.5%-17'{, NaCI on a dry basis. .Sec B. Davisson and J. Parsdns, 
J. Ind. ling. Chem. 11)11), 11 , .100; abst. C. A. 11)20, 14 , 711. 

I. This dcscrii>tion is taken from Technical Paper 100, U. S. Bur. 
Mines, by W. Cope and O. Taylor. .See also, W. Snelling and G. Storm, 
Bull, .ol. Bur. Mines, J. Pitman, J. S. C. 1. 1000, 19 , 98.‘(. O. Lunge, J. S. 
C. I. 1001, 20 , 100. C. Hill, Analyst, IDIK, 43 , 217; abst. J. S. C. I. H)1S, 
37 , 413-A. * 
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ordinary clamp, thus being avoided. The two reservoirs and the 
readmg burette are supported by ring clamps, the§e clamps having 
milled rollers at the shank; they are moved up and down vertical 
racks by meails of hand screws, the rollers being so arranged in 
conjunction with the vertical racks that thfe weight of the part 
presses them down and acts as a brake, thus preventing their 
moving when not being manipulated. 

Having arranged the apparatus and filled the compen.sating, 
reading and generating tubes as well as their connections with 
mercmy, the next step is to standardize the instrument. Twenty 
to thirty cc. of sulfuric acid are run into the generating bulb through 
the cup at the top, and at the same time about 210 cc. of air 
is let in; the cocks are then closed and the bulb well shaken; 
this shaking thoroughly desiccates the air, which is then run into 
the compensating burette until the mercury is about on a level 
with the l2.50% mark on the reading burette, the two burettes 
being held at the same height. The compensating burette is then 
sealed off at the top. A further quantity of air is desiccated in 
the same manner and run over into the reading burette until the 
height of mercury in the reading burette stands at about the 
12.50% mark. The cocks are then closed, and a small piece of 
glass tubing, filled with sulfuric acid (not water), and bent in 
the form of a U, is attached to the outlet of the reading burette. 
When the mercury columns are about balanced and the inclosed 
air has been cooled to room temperature, the cock is aghin care¬ 
fully opened and when the sulfinic acid balances in the U-tube, 
and the mercury columns in both burettes are therefore in the 
same level, the air in each tube is subject to the same conditions, 
namely, atmospheric temperature and pressure. A reading is 
now made from the burette, and barometric pressure and tem¬ 
perature are carefully noted. Using the well-known formula 
_ V'P'(273 + t)(l-0.00018t ' 

^ “ P(273 -f t')(l-0.00()181) 

the volume this enclo.sed air would occupy at a pressure (P) of 
29.92 inches of mercury (700 mm.) and at a temperature (t) of 
20° is determined. The cock is again closed and the reservoir 
and reading bmette carefully adjusted sq as to bring the air in 
the reading burette to the calculated volume and the mercury 
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in the compensating burette to the same level as the mercury in 
the reading burette. A .strip of paper is now posted on the 
^ compensating burette at the level of the mercury and the stand¬ 
ardization is then complete. 

There is, however, another and shorter method of standardiza¬ 
tion than the one described above. It is well known that the 
quality of the sulfuric acid used in the nitrometer will materially 
affect the results. To ascertain whether sulfuric acid is suitable 
for use in making nitrogen determinations in the nitrometer a 
determination is made on chemically pure dry potassium nitrate 
and the reading obtained in the nitrometer is compared with the 
theoretical percentage of nitrogen in potassium nitrate. In ap¬ 
plying this procedure to the standardization of the nitrometer 
the compensating burette is filled with desiccated air, as described 
above, and 1 gm. of potassium nitrate, dissolved in 2 cc. to 4 cc. of 
water, is introduced into the generating bulb, the cup is washed 
with 20 cc. of 95% to 98% sulfuric acid in three or four portions, 
and each portion is run separately into the bulb. The gas, when 
generated, is run over into the reading burette, and the mercury 
columns in both burettes are leveled, so that the mercury in the 
reading burette is also at l.I.Sti, the theoretical percentage of 
nitrogen in potassium nitrate. A strip of paper is pasted on the 
compensating burette at the level of the mercury, and the stand¬ 
ardization is accomplished. 

This method of standardizing offers many advantages over 
that first described among which may be mentioned that no 
readings of temperature or pressure are necessary. Probably the 
greatest advantage is that if the acid used in standardizing should 
contain impurities, which might otherwise affect the result, the 
error is entirely compensated and corrected in subsequent work; 
that is to say, the instrument having been so standardized that 
the reading gives the theoretical percentage of nitrogen in potas¬ 
sium nitrate, the results will be accurate when testing other sub¬ 
stances so long as the same quantity of sulfuric acid from the same 
lot t? used. 

It must, of course, be understood that once having standard¬ 
ized the instrument with a certain lot of acid no different lot of 
acid can be used without re-standardizing. In order to avoid slight 
differences in results due to variations in the acid, it is advizable 
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to reserve a sufficiently large uniform stock of acid - -for example, 
a carboy full- for nitrometer use. 

The additional measuring burette, with which this type of 
nitrometer is provided, known as the “universal tube” (/, Fig.' 
S.')), is simply a straight burette, marked to read from 0 to 100 in 
percentages and graduated to one-tenth of 1{. 'I'he tube is of 
such size that O.dO gm. of NO (or ' im, gm.-molecule of NO) under 
standard conditions of temperature and pressure {'20° and 700 
mm.‘pressure) fills it to the 100 mark. 

If it is desired to read the percentage of nitrogen direct, 0.14 
gm. of substance is weighed out. Consequently, if 1.011 gm. of 
potassium nitrate, O.Od gm. of nitric aci<l, or O.S.') gm. of sodium 
nitrate are used, the results can be read directly as percentages 
of the original substance. 

This method is convenient when it is not certain that the 
reading i^ill fall within the limits of the graduations in the ordinary 
measuring burette. 

The “universal tube” is found particularly advantageous 
when, for example, the amount of nitroglycerol in a sample is 
so small that the volume of gas generated is insufficient to fill 
the large reading burette to its graduated portion. 'I'he volume 
of gas generated from any amount of nitroglycerol up to about 
0.75 gm. may be read in the “universal tube.” Readings in this 
measuring tube can be as accurately made as in the regular read¬ 
ing burette. 

'I'he sample is weighed into a small beaker and dissolved iff 
.7 to 10 cc. of sulfuric acid with a specific gravity fif l.Sl (inorganic 
nitrates may be previously dissolved in as little water as possible) 
and transferred to the generating btdb. 'I'he beaker and the cup 
of nitrometer are rinsed .several times with acid, the washings 
being rinsed into the bulb. By lowering the leveling bulb and 
gently shaking NO begins to be evolved. When all but 00 to 
7”) cc. of mercury has run out of the generating bulb, the bottbm 
stopcock is closed and the bulb shaken violently three to five 
minutes. 'I'he gas is then transferred to the reading burette, the 
levels adjusted, and the reading obtained. Care must be {aken 
not to use samples that are too large or too small *to fall within 
the range of the graduations on the burette. 

Estimation of Nitrogen by Ferrous Ammonium Sulfate. 'I'his 
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method described by lb Bowman and'W. vSeott' is bajed upon 
the*fact that nitric acid or a sulistancc containinj^ it, when titrated 
with a ferrous sulfate solution is oxidized by the acid, and when 
an excess of ferrous iron is present, combination with the reduced 
nitroKen com])ounds takes jilace, with the formation of a red com- 
liound, which red compound indicates the end point of the reac¬ 
tion. The following e<|uatiou is given as representing the re.rction: 

th'eSOj + 2HN(), + 'ill-iSO., = -f 21'e2(SO,),i + ItlbO 

h'errous ammonium sulfate, however, has in general been found 
more suitable then ferrous sulfate owing to the fact that an acid 
solution of the latter deteriorates less rapidly.- 

In preparation of the solution, .il) gm. of ferrous ammonium 
sulfate are dissolved in -lOII cc. <listilled water, and when solution 
is complete .‘illb cc. of cold .7(1' ,', sulfuric acid is poured into 
the solution with thorough stirring during addition of the acid. 
The licjuid is then cooleil and rliluted to one liter with distilled 
water. .V further liter of dilute sulfuric acid as before is then 
added and the litpiid tlioroughly mixed. The strength of this 
solution is varied according to the use for which it is intended. 
The .above strength of solution, however, has been found .suit¬ 
able for the estimation of nitric acid in niter cake, although a 
more concentrated solution is preferable for the determination of 
nitrogen in celhdose nitrate, h'or this latter purpose .700 gm. 
ferrous ammonium sulfate are weighed out and the solution made 
U]) as'above described. 

In standardizing the solution, approximately 100 cc. of con¬ 
centrated sulfuric acid are run into a 2.70 cc. titration flask with 10 
cc. of standard solution of potassium nitrateof strength equivalent to 
10 millimeters of nitric acid per cc. of solution, the above being 
ailded by means of a pijiettc. I'lie ferrous ammonium sulfate solu¬ 
tion is then run in from the fmrette, the end point of the titration 
being indicated by a faint jiink coloration which is permanent. It 
is advizable that the temperature of the liquid be kept below 110° 
• during the titration. .Assuming that 10 cc. of standard KNO.^ 
solution reiiuire X cc. ferrous ammonium sulfate solution, then 

1. T. Inil. ling. ClieiM. l!tl,7. 7 , ahst. C. A. 1!)I7, 9 , 2717; J. S. C. 
I.,1107., 34 , IlMts;. 

2. Wfien- aitiit' and nitrous acids arc both pri'scnt, tlic nitric acid alone 
is dctcrmin'*d liy this imthod, the results being identical with those found 
by the nitrometer. 
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gm. 'will represent the HNO3 equivalent of one cc. of the 
-X. « 

solution. 

In the detemiination of nitrogen in cellulose nitrate from 
1.0-1.1 gin. pure, finely ground KNO3 is weighed into a capsule, 
dried in an air oven at a temperature of 110°-120° for two hours, 
and after cooling in a desiccator, accurately weighed. 150 cc. 
concentrated sulfuric acid is then measured into a dry .500 cc. 
flask and the potassium nitrate carefully added, any crystals 
adhering to the sides of the flask being washed down with sulfuric 
acid. The weighing bottle is then reweighed and tlie weight of 
the potassium nitrate used obtained by difference. When solu¬ 
tion of the salt in the sulfuric acid is complete, ferrous ammonium 
sulfate solution is slowly run in from a burette until a permanent 
red coloration results. As before, the temperature should be 
kept below 30°. As one gm. of KNO3 equals 0.1385 gm. N, the 
strength of the solution expressed in terms of grams—nitrogen 
per cc. is asYollows; 

Wt. of KNOa taken X 0.1385 
cc. of ferrous solution used 

This method can lie advantageously employed for estimation of 
nitrogen in ferrous substances as follows; 

Determination of Nitric Acid in Niter Cake by Ferrous Am¬ 
monium Sulfate. 5 gm. of the niter cake are dissolved in 20 cc. 
of water and 100 cc. concentrated sulfuric acid added. ' The 
solution is then titrated with standardized ferrous ammonium 
sulfate solution as described above, the percentage of HNO3 
present in the sample being calculated by the formula: 

X X Y X 100 
W 

Where X = HNO3 equivalent to 1 cc. of the ferrous am¬ 
monium sulfate solution 

Y = cc. of solution used in the titration. 

W = weight of niter cake taken 

Estimation of Nitrogen in Nitrocellulose by Ferrous Ammon¬ 
ium Sulfate.' Cellulose nitrate is first dried in the oven to con- 

1. Best results are to be obtained by adding the nitrocellulose to the 
cold mixture of ferrous solution and sulfuric acid, for the determination 
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stant weight and then comminuted by nibbing through 10-20 
mesh ^ieve, approximately 1.1-1.2 gm. being weighed into a weigh¬ 
ing bottle, dried, cooled and re-weighed. 150 cc. concentrated sul¬ 
furic acid are then measured into a 500 cc. fla.sk and 20 cc. of 
^ferrous ammonium sulfate solution run ^very slowly into the 
flask, the mixture being kept cool as before suggested. The 
nitrocellulose is then quickly transferred to the fla.sk and the 
weighing bottle re-weighed in which the total weight of cellulose 
nitrate used, is detennined. The percentage of nitrogen in the 
nitrocellulose is then calculated by the formula: 

X X Y X 100 
W 


Where X = Nitrogen equivalent to one cc. of the ferrous 
ammonium sulfate solution 
Y = cc. used in the titration 
W = weight of nitrocellulose taken. , 


Under the conditions of manipulation as above described, one 
experienced with the reaction should have no diflSculty in obtain¬ 
ing results which compare favorably with that of the nitrometer. 

Determination of Nitric Acid by Nitron. A gravimetric 
method for determining nitric acid by precipitation as nitron 
nitrate has been worked out, and while the determination of free 
or combined nitric acid volumetrically is usually preferable, isola¬ 
tion of nitric acid as nitron nitrate (C 2 oHi 6 N 4 .HN 03 ) may occa¬ 
sionally be used. The fairly insoluble, ciy^stalline compound is 
formed by the addition of the base diphenyl-endo-anilo-hydro- 


requires some two hours when carried out wholly in the cold. Where the 
nitrocellulose is added to a warm solution the reaction proceeds too vigorously. 

L. Mauge (I’Ind. chim. 1918, 5, 255; abst. C. A. 1919, 13, 545) has studied 
this method critically. He obtains best results by preparing a standard 
solution containing fe.66 gm. FeSO<.7HjO per liter. Into a glass provided 
with a foot base, measure 100 cc. of the ferrous solution, and add, with shak¬ 
ing, 50 cc. sulfuric acid, 60°-66° B6. Add from a burette the mixture to be 
examined. Shake constantly and add the solution to be examined grad¬ 
ually, depending on the HNO, content. The brown coloration first formed, 
becomes nearly black, and then is suddenly discharged To prepare the 
standard solution, dissolve 67 gm. crystallued l-eSOi.7H,0 in one liter of 
water. Titrate with KMnOi and calculate the dilution necessary to bring 
the exact concentration to 66.66 gm. per liter. Stabilize by adding about 
10 cc. "HiSOi to the solution. A layer of paraffin oil is useful to protect the 
solution from the air, but in any event it must be frequently prepared. He 
has given graphs to assist in making rapid calculations. 
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Iriazok*' (nitron) to the solution containing the nitrate. 

The reagent is prepared bj" dissolving one part of nitron in 
nine parts of acetic acid with the aid of heat, fdtered and pre¬ 
served in dark bottles. Inasnuich as the solutkni does not keep 
well, it is best prepared in small cpiantities. 

To a solution of the nitrate, containing preferably 0.1(1 to 
O.b") gm. in SO cc. of solution, r2 to 1.') drops of dilute H..S(J4 
is added. This mixture is heated to the boiling point ami 12 to 
l.j cc. of the nitron reagent added, then it is stirred and let stand 
one-half to three-fourths of an hour. Long, silky needles sep¬ 
arate on cooling. The beaker is placed in ice water for 1 to 2 
hours and the contents filtered on a Munroe or ('loocli crucible, 
being washed with ice water, 1 or 2 cc. at a time, and not more 
than 10 cc. in all. A portion of the filtrate may be used to clean 
the beaker. The precipitate is dried at 10.')° to 110°; an hour 
usually being sufficient. To insure complete precipitation, a little 
more reagent is added to the heated filtrate and cooled as before. 
The molecular weight of nitron nitrate is 27.').2; the nitrogen 
factor is therefore 0.02721. Of the compound, 11)..'>2' ( is NM);,. 
100 cc. water dissolves 0.0000 gm. nitron nitrate. 

.-V modification for nitrocellulose has also been found to be 
accurate.' In one test 0.2 gm. of the sample of nitrocelhdose 
was heated on a steam bath witli ■'> cc. of a 20'solution of XaOlI 
and 10 cc. of ( hydrogen peroxide (HjOj) solution until froth¬ 
ing ceased and solution was nearly complete. Complete solution 
W'as effected by boiling. Then 10 cc. of water and 10 cc. of per¬ 
oxide were added and the whole heated on a steam bath to a 
temperature of about .">0° and 10 cc. of a ( HjSOi solution 
was delivered from a pipette to the bottom of the mixture. I'lie 
acid was mixed with the solution, which became acid in reaction, 
and the mixture heated to S0°, when the nitron reagent was added. 
From this point the pnxedure was the same as for inorganic 
nitrates. The results showed 12.12',y and 12.11'!(, nitrogen, as 
compared with 12.1 o';,' obtained with the nitrometer. 

The filtrate and washings are .nadc slightly alkaline with 
ammonia and the precipitated nitron washed with water. 'I'he 
nitron nitrate precipitates are added tf) dilute ammoniuni hy- 

1. For )>recii)itatioii of nitric acid as hcxamclhylciictctraiTiiiie nitrate, 
see Zcntralst. f. wiss. tech. I nters., t). R. P. 298412, titlO; tibst. J. S. C. I. 
1‘JlU, 38, ()2.')-A. 
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(Iroxide, warn'iwl to (i()°, and tlic nitron filtered (|niekly, washed 
with cold water and dried in a vaeunin. Decomposition may he 
avoided by condiictin}f the operation in an atmosphere of inert 
gas and as mncli as possible away from fight. 

Determination of Nitric Acid by Titration.' The specilic 
gravity is determined by a calilirated hydrometer with thermonv 
eter attachment, and redneed to normal tem])eratnre and pres¬ 
sure. 

'I'lie total acidity is determined by titration with A'.NaOII, 
using methyl orange as indicator. For the concentrated acid, 
2 ..') d gni. are accurately weighed in a weighing capsule or oleum 
Inilb, which is then dropped into a titration llask containing IbO 
l.'iO cc. water, under which it is broken, care being taken to see 
that all the acid has been washed out of the capillaries of the 
Inilb. A' NaOH is then nm in from a burette until the end of 
the reaction is approached, after which one or two’drops of a 
0.1' j solution of methyl orange is added. Due to the fact that 
methvi orange is destroyed bv nitrons acid, it is advizable to add 
the indicator towards the end of the titration only. The burette 
is allowed to drain two or three mimites after the end reaction 
has been obtained, ami the reading taken, 'femperatiire and 
calibration corrections are then a])plied, and the result calculated 
as nitric acid.- 


Determination of Nitrous Acid by Permanganate by titra¬ 
tion against A' 2 KMn 04 . 'I'eii cc. of the permanganate solu¬ 
tion are pipetted into a flask containing 100 cc. water to which a 
few drops of snlfiiric acid has been added. I'he temperature Is 
maintained between 20° 10“ while the acid to be analyzed is 
being nm in, the end reaction being taken when a faint pink 
coloration persists for at least one minute. 

i 'rile amount of nitric acid is obtained by snbtraeting the 
nitrous acid expressed as nitric acid from the total acid calculated 
as llNO.i. See analysis of Mixe.l .\cids in Chaiiter Vll of this 


1. F*or standard alkali for niixi'd acid control, anfi the standardization 

of alkali against acid potassium phtlndatc, sec F. Dodge, J. bid. I'.ng. Chem. 
ITI.s 7, 2!»- ahst C hO.'i, 9, 277. \V. Mendrixson, J. .\mer. Chem. hiH-. 

Hll.y 37, 2;i.i2. H. Cowles, J. .tmer. Chem. Soc. liHtS. 30, 1 192; ahst. C. 
A. HKW, 2, ‘2li7)7). K. Hearsev and C Joyce, J. bid. I'.ng. Chem. 191(1, U, 
241; ahst. C. A. 1919, 13, 10(12. . 

2. K. Cook (Chem. Analyst, 1917. 22, IS: ahst. C. /i. I91.S, 12, h4_) 
has descrihed a convenient pipette for fnining acids. 
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volume for details of the various methods usually employed. 

Manufacture of Absolute Nitric Acid. The Salpetersaure 
Industrie Gesellschaft' prepare nitric acid of lD0% concentra¬ 
tion by electrolysis, the nitrogen oxides formed at the cathode 
being introduced at the anode and there oxidized by the nitrogen 
formed into HNO3 after having been liquefied by refrigeration. 
They also advocate’® the employment of waste acid from nitrating 
processes for the anodic liquor in the above process.* 

In the M. Moest process* for concentration, nitric acid is 
prepared by treating aqueous nitric with the gases of liquid NO 2 
sufficient to produce nitrification and thus oxidizing oxygen. The 
layers are subsequently separated from each other and the NO 2 
removed and re-used. 

L. Friderich* acts upon a molecular mixture of liquid nitrogen 
peroxide and water with oxygen under pressure or, instead ot 
nitrogen peroxide, the material produced by absorbing N2O4 by 
wood or charcoal may be employed.® 

J. DouzaF claims to obtain pitric acid of high concentration 
direct from nitrous substances by converting the nitrous acid into 
direct acid as it is formed, and preventing the formation of NO 2 
by subjecting the nitrous vapors before the hydration to a tem¬ 
perature of 24°, in the presence of an amount of water strongly 
charged with ozone. In the processes devized by the Elektro- 


1. D. R. P. 180052; abst. Mon. Scl. 1909, 71, 74; Chem. Zentr. 1907, 
7 $, I, 1083; Chem. Ztg. Rep. 1907, 31, 86; Jahr. Chem. 1905-190§, I, 1794; 
Wag. Jahr. 1906, 52, I, 446; Zts. ang. Chem. 1907, 20, 1329; Zts. Schiess. 
Spreng. 1907, 2, 35. 

2. D. R. P. 180587; abst. Mon. Sci. 1909, 71, 159; Chem. Zentr. 1907, 
78, II, 115; Jahr. Chem. 1905-1908, I, 1794; Wag. Jahr. 1907, 53, I, 419; 
Zts. ang. Chem. 1907. 20, 1196; Zts. Schiess. SpreM. 1907, 2, 55. 

3. D. R. P. 184958; abst. Mon. Sci. 1907, Tl, 160; Chem. Zentr- 1907. 
78, II, 649; Chem. Ztg. Rep. 1907, 31, 309; Jahr. Chem. 1905-1908, I, 1767; 
Wag. Jahr. 1907, 53,1, 387; Zts. ang. Chem. 1907, 20, 1195. 

4. U. S. P. 1180061, 1916; abst. J. S. C. 1 . 1916, 35, 635; C. A. 1916, 
o' 1681; Chem. Ztg. Rep. 1917, 41, 124. E. P. 4345, 1915; abst. J. S. C. I. 
1916. 35, 537; C. A. 1916, 9, 2432. Swcd. P. 40600, 1916; abst. C. A. 1916, 
9 2391 

6, E. P. 319, 1911; abst. J. S. C. I. 1911, 30, 684; Chem. Ztg. Rep. 
1911, 35, 392; C. A. 1911, 5, 3138. The process is carried out in an auto¬ 
clave provided with a stirring apparatus, liquid peroxide being first intro¬ 
duced and water added in small quantities at a time. Oxygen under pressure 
is then (orccd in. 

6. E. P. 403, 1911; abst. C. A. 1911, 5, 3136; J. S. C. I. 1911, 30, 684; 

Chem. Ztg. Rep. 1911, 35, 392. _ 

7. F. P. 396367, 1908; abst. C. A. 1911, 9, 367; Mon. Sci. 1910, 73, 
161; Chem. Ztg. Rep. 1909, 33, 279. 
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chemische Werke,’ solutions of nitrogen pentoxide and mono- 
hydrated nitric acid are first obtained by the electrolysis of solu- 
• tions of N2O4 or N2O3 in HNO3. A solution of this nature results 
in 20% N2O5. A solution of 17 parts N2O4 in 80 of HNO3 is 
placed in the anode still and electrolyzed with platinum anodes 
at a current density of 200 amperes per meter. 

Valentiner & Schwarz^ are of the opinion that the reason 
w'hy 100% nitric acid had not been prepared before the disclosure 
of their patented process was the difficulty of decomposing the 
sodium nitrate by sulfuric acid of sp. gr. 1.85 in a vacuum on a 
large scale owing to the enonnous amount of foam which in¬ 
evitably forms upon the addition of the acid, and especially at 
the middle of the operation, and the unavoidable carrying over 
of acid sodium sulfate. This frothing, however, may be greatly 
minimized by adding the sulfuric acid in small amoants at a 
time, the retort being charged w'ith the sodium nitrate and with 
not over one-third of the amount of sulfuric acid to be used, the 
remaining two-thirds I)eing introduced in portions during a period 
of one-half to one hour’s time after heat has been applied. The 
amount of sulfuric acid going into the retort is gauged by the 
speed of distillation and is calculated at such rate that there is 
always sufficient sulfuric acid iirescnt to decompose the nitrate 


into bisulfate and nitric acid. Sulfuric acid may advantageously 
be introduced by being nm into the retort neck through a vessel 
filled with pumice stone through which the nitric acid vapors are 
caused to pass before leaving the retort and in this manner they . 
are further purified and concentrated. 

F. Winteler^ deduces the following points for obtaining nitric 
acid of the highest concentration and maximum yield; 1st, the 
temperature of distillation is held as low as possible consistent 
with running off the charge in an economical period of time; 2nd, 
the contents of the retort must be unifonnly heated and special 


1. E. P. 15432, 1011; abst. J. S. C. I. 1911, 30, 1251; C. A. 19J3. 

27 D R P. 231546; abst. Mon Sci. 1915, 82, 56; Chem. Zentr. 1911, 82, 
I, 767; Chem. Ztg. Rep. 1911, 35, 111; Chem. Zts. 1911, 10, No. 2501; Wag. 
Jahr! 1911, 57, I, 471; Zts. ang. Chem. 1911, 24, 565; Zts. Schiess. bpreng. 
1911, 6, 157. See Chem. News, 1869, 20, 285; 1906, 93, 78. 

2 D R’ P 144633; abst. Mon. Sci. 1904, 81, 81; Chem. Centr. 19(», 
74, II, 694; Chem. Ztg. 1903. 27, 880; Chem. Z^. 1904, 3, 148, 164; Jahr. 
Chem. 1901, 56, 382; Wag. Jahr. 1903, 49, I, 337; Zts. ang. Chem. 1903, 16, 
898. See F. Valentiner, U. S. P. 920224, 1909. 

3. Chem. Ztg. 1905, 25, 820, 1010. 
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care observed in not over-heatinj; at any jsarticnlar place, and 
this is avoided t)y the slow and nnifonn application of the heat; 
3rd, nitric acid of hiRh.est concentration and maximum yield is 
not insured by’ the employment of highly concentrated sulfuric 
acid and previously dried sodium nitrate, but rather with sulfuric 
acid of about 92';J ; 4th, the yield of concentrated nitric acid is 
increased by keeping an abundant supply of atmospheric oxygen 
in the retort; oth, to avoid loss it is advocated to cool the dis¬ 
tilling gases as quickly as possible.' 

Refinement and Bleaching of Nitric Acid. The refinement 
of nitric acid b\’ bleaching comprizes driving olT the lower oxides 
in order that the acid may’ be rendered substantially colorless. 
This is accomplished quickly by blowing a current of air through 
the acid, gently heated air together with the gases contained in 
it being led through a small coke tower fed with water, where 
dilute nitric acid is obtained, or the ga.ses may be led into a 
system of tourelles in a manner similar to the condensation of weak 
nitric acid. This refining, while unnecessary f(jr nitric acid used 
in the manufacture of sulfuric acid, is, however, required for 
nitric acid intended for the nitration of cellulose. 

C. Casman- refines and bleaches nitric acid by passing a 
strong current of air through heated nitric acid in onler to oxidize 
the lower nitrogen oxides into the dioxide which is subsequently 
oxidized into nitric acid by means of a jet of air and steam. 

In the German patent of R. liirsch,'* the impure acid is first 
led through a stoneware worm which is heated by placing in water 
at S0° to 90°, air being blown in at the bottom, the amount of 
nitric acid fed in being so arranged that it runs out at the bottom 
at a temperature around 00°, by which means it is said to be com¬ 
pletely bleached. 

In the manufacture of nitric acid by the Griesheim process 
there is no necessity for bleaching the acid, as the latter is directly 
produced in this process in the pure state. The Chemische 

1. Sec also O. Guttmann, Clicm. Ztg. 190.">, 29, 

2. li. P. 112«a. abst. C. A. 1914, 8, ;i(i2I; J. S. C. I. 191-1, 33, 

7.m F. P. 4r)780(); abst. C. A. 1914, 8, 2(H0; Mon. Sci. 1914, 81, l.'l; Chcni. 
Ztg. Rep. 1914, 38, KXi. , 

H. D. R. P. 40090; abst. Bcr. 1889, 22, 162; Chem. Cciitr. 1889, 60, 
I, 088; Jalir. Chem. 1889, 42, 26r)l; Wag. Jald. 1889, 35, 4.50. .See J. Pratt. 
E. P. 1417.3, 1881. G. Mowbray, 1.'. S. P. 94909, 1809. J. Waldbaucr, 
Belg. P. 107370. 1902. « 
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luilirik Oricshcini’ intorjiosos bctwot'ii ll|i* nitric acid retort and 
the storage tank a relliix cooler comprizing a Kolirmani^ stone¬ 
ware'’ worm immersed in a water hath at about ()(»°. The ascend- 
ing acid vapors are thereby partially cxioled, but as the result of 
the high temperature, the lower nitrogen oxides, together with 
small amounts of chlorine, are not condensed, but are further 
liquefied in the plate tower to weak nitric acid. 

Iv. Scliallcr- has found in commercial fuming nitric acid from 
T.y'/; to bi.T';,': of lower oxygen oxides calculated as Nddi, and 
from five eighths to S.If,' sulfuric acid. 

Concentration of Nitric Acidf As far back as bstitl, I. 

1. I). R. 1’. allOiKI; atist. Mon. ,Sd. 1.S'I2, 40, I7(i; Ikr, I,H!I2. 25, 22.'!, 

Wag. Jahr. I.Sid, 37, .•!!t2; Zls. aiig. Clu'iii. IS'H, 4, OOS). ’ W. DicUiic and I.’; 
Rohrmaiin, IX R. I>, S.‘)2I0. I', do Landdllv. I). R. P. 7.|27d. 7427.'i. 7,S.‘>7:i: 

;d)st. Zts. ang. Clicin. ISill. 7, .'i07; \ton. Sci, I.S'.C). 46, IgOrBcr". IK'.M, 27, 
(i.S2; I.Sd.a, 28, dUS; Chciii. Cciitr. I,Sill, 65, It. 22t; ISil.7, 66, I, :)(i7; Jnlir. 
ClK-ni. isn t, 47, -127; Wag. Jahr. 1. SI 4, 40, I 1 0, .llid, R;4 :/,Is nng Clu in. hSlM. 
7, .4(17, 721. 

2. Clicin. Ztg. IllOt, 28, r)!l|. 

.J. In ('oniu'ctinn with the piirilicntion aiul conctMitration of nitric 
acid, see L. Rolirinami and ('■. Streil, t). R. 1>. dlKi.all. R. Ilirseh, 1). R. I’. 
■IfiOllti. ICrck, T). R. P. td724. tl. de Chardonnet, tt. R. I'. odd.t.S; .Swiss 
P. 212.4. Cheni. Intbrik ('.riesheiiii, D. R. P. 7illl)(lli; If. P. .SlU, I.SIII. A. 
lirouard, D. R. P. (12714. 1'. X'alentiner, I.). R. P. ti.42l)7; R. P. lilO, l.sll,'). 

A. Vogt and C. VV'iclimann, I). R. P. li'IO.Sil and If. P. 2201S, I.SIII, (I. Oult 
maim and L. Rohrniann, I). R. P. 7.4121; If. P. 224SI. hStll; P. S. P. 41I14SI. 
M. ITentiee, I). R. P. 711(11.7: li, P. dlKKI. IS1I.4; f. S. P. .72(111(1. C. I,ch- 
maiin and J. Walter, I). R. P. S71IS2: li. 1'. 2(12110, ISIKI. R. Valeiitiner, 
1). R. P. SS.42I, addn, to I). R. P. (1.42(17; li. P. 1!I|<I2, ISII.'). R Skoginnd. 
1). R. I>. lOtd.aT; R. P. 22Sl(i. 1,4117; P. S. P. .-,111(1.S7. Chemiseh-Ralirik 
Rhenania, I). R. P. 10(111(12. It. Rraseh, I). R. P. ,S2.->7.4; P. S, P. .-)t7()llS. 
J, IXarling and H. Rorrest, I). R. P. .S.401I7; li. P. ."iSOS. IS!I4; P. S. P. .-)170(ll. 
Verein Clieniiseher l'■al)rikcll. IP R. P. ,S."i042. W. Hieberle and I,, Rohr- 
inami, 1). R. P. ,sr>24(l, R. P. 14720, I,SOI. (1. Glock, I). R. P. 1102.74: li, P 
ISS07, ISlIll; Aust. P. 4207, 1000. C, Pebel, I). R. P, 127(147; li. P. :!.405, 
loop P. S. P. (.1SI0,S7. Valentinor and .Schwarz, I). R. P. 1440.44. Cliem. 
Werkc vorin. II. Ryk. I). R. P. 20X11.4; li. P. 20.4(1(1, lOOS; Aust. 1’. 110.41. 
f. S. P. 02,H.->17. J, Waldbauer, I). R. P. 1.7700(1. IP Nicdciifidir, 1). R. 
P. I7.70'.I7; li. IP 44.7.4, 1007; Ansi. P. 2.42.44, 1007; R. P. ,4.71712. Clicinisch- 
I'abrik (iricslieim-lilektron, I). R. P. 170,742. Salpcter.siiure Indnslrie- 
Gesollschaft, I). R. P. I,S(I0.72; R. P. I.S(1()4, 100(1; .Swiss P. .47000; Anst. P. 
2,SOSO. O. Boeters and R. WollTcnstein. I). R. P. lS0S(i7; R. P. 2.X440, 
100(1; R. P. ,471707; Aust. P. .44170; I . ,S. P. .S(lt217. O. DicITcnbach, D. R. 
IP 17474(1; Aust. I*. 2,S0(iX. R. WollTcnstein and (). Boeters, 1). R. P. 101012, 
ad<ln. to D. R. IP IXltSdo; Aust. IP 44.77(1; IP IP addn. ,S4.70 to F. IP .471707, 
C. llebel, I). R. IP 2I0,S0,4. Chemisclie-Werkc xoriii. IP Bvk, D. R. P, 
21747(1, addn. to I). R. P. 20X14.4; Swiss IP 4.7.4IX, IP P. .10040.7; Aust. 
IP 44402. li. Braucr, I). R. IP 222(1,SO; li. IP 14.4X1, 1010; Anst. IP 47107. 
I'P P. 4171(1(1. (). liugcls and F. Diirre, II. R. P. 22000(1. Badischo .Aniliu- 

tind .Soda I'abrik, D. R. P. 227.477; F. IP 4000(10. .Akticbolaget Swedish 
Nitric Syndicate, D. R. P. 24,4041; li. IP 10,702, 1000: .Swiss IP 4.X704; Aust. 
IP 44740; Fz IP 402070, O. Dieffenbaeli and C. febel, U. R, IP 24X.470. 
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Baggs* purified and conc^nlraled crude nitric acid by treatment 
with suliuric acid, the acid to be purified being placed in a series 
of 3 vessels similar to Woulfc’s bottles in contact with hot or cold 
sulfuric acid. H. Pauling'* makes use. of this principle in the 

Saccharinfabrik Akt.-Gcs. vormals Fahlberg, List & Co., D. R. P. 267869; 
E. P. 3264, 1913; F. P. 464561. Akticbolaget Swedish Nitric Syndicate, 
D. R. P. 236341; E. P. 10.591, 1909; Aust. P. .50652; F. P. 402078. F. dejahn. 
D. R. P. 252374. H. Scliellhass, D. R. P. 241711. Aktien-Gesell.schaft der 
Chem. Produkteii-Fab. Poinmerens-dorf and G. Schiller, D. R. P. 261634, 
H. Pauling, D. R. P. 257809; E. P. 22.322, 1910; Swiss P. 53245; Aust. P. 
48815; F. P. 420803; IT. S. P. 1031864. H. Pauling, D. R. P. 274165, addn. to 
D. R. P. 257809; U. S. P. 1074287; F. P. 461,326. A. Nodon, D. R. P. 274346. 
G. Gontard and F. Valentiner, E. P. 42r)4, 1907; Aust. P. 36792; F. P. .374902; 
U. S. P. 920224. C. Kaesinacher, E. P. 2382, 1908; F. P. 386783. E. Col¬ 
lett, E. P. 7597, 1913. Chem. h'abrik Griesheim Elektron, E. P. 19986, 
1905; Aust. P. 20684; F. P. 358373; U. S. P. 819262. II. Pauling. E. P. 
22320, 1910; Swiss P. 53244; Aust. P. 48816; F. P. 420804; U. S. P. 1031865. 
R. Chatfield, E. P. 16512, 1891. H, Hemingway, 1). S. P. 781826; H. Paul¬ 
ing, U. S. P. 887266. H. Hlackmore, II. S. P. 982466. E. Brauer, U. S. P. 
1008690. R. Sohlanan and C. Lundholm, U. S. P. 1009197. Verein Chem- 
i.scher Fabriken, F. P. 462290. C. t.'ebel, E. P. 19881, 1913; F. P. 461452. 
Salpetersaure Iiidustrie-Gescllschaft, Swiss P. 56360, 57.531; Aust. P. 61387. 
C. Rassi, F, P. 455.5;H, 4.55,532. C. Volz, U. S. P. 500786. J. White, U. S. 
P, 648322. W. Mills, U. S. P. 756378. I. Moscicki, Aust. P. .38937. li. 
Collett, F. P. .357221; f. S. P. 8.54928. Salvctersaure-lndustrie, F. P. 
368716. Farbwerke vorrn. Meistcr, Lucius and Briining, F. P. 4.32990. E. 
Collett, F. P. 4471(K;. M. Prentice, E. P. 8902, 1893. A. Campbell and 

A. Walker, E. P. 97,82, 1894. W. Garroway, E. P. 2466, 1895. H. Baynes 

and The Chemical and lilektrolytic Syndicate, E. P. 7273, 1895; U. S. P. 
632.394. C. Dreyfus, E. P. 13826, 1895. R. Main and W. Donald, E. P. 
23819, 1895. W. Garroway, E. P. 6777, 1899. Dct Norske Aktiesclskob 
for Elektrokemisk Industrie and B. Halvorscn, PL P. 3680, 1906. F. P. 
.317544, 32.3760, 32.5244, addn. 3.32 to .317.544, 348189, 351742, .3,54073, 357221, 
3.58373, 363157, 370977, ,371797, .374237, .374902, 380121, 38.5605, 388276, 

.389059, addn. 8459 to 371797, 390101, .396.367, .398738, 400.308, 404720, 

406806, 406969, addn. 10023 to .3742.37, 416616, 416224, 417166, 420803, 

420804, 423.893, 424.598, 432990, 43.3.502, 4.3.5197. 

1. E. P. 3269, 1866. Compare F. de»Sussex, E. P. 11.585, lj847; 590, 

1852; 1649, 2095, 1850. J, Webster, E. P. 2535, 1862. Sec J. Bouchard- 

Praceiq, F. P. 197.3.58, 1889. In the method of (). Jensen (U. S. P. 13242.55, 
1919; abst. C. A. 1920, 14, 4.54) nitric acid containing nitrogen oxides is 
passed in countercurrent to nitric acid vapors so that NjOi is expelled and 
condensed. The acid purified by this treatment is distilled and dephlegmated, 
producing dilute liquid acid and vapors of highly concentrated acid., and a 
portion of the latter is passed in countercurrent with the acid to be purified. 
Another jiortion is condensed to produce highly concentrated acid. 

2. U. S. P. 887266, 1968; 99.3868, 1911; abst. C. A. 1912, 6 , 2676; 
Chem. Ztg. Rep. 1911,35,342; Mon. Sci. 1909,71, U3; 1912,77, 18. 1031864, 
1074287, 1913; abst. C. A. 1912, 6, 2676; 1913, 7, 3821, E. P. 22037, 1909; 
22320, 22.322, 1910; 8533, 1911; abst. J. .S. C. I. 1910, 29, 211; 1911, 30, 84; 
1912, 31, 231; C. A. 1912, 6, 2825; Chem. Ztg. Rep. 1911, 35, .54, 66. F. P. 
420803, 420804, 1910; abst. J. S. C. I. 1911, 30, 284; Mon. Sci. 191.3, 79, 113. 
F. P. 461326, 1913. Cf. A. Cocking and Kynock, Ltd., E. P. 129305, 129306, 
1916; abst. C. A. 1919, 13, 2978; J, S. C. 1. 1919, 35, 680-A. E. P. Appl. 
117, 1918. In their E. P. 130638, 1918, dilute nitric acid is neutralized with 
ammonia, the resulting solution evaporated to crystallization of ammonium 
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production of concentrated nitric acid hy distilling the dili.te aci<l 
in th<! presence of concentrated sulfuric acid or other similarly 
acting hygroscopic substance, the e\’aporation of the nitric acid 
being effected in a columnar or like ajiparatus by means of a 
.countercurrent of steam, in place of the current of hot gases or 
the use of external heat. The steam is preferably superheated. 

In the concentration of nitric acid (up to monohydrate) 
according to the process of 1'. llausmann,' a mixture of nitric 
and sulfuric acids is passed in a shallow layer over the bottom 
of a still, while a current of cold air is blown (wer the surface of 
the layer, the nitric acid being witiulrawn to obtain a product 
free from nitrous acids or the lower oxides of nitrogen. 

In the N. Titlcstad method,- the nitric acid is boiled and a 
mixture of vaporized and litjuid acid introduced into a concen¬ 
trating apparatus where it is treated with a countercurrent of 
strong sulfuric acid. 

(). Jensen,'' has obtained best results by absorbing nitrous 

nitrate, and the dried salt deeoinposeil at reduced pressure with stroni; snl- 
fnrie acid (preferal)lv waste tieid from nitrating plant). See b. P. .'itllld, 

I, S,S.’jl; .StKtd. I81W; 2.-|ti.'!2, I'tOT; Iv. P. 12.').1 It. 

1. t!. S. P. Iil.'ii<l2, till.'); ahst. C, .\. I'H.t 9, I2'.». .See also X. 
Niedenfiihr, I'. P. )ird742; ahst. Mon, Sei. P.iOfI, 65, lt)2. .A. MeDtuigall, 
i;. P. IlM.'l, I.S!I9; .\iist. P, 2,80.5. .See also li. 1. Dit Pont de Nemours Co.. 
U. .S. P. 1M07II, 1015; alist. J. S. C. 1. 1015, 34, 000; Client. Ztg. Itep. 1010, 
40, 152. , 

2 P. .S. P. 1I7,H,SH.S, 1010; alist. C. .\. 1010. 10, 15.81; ahst. J. h. C. I. 
1010, 35, 055. li. P. 107i)2. 1011; J. .S. C. I. 1015, 34, 10,55. OPier patents 
l)y this lirnt tire: U. S. P. 1175000; tilist. ,T. S. C. I. lOlti, 35, 1/». 1 .8. P. 

II. 1X545, 1000521: ahst. C. A. 1014, 8, 2120. P. P. 5.8.8270, 41402.5, 42.5!)07, 

4l>,5.5()t, 405750, 400100, 4i;0001, 400002, 47.50X0, 170055, 477,2ti, 4X020.); 
airst. C. A. 1014, 8 , 5401, 5402; Moll. .Sei. 1000,71, 110; 1015,79, 121; 101,, 
84, 51; Chein. Ztg. Rep. 100,8, 32, 4.52; 1014, 38, 470, ,5X0; J. S. C. P lOlti, 
35, 40, 001; 1017, 36, 21.5, I), R. P. 2000.10: ahst. Mon. Set. 1012, 77, 00; 

Chem. Zeiitr. 1000, 80, 1, 1127; Chem. Ztg. Rep. 1000. 33, 157; Chem. Zts. 
1000, 8, No, 11X4; lahr. Client. P.tOO, 62, ,551; Wag. .[ahr. 1000, 55, I, 41,; 
Zts. ang. Chem. 1000, 22, .551; Zts. .Schiess. .Spreng, ItKlO, 4, 95. tv. P. 100000, 
1010; ah.st. J. .S, C. 1. 1017, 36, 214. Ansi, P. 5,525.8, Norw. P, 27201, 2, InO. 
1010; ahst. J. S. C. I, 1008. 27, .807; 1000, 28, 50.5; lOlO, 29, 1517; 1011, 30, 
1014; 1914, 33, liOl; 1015, 34, 872, 015, 10,55; 1010, 35, 40, 21.5, 001; 101,, 

5. I'. ,S. P. 1107205, 1010; ahst. J. S. C. 1. 1010, 35, 1200; C. A. 1010. 

10, 2000. J. Davis (!'. S. P. 15144.85; ahsl. C. A. 1010, 13, 2741; J. S. C. I, 
38, 7I.S-A) employs an apparatus fcjr oblainiiiK coiicentratcil HNOn 
from nitrous such as arc formed by tlic oxi(lati<ui of fiminoma. The 

apparatus comprizes a shaft of acid-proof masonry, having in its lower part 
a scries of arches with slots between them and filled above these arehes to 
a dejith of several feet with broken (piartz or other acitl-pro«)f material, leaving 
considerable clear space in tlic shaft above the fdUng. Ilelow the aiches is 
mounted a basin of duriron or other material resistant to the action of strong 
hot HNOj. An ovcrJlow piprleads from the basin to an acid-proof eoolei. 
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gasfs in ooncentratcd sulfuric acid, treating the solution of nitro- 
sulfonic acjd thus formed with vapors of HNOj, thus forming 
concentrated nitric acid and strong nitrous gases, absorbing the 

latter in waiter and using the 
dilute acid thus produced for 
treating the nitrosulfonic acid 
obtained by absorbing with 
nitrous gases in concentrated 
sulfuric acid. He has devized 
an apparatus for carrying out 
his process (Fig. Sti). 

Tile F. Zeisherg nitric acid 
concentration apparatus' com¬ 
prizes a still tilled with SD' ^ 
sulfuric acid and heated until 
the acid boils \igorously. A 
mixture of HNOj and H^SOi is 
fed from a tank and allowed to 
How down into a column filled 



I'.o. SO. -jE.xsK.N XiTKic .\cn> Co.s- 

CEXTR.ITION I’l.AST 


with pumice stone. Strong nitric acid vapor passes out through a 
pijX' and is condensed in the coil and drawn otT at a suitable point. 
The small amount of lower nitrogen oxides formed by decomposi¬ 
tion are absorbeil b>- water in a sejiarate tower. The temperature 
in the still is maintained around 200" and at the top of the column 
about HO", a mixture of .')()'^ nitric acid and 00' ^ sulfuric acid 
in the proportion of one to three being fed into the retort from 
an elevated tank. 

In concentrating nitric acid in a countercurrent with sul¬ 
furic acid as devized by the Norsk. Ilydro-Flektri.sk Kvaelsto- 
faktieselskab and F,. Collet,- the requisite temperature is maiu- 

I. f. S. 1’. 11071(17. lOlli; abst. C. .A. 1010, M, aitKi; J. S. C. T. 101(1, 
35, l().")«. Can. I*. 17S11.S, 1017; abst. C. lObS, 12, KH In a more recent 
pnx’ess as described by K. Zeisberg (f. S. IV 100004-S, 1010; abst. J. S. C. 1. 
1010, 38, 2S.") it) a ini.xture conlaining not less than 04', snlfurio acid and 
from .4', 2")'; nitric acid is injected into a eoneentrating tower through a 
distributor having a number of openings with a uniform discharge, ami is 
subjected therein to tin- action <jf a hot gaseous current Nitric acid vapors 
are removed from the tower anil condenseit. See B. Thomas, U. S 1’. 12tS4.')0H, 
1010; abst. J. S. C. I, lOlO, 38, 7;i-A. J. Hunter, New Zeal. IV UlOTi, lOlli. 
W. Russell, r. S. IV l;ll.72ll; abst. C. A. 1010, 13, 27K.5, has described a 
tank suitable for holding concentrated nitric acid. H. Kirchhofer, D. U. IV 
2()24()4, 1012; abst. J. S. C. I. lObi, 32, 000. 

2. Iv. IV 27240, lOb); abst. C. A. 101.7, 9, lOba. F. IV 10702, 1014; abst, 
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taiiicd in llic conccnlratinj^ tower liv iiitr^Mlueini; the nitriv acid, 
as a ijiixturo of liiiuid vapor, preferably iirodiiced by boilinj,' tlio 
nitric acid outside the tower. 


Colin' prepares fiiniine nitric acid up to a sp. gr. of l..'i, lyv 
• distilling nitric of 1.1 gravity with siilfusic acid (l.Sl) in cast 
iron enamel retorts, employing a b-way glass stopcock for .sep¬ 
arating the fractions. 

'rile H. h'rasch method for the preparation of highly concen¬ 
trated nitric acid- embraces the passing of vajMirs from the nitric 
acid retort through a lower heated above the boiling point o,[ the 
acid operated upon, and in which concentrated sulfuric acid or 
other dehydrating substance, is allowed to trickle down, anhy¬ 
drous sodium sulfate or burnt plaster of I’aris being claimed as 
efficient in this connection. 


'riiis ])rocess is somewhat similar to that of .A. lironard," who 
fortifies dilute nitric acid or the w'aste acids from nitrating proc¬ 
esses by the addition of strong sulfuric acid or other bodV having 
a powerful avidity for water, such as calcium chlorule, subse- 
(|uently distilling the mi.xture in a vessel constructed in such a 


J. S. C. I. im.'i, 34, 1(1.-,:i. I) U P. 27,s,sii,. ni|:i; al)Sl. C. A, liM.s. 9, 1101; 
Ctiem. Zciitr. 1011.85, 11, 1070; t'liem, Zlu Ke|c 1011, 38, .'C'e; Wag, Jalir 
1011, 60, I, :Vu. Zls, aiig, Cheni. ION. 27, INL’. 1). k. P. 2.S07).'i, ION; 
al)st C A 1010, 10, L’dl'O; t'lK-m. ZciiU. 1010, 87, 1. 2:i.S; II, IP!; Clicin. 
Ztg, Hep. 1010, 40, 04; Zts, aii.g. Ch. ni, 1010. 29, SO, D. R. P. g02:jS;-,; ahst. 

C. A. 1017, 11, ITig.t; Chem. Z(,g. Hep. 1010, 40, A'iO; Zt^ aiig, Clieiii. 1010, 

29, .47)2. I). K. .'KNOI.'); ahst. Client. Zeiitr. lots, 89, II, 2:!0, !•'. P. 

404000, ahst. C. A. 101 I. 8, .'N.'iO; Mnti. Sei iOlO. 83, 12; Clieiii Ztg. Hep, 
ION 38, 470. lOa.S.'iO, lOlO; aO-.i, C A ION, 8, 202,; Cliem. Ztg. Re|i 

C. A.’ 1011,38,410. Aiist. P, 71 NO, 1010; al.-i, C. A. 1010, 10, 2.')0.'). Swiss J' 

.•i7)040, 1011; 07140. 1014; 72S2I, 1010; 74.720. 7471.7. 1017. Swiss 1'. 74.7,4. 
1010' ;il)sl. C. 1017, 11, .S72. Swell. P. 11,700, 1010; ahst, C. .\- i01,._ 

li, ,720 r. S, P, 10.41,Sli.7, 1012; ahst. C. A. 1012, 6, 2070,_ f. S, P. .S.7402S. ‘ 

1007; ahst. Cliem. Zlg. Rep. 1007, 31, 471; Mmi. Sei. loth, G7.J.74. t . S. 
P. 10707)41. 1014; ahst, C. A. ION, 8, 40.7; .Moii. Sei. 1014, 81, 2,. t . P. 

1144HtO. 11.7I2S0. llaSISl, 1017; 1101020, 1010; ahsl. J, S, C. 1, 1010, 35, 
00(1 f' S. P. 1107107, 1010; ah.st. T. S C. I. 1010. 35, 10.7S. Iv P. 12047X, 
124101; ahst. J. S, C. I. 1010. 38, .H17 A; C. A. 1010. 13, 040. _ .See also, 
Norske' Aklieselskah. f, Klektrokeiiiisk Inti, and It. tlalviM'sen. 1C, P. 40.S0, 
lOOO- ahst J. S. C. I. 1000, 25, I NO, P. P. 4041.7,, 1000; ahst. J. S. C. T. 1000. 
25, 847; Mon, Sei. 1007, 69, 02, 

* 1. !•'. P. 211047: ahsl. Men. Sei. hSOl. 37, ,802. _ 

2. f. S, P. ,717008, hSOI. I). R. P ,S27i.8; ahsl, Wa.g. Jtilir, hSO.). 

*4* D R P 02714; ahst. Her. 1.802, 25, 000; Wag. Jalir. 1,802. 38, 470; 

Zts !ftw Cheiti 1,802 5, 447. Ror details of the H. Thomas method of 
concentrating nitric aci.l, see 17 S. P. 

H)(). C. McCoifrl, Can. V. IlMS; ahst. C. A. 13, 
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inannei that the vapors are caused to travel in a zig-zag direction. 

The concentration process of C. Uebel' is best acconipHshed 
in stages, the dilute nitric acid being distilled, first at higher 
temperatures with sulfuric acid of medium etincentration, the 
distillate being then brought in contact with more concentrated 
vitriol. From this second treatment the nitric acid is obtained 
in 70't, to T.')' ;, concentration, and is rendered still further an¬ 
hydrous by re-distillation where a vapor of OO'/^. to t)2% results. 
This, by partial cooling, can be made to yield a large fraction of 
!).■)' (, to ys' y absolute IINO3. It is claimed also that the waste 
acid from nitrating processes may be economically utilized by 
this method. According to the processes of the Swedish Nitric 
vSyndicate,- weak nitric acid, preferably that obtained by the 
oxidation of atmospheric nitrogen, may be advantageously con¬ 
centrated by distilling with sulfuric acid in a continuous manner, 
the acids flowing down an externally heated column where they 
meet a cjirrent of hot air passing upwards in the same column. 
Or, concentration may be advantageously effected in two stages, 
in the first of w'hich about (iO' strength is obtained by direct 

1. D. R, P. 21080;i; ahst. Mon. Sci. J!II2, 77, H!); Clioiii. Zi-ntr. 11)0!), 
80, I), 1.59; Chem. Zlx. Kcp. 1909, 33, .TjO; Cheni. Z(s. 1910, 9, No. 1.5(io; 
Jahr. Chem. 1909, 62, ;T!(i; Wax. Jahr 1909, 55, I, 41H; Zls. anx. Chcin. 
1909, 22, 1408; Zts. SdiiLss. Spreiix. 1909, 4, 291, Compare also: D. Monlicth, 
f. .S P. 1271.449, 1918; abst. C. A. 1918, 12, 1848; li. Bergve, IF. .S. P. I27;!99l, 
1918; abst. C. A, 1918, 12, 2141.5; II. Paulinx, t'. S. P. 1074287, lOl.i; abst. 
J. S. C. I. 191.4, 32, 1009; Baxley, K. P. Appl. 4790, 1918; abst. J. S. C. I. 1918, 
37, 19.5-A; li. Maxteil and T. .Smith, li. P. Api)l. 4900, 1917; abst. J. S. 
C. I. 1917, 36, 40; Meister, Bucius & Brnening, li. P. 1.4842, 1914; D. K. P. 
Appl. June 21, 1914; abst. J. S. C. I. 1914, 33, XV; Command.-Gescllsehaft 
fur den Ban von Peucringsverd, addn. to K. P. 411770, 1901; abst. J. S. C. 
I. 19(44, 22, 297; Norsk. Hydro lilektri.sk Kvaelstofaktieselskab, I). B. P. 
40.591.5, 191.5, addn. to D. R. P. 278807; P. P. 40.5.504, 191,4; abst. J. S. C. I. 
'1914, 33, 400-A, 044; T. Oliver, U. .S. P. 119507.5, 1910; abst. J..S C. 1. 1910, 
35, 101,5; li. Bergve, IF. ,S, P. I27499I, 1918; abst. J. S. C. 1. 1918, 37, 022-A; 
Norsk. Hydro lilektrisk Kvaesltofakticselskab, li. P. 110495, 1918; abst. C. 
A. 1918, 37, 2114; H. Hcheftlein, P. P. 451515, 1912; abst. J. .S. C. I. 1914. 
32, 001. 

2. li. P. 0205, 1908; abst. J. .S. C. I. 1908, 27, ,501. K. P. 10.591, 1(4592, 

1909; abst. C. A. 1911, 5, 102; J. vS. C. 1. 1910, 29, 88, 212. P. P. 4,50019, 
45(Ki20, 402078, 402079; abst. J. S. C. 1. 1909, 28, 1197; J. vSoc. Dyers Col. 
1905, 21, 182; Mon. Sei. 1900, 65, 101; Chem. Ztg. lOai, 29, 749. .Swiss P. 
487a4, 1909. D. R. P. 17(458.5; abst. Zts. ang. Chem. 1907, 20, 424. 179825; 

alxst. Zts. ang. Chem. 1907, 20, 1427. D. R. P. 188241, 19(M; abst. Zts. ang. 
Chem. 1908, 21, .5.58. D. R. P. 24.4a41, 2.40.441; abst, Zts. ang. Chem. 1911,24, 
1.580; Chem. Zentr. 1911, II. 214; C. A. 19) 1, 5, 4012. Aust. P. 4.4740, 1910; 
.500.52. .See also P. Sohlman and C. I.undholm, U. S. P. 1009197, 1911; 
abst. C. A. 1912, 6, 277; J. Soc. Dyers Col. 1912, 28, 44. J. .Sohlman and 
W. Wilson, U. .S. P. 1009190, 1911; abst. C. A. 1912, 6 , 277; Mon. .Sei. 1012, 
77, 140. 
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contact with the nascs from an electric flirnacc; and in tlfc second 
or Snal phase, to Od'absohite nitric acid is ohtainalile 

by distilling the strong sulfnrie acid as above mentioned. The 
w'aste heat from tfie furnace gases is ingeniously ulili/.ed. 

The essence of the invention of ().• 1 ticITenbach' resides in 
tlie fact tliat, in concentrating dilute nitric acid, the heretofore 
used concentrated sulfuric acid is substituted by alkaline poly¬ 
sulfates, as NallSO-i, ll-.sSOn or NaLiSaOy.IfoSt > 4 , claim being based 
on the fact that these bodies do not decompose when concentrated 
as is the case with sulfuric acid. In an example cited, if lOO.grams 
of nitric acid of d()° lie. are heated with one kilo of ])olysulfate of 
the composition of NallS()|.lI;S( )|, to III.')® to I'iO", the major 
portion of nitric acid distills olT as O.')', IlXt).,, the remaining 
])olvsulfate being readilv recTwered and concentrated. This is 
similar to the process of the Chemische Fabrik (iriesheim-Ivlek- 
tron,- in which the dilute nitric acid at lib® to bid® is mixed 
with ])olvsulfate, the concentrated acid being then distilled off 
and the temperature raised to to dbO" in order to dehydrate 
the polysidfates for economical re use. 

Iv Hrauer" has patented the use of phosjdioric or arsenic 
acid, alone or mixed, as a hygroscopic body for the removal of 
water from dilute nitric acid. 

O. I tiefl'enbach and C. Uebcl' iiri'fcr pyro- or meta-phos 
phoric acids or the analogous arsenic acids or ;icid salts ol these 
in ve.ssels made of quartz, they ha\ing found that upon heating 
aiiueons nitric acid to 111 )® lb')" with pyro-phosphoric acid a 
nitric aciil of !)()' ,' strength is obtainable. The ortho-phos])horic 


1. I), K. I’. ino.'!: alisl. C. .\. lUO,. 1, Mon. ,Sei. lilD.H." 

69, I.').'!' CIn-Tii. Centr. I'.MIO, 77, 11, UliH; Client, Zti;. Ke|> I'.HIti. 30, liH.i; 
Cheiii. Zts, m07. 6 , III; hilir. Cheiii. I!ll).‘i l!i().s. 1, bdb WsR. Jnlns liKKl, 
52, I, -1411; Zts, aiiK. Cluin, I1M)7. 20, 117.'!; Zts. Schiess. .Spreni;. IlMIO, 1, hhl. 
IC 1>. .-blli.S.H, Aiist. 1’. gSnii.S, liH)7. 

2. b. S. F. .Sm2li2; alist. Clieni, Zts, 190(1, 5, .'t0.i; Mon. Sci, lOOi. 
67, 12. !•'. F. .■i.7,S!;i7;!; abst. Mon. .Sci, 1900. 65, I2.S; Chcni. Ztg. 1900, 30, 
224. li. F. 199S0, l')(l.">: abst. J. S. C. I. lOIICi, 25, 090. 

. 3 . i:. S. F. lOttSOiK), 1911; abst. C, A. 1912, 6 , 277. F. F. l-Fi.Sl, 

ItllO; abst. C. A. 1911, 5, 292(1; J. S. C. I. 1911, 30, 27. Aiist. 4.10.1, 
0 ) 1 ( 1 . F. I>. 417100, 1910; abst. Mon. .Sci, 1913. 79, .S.'!, 1). K. F. 222b.S0, 

abst. .Mon. .Sci. 1914, 81, 77; Cliein. Zcnlr. 1910,81, It, 2.73, Cliem. Ztg. Kep. 
1910, 34, 297; falir. Chem. 1910, 63, b (7X7; Wa.i;. Jahr. 1910, 56, I, bS-b Zts. 
anK..Chcrn. IIIH), 23, 13 ,So; Zts. .Scliicss. .Spreng, 1910,5,2.7.. Anst. ]>.-li Ula. 
4 D It F 23.S37(I, 1909; abst. C. .\. 1912, 6 , 1003; Clicin. Zentr. 1911, 

82, II, I07K; Client. Ztg. Fcp. 1911, 35, .70.3; Wag. Jalir. 1911, 57, I, 470; 
Zts. ang. Client. 1911, 24 > 2029; Zts. Scltiess. Spreng. 1911, 6 , 411. 
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acid rcniainiiij; is ri'-trcatcd into pyro-pliosplioric acid by heating 
to 210° 2;{.')°. In the distillation of nitric acid, according todhe 
process of 1'. Beers, a still is heated by hot oil which is circulated 
through a jacket around the still, the atmosphereuof the still being 
regulated by \arying tK)th the ([uantity and the temperature of 
the oil brought into contact with the still.' In another process,* 
highly concentrated nitric acid is obtained by utilization of the 
heat of the nitrogen oxide-containing gases coming from the elec¬ 
tric furnace, the dilute nitric acid being first concentrated to the 
fullest extent possible by direct contact with the hot gases, the 
product being then highly concentrated by distillation with strong 
sulfuric acid. 

1). Collet'’ employs hot wafer as the means to concentrate, 
nitric acid, the escaping gases and vapors being passed through 
a column fed with dilute nitric acid, then through a cooling mem¬ 
ber and finally into and through a vessel filled with lumps of cpiick- 
lime. It i.'j claimed that 99', nitric acid may be obtained by this 
method, and more eeonomically than by any other method here¬ 
tofore disclosed. 

(.). Boeters and R. WollTenstein' heat ordinary nitric acid of 
li.l' f to 79'in an iron reUjrt to which is connected a series of 
stoneware receivers kept at about 199° by water-, oil- or sand- 

1. V. S. I'. lUDIi.'il, 1!9.'); alist. C. .A. I!9.‘), 9, I.S-'jg: Cliom. Zts. Hop. 
I>9(). 40, l.t-’. 

2. Aktiolxil. Swodish Mitrio Sviiilikato, I). H. 1’. g.'i.'idai. !!*!)'(; abst. 
C. A. I!)ll, 5, 2710; Ctieni. Zontr. liill, 82, I, 1201; Cliom. ZtK. Hop. 1011, 
J5, 220; Wag. Jahr. 1011.57, I. lOS; Zts. ang. Cliom. 1011, 21, S.".0; Zls. 
Schioss. viproiig. 1011, 6, l.’iO. I.). H. P. 200,‘l-ll, 1000; abst. C. 1011, 5, 
.iObi; Chom. Zontr. 1011, 82, fl, .114; Cliom. Ztg. Hop. 1011, 35, .402; Wag. 
Jahr. 1011, 57, I, lO'l; Zts. aiig. Cliom. Itlll, 24, l.a.S(). Aiist 1’. 12710, 1010. 

• • 3. f. .S, H. 37)102,S. l(KW43;i; abst. J .S. C J. 1010, 29, 1010; 1070.A41, 

lb')3«-l(), 101,'i; abst. C. A. lOl.'i, 9, 1374. vSoo also C. A. 101.',, 9, 7,10. 
11.3R400, 11,’)S1«1, lOl.'i; abst. C. A. lOl.'i, 9, 3330. 11,S4020, 1010; abst. 

C A. 1010, 10, 1010. Iv. I*. 200!)3, 1012; 7.707, 1013; abst. C. A «I14, 8, 
.•■912. K. P. 22740, 1013; abst. C. A. 101.7, 9, ,S.70. I'. P. 3.77221; abst. C. A. 

I!I07. 1, 477; Mon. Sci. HlOO, 65, 120. p. P. 41270S, 447100, 1012; abst. C. A. 
1013 7, 24.77; Mon. .Sci. 1013, 79, 70; Chtm. Ztg. Hep. 1013, 37, 180. F. P. 
4.70448; abst. C. A. 1013, 7, 2000; Chem. Ztg. Hep. 1013, 37, 281. Aust 
P. 02100. Can. P. 1,77480, 1.77400. Nor. P. 1302,7; abst. Cliem. Ztg. 100.7 
29, 4.77; .Mon. Sci. 100,7, 63, 110. 

4. D. R. P, 18080.7; abst. Mon. Sci. It,10, 73, 00; Chom. Zentr. 1007, 
78, n, 10.7-4; Chem, Zts. 1007, 6, No. 424; Jahr. Chem. lOO.V-1008, 1, 170.7; 
Wag. Jahr. 1007, 53, I. 4(H»; Zts. ang. Chem. 1008, 21, 708; Zls. .Schiess. 
■Spreng. 1007, 2, 410. D. K. P. 119012; abst. Mon. .Set. 1010, 73, 67; Chem. 
Zentr, 1008, 79, 1, 31.7; Chem. Ztg. Hep. 1007, 31, 033; Chem. Zts. 1008, 7, 
490; Jahr. Chem. 190,7 -1908, I, 179.7; Wag. Jahr. 1007, 53, I,'410; Zts. ang. 
Chem. 1908, 21, 708; Zts. Schiess. Spreng. 1907, 2^ 4.7.7. 
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bath, the.sc licinsr charged with a dchydraU'd nitrate. \(^hcii this 
has* absorbed siitTieient water, tliat particular receiver is discon¬ 
nected from the series by means ol a d-way lulie and is coniu cted 
with a vacniim whereby the nitrate is dehydrated and purified 
for re-use. .\s a specilic nitrate for dehydration,' these inven¬ 
tors specify calcium nitrate dehydrated at l.'ill” to 2110°, by 
which treatment it assumes a highly porous character. 

h'or the concentration of nitric acid up to (i.'!',; strength, 
from 1.2,') to !..■) parts of calcium nitrate is said to be required. 

the harbwerke vorm. Meister, kucius and Rriining" dissolve 
gases of liiiuid nitrogen peroxide in commercial nitric ai-id of (11)''; 
to (12^',' strength, treating this mixture with oxygen whereby the 
peroxide is oxidized to nitric acid, and concentrated acid thereby 
obtained. 

Ihe i>rocess of the ,Salpetersaure Industrie ('icsellschaft is 
analogous." 

'riie iiuproN'ement in nitric acid concentration j.Tocesscs as 
devized by 11. Pauling' is I'haracterized, first, bv electrolyzing 
aqueous nitric acid, liquefying the nitric oxides generated at the 
cathode, and passing the |)rodui.'t into tie.' acid siirroumling the* 
anode; and secondly, by filling the anode leg of the f tube adapted 
for electrolysis with sulfuric acid, and the cathode leg with dilute 
nitric acid, this liiinid then being electrolyzed. 

'file ,Sal])eters;iure Industrie ('lesellschafl' ha\e called atten- 

1. P. ,S. P. .S(W2I7, I!I07; alisl. Mon, s,.j, liias. 69, I!) ]■' I> -‘.SUn 

ahst. C. .A. I!I(I7. 1, 2.‘i2J; J. S. f, I, l(i()7. 26, 7i;i), K. P. :i7l7!l7; 

al)sl. Mon. .Sei. I!I().S, 69, .SI; Clieiii Zu; Rep. 11107. 31, 17.‘>. l.x.*!; puts. 32, 
21.7, I). R. J'. 02711: Her. I,SU2, 25, 000; Was. .hilir. I,S02, 38, :i.'>0; 

Zts, an,!;. Cliein. I,S02. 5, 

2. I*. P. I,70)S. 1011; ahsl. I. ,S, f. I, ION. 30, o;!ll: 1012. 31, 77i-(“ 
C. .A. 10i;>, 7, 222. P. 1>. -l.'igOOO, 1011; ah.sl, J, ,S. C. 1 1012. 31, P>7- C 
A. 1012, 6, 2.702; Mon. ,Sei. lOl.'i. 79, l:i0; Clu-nf Zl.e. Rep. I.il2. 36, 10.7. 

1*'. P. ;!0,S710, 1000; absl. ). ,S. C, 1. 1007.26,21. I). R. P. 2IO:t2S; 

ahst. C. A. 1012. 6, 20St: Cliein,'Zenli. 1012, 83, II. tO-1; t'tieni. Zig, Re))’ 
1012, 36, 102; Wag. Jalir. 1012, 58, I. 110: Zts. aiie. Clietn. 1012, 25, 1040; 
i'or (he nianiifaelnre of highly ((nieenlr.ited nitrie arid aeeording to Ihe 
Cheinisehe h'abrik Rhenania. see li, P. 2,-2l(). bSOS; 1 1 . R. P. l(KiO()2; absl. 
Mon. ,Sei. 100(1, 56, 117; t'hein. Ceulr. 1000, 71, I, OdO; Chem. Ztg. 1000, 
S4, SO; Clieni. Zts. 1002, 1, I t: Iain, t'tiein. 1000. 53, 2;i0: Wag. Jahr. ISOO, 
45, 407; Zts. ang. Cheni. ISOO, 12, 1 l.'is. Swiss p. 24001, 1001, 

4. !•;. P. bSOOii, 1000; absl. C. A. 1007, 1, 1171, 1101; .1. S. C. 1. 1007, 

26, 17)7. For the eontimions proeess of nittie aeid distillation of M. Pren- 
tie», see K. P. (iOliO, I.SOd; p. S, P. o2(il l(i, I,SO.'!; D. R. P. 7!l(;4,7; ahst. Her. 
lRt).7, 28, 4.S2; Jahr, Cheni. hSOo. 48, .700; Wag. Jalir. IS0.7, 41, 4.70; Zts. 
ang. Chem. Itto.7, 8 , 170. 

.7. li. I'. IRl I.'!, Il|i;;; 2:t;!,S.7, lOO.S; absl, J S. C. I. 1010, 29, ,S.S; 101 1, 
33, 700. 1). R. P» l,S00.72, 100.7; ;d)st. C. A. 1!I07, 1, lO.'iO: Mon. Sei. 1000, 71, 
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lion to tile fact that in concentrating (iilute nitric acid by dis¬ 
tilling in the presence of sulfuric acid or other hygroscopic agent 
with the aid t)f a countercurrent of steam or a mixture of gas 
and steam, a portion of the concentrated acid obtained as dis¬ 
tillate is returned to the mixture under treatment. By this means 
a less concentrated vitriol than that usually employed may be 
used as the desiccant. The nitric acid thus returned is prefer¬ 
ably the relatively weak acid obtained in the first of the series 
of condensers. The process is claimed to be especially applicable 
to the reco\ ery of the waste acids obtained in the manufacture 
of nitroglycerol. 

The Vercin Chemi.sche Fabriken in Mannheim' interpose 
between the still and the condensing units a dcphlegmator from 
which the dilute acid runs back into the still as it condenses. 
The atmosphere of the dephlcgmator is maintained in the neigh¬ 
borhood of 8.3“ in order that the concentrated acid may pass on 
to the condensing apparatus. Nitric acid of (iO* is con¬ 

centrated to a higher point by the Farbwerkc Ilochst, vorm. 
Meister, Bucius & Briining,- by passing a mixture of nitrogen 
peroxide and oxygen through it. Compressed oxygen may also 
be employed," the escaping nitric oxide and oxygen gases being 

74; Chctii, Zentr. 1907, 78, I, 10,Sit; Clicm. /An. Rep. 1907, 31, ,S(i; Jahr. 
Chem. 190.7- I90.S, I, 1794; Wax. Jahr. l9(Hi, 52, 1. 440; Zts. anx. Clicm. 
1907, 20, i;i29; Zts. Schics.s. Sprciig. 1907, 2, O."). D. R. P. 211919, 1907; 
abst. C. A. 1910, 4, 2:iS: Mon. ,Sii. 1912, 77, 99; Chciii Zentr. 1909, 80, 11, 
944; Clieni. Ztg. Rep. 1909, 33, 420; Jahr. Chem. 1909, 62, I, .17,'!; Wag. 
Jahr. I9(W, 55, I, 0(H; Zts aiig. Chem. 1909, 22, 1724. K. P. .174227, 1907; 
407122, 1910; abst. Mon. .Sci. 190,2, 69, 129; 4910, 73, 17.7; Chem, Ztg. Rep. 
1907, 31, 2(H); 19(H), 33, 299; 1910, 34, IS7. .\nst. P. (il2,S7. 

1. D, R. P. 2.7042; abst. Her. 1.S9C, 29, 21.7; Chem. Ztg. 1.290, 20, 

lyti; Wax. Jahr. 1.290, 42, 40.2; Zts. anx. Chem. IH90, 9, 129. 1). R. P. 
2S1211, 1914; abst. Chem. Zeutr. 191.7, 86 , I, 229; Chem. Ztx. Re|). 191.7, 
39, 21; Zts, ang. Chem. 191,7, 28, S2. K, P.20129, 1912. P. P. 402290, 1914; 
abst. C. A, 1914, 8, 2404; Chem, Ztg. Rep. 1914, 38, 220, Hausmaiin, C. S. 
P. 111,7192; abst. C. A. 191.7, 9, 129; Mon. Sci. 191,7 82, 18. 

2. P. P. 422990, 1911; abst. C. A, 1912, 6, 2,702; J. S. C. I. 1912, 31, 

127; Mon. .Sci. 1912, 79, 120; Chem. Ztg. Rep. 1912, 36, 10.7. 

2. Parbwerke vorm. Meister bueius u. Hriininx, 1C. P. 1.794.8, 1911; 
abst. C. A. 1912, 7, 222; J. ,8. C. 1. Kill, 30, 9.30; 1912, 31, 77,7. IC. P. 12842, 
1912; abst. C. A. 191.7, 9, 2227. IC. P. 424.7, 1917; abst. C. A. 1910, 10, 
1281; J. .S. C. I, 1910, 35, .727. P. P. 422702, 4.72.817 addn. dated April 17. 
1914, to P. P, 4.73.81.7,472777; abst. J. S. C. 1. 1914, 33, 482; 191.7, 34, 491, 
7.72. C. A. 1912, 7, ;i(>1.7; Chem. Ztx. Rc|). 1912, 37, 474; U. S. P. 

12.73,734, 1918; abst. 1. S. C. I. 1918, 37, A. 1.70. D. R, P. 220.739, 24922,8, 

>49229, 2807.71, 1910; abst. C. A. 1912, 6, 2984; 1910, 10, 1112; Mon. .Sci. 
1911, 81, 70; Chem. Zentr. 1910, 81, 1, 1297; 1912, 83, 11, 4«4; 1917, 88, 
I, 028; Chem. Ztg. Rep. 1910, 34, 179; 1912, 36, 44.7, 402; 1917, 39, 2.77; 
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gradually rc-introdiiccd into the process in small ainonnls. 

The iSociete he Nitroyene' mannfactiire concentrated nitric 
acid from NjOi liy trealimj a molecnlar mixture of the Ndli and 
water with oxy^ien nnih'r pressure. They also claim that w'ood 
charcoal saturated with pero.xide ma\' be advantayaonsly employed. 

In order to avoid the use of ex]iensive vessels for distilliii"' 
crude nitric acid, as those of porcelain or jilatimnn, J. Wald- 
haner- tills the stills [lartially full of such yramilar material as 
sand, ])el)l)les, Iiroken ydass, or otlna form of silica, jireferably 
insniatinii tlu- sides of the vessel iiv placing line sand, followed 
In' a layer of coarsi-r sand toward the center and laryer ])el>l)les 
in the middle. 'I'he acid is run into this still and is intended to 
be evaporated befori' it reaches the walls ol the still. This 
process if, snccessfid, admits of the emjdovment ol stills made ol 
cheap and durable materials which wonid be misnitidile if the acid 
came in direct contact with it. 

C. Schlarb' takes nitrons yases from an\ sonree, trrats them 
w ith water in the presence of iron, alnmininm or chrominm oxides 
or basii- nitrates, siibseiiinihlv dri\iny off Ihi' nitric acid from 
the nitrate liiptors obtained bv contimions hiatiny nnder dimin¬ 
ished ])ressnre. 

In the Vielinylioff Scheel jiidcrss' the acid is conceiitraterl 

ciu iii. Zls. I'.nn, 9, N(I isvil; Jahr. Ciieni, ISlO, 63, 1, ,TS,S; Way. .lain. lUKI. 
56, I I,SO- l!)lL> 58, 1. I Hi. 117; /Is, any e'lnali, I'.MO. 23, 10,'ill, lOlL’, 25, 
mi!i: /Is. Sehiess. ,S|.reny 1010, 5, 17.7, 1010, 7, ll.S; I). K. I', y,S0,-,r.2. Ad.ln, to 
L’Sli7.‘il ; alisl. Clu iii. ZenO . lolo, 87, I. 107. Chein. Zly. Kep. lOlil, 40, 4S; 
/Is an.y Cliein, lOlli, 29, 00. alisi e . .\. 1010, 10,/Ol’O. ,\.itu, I'./.OOI, 
1010-alls! C. 1010, 10,/7,s7. .Sweil. I'. 0 l,so.‘.,_ 10000, 4 17.‘)l, 1010; alist 
C a’ 1017 11, 1200 .Swiss 1'. .•.0.70.7, .-,70.70, 001,,. .jOsO .\usl, P. Appl. 
70.S2 101.7. Ansi. P. 71.7212, .7,7212. ,77711, \elh P ,0l;alist. Cluan Zty. _ 

Rep.' 1010, 37,:il.7;C. A. I0I:;.7, •12.72, I . S P. iM. Moest. R. v. lO-rneet;" 
and I. (Ipb 10.70100 iM Alorsl and .M I'Tk.iisIt >. II 17102. 1017. ahsf. C. A. 
look 7, .S71: 101.7,9, 101.7, L'1)2, I''. Id, rsler ;nid M, Knell,/,s. any.liein, 

lOO.S, 21, 2I0.S _ 

1, p. IMd, lOM; aOsl. t'lieiii Ziy, Rep. 1012. 36, .1,1. 1'. 1. 

■I'MaO.S loll - alls! f. A. 1012, 6, 1000, Muii. Sei. 1010, 79, IIS; Cliein. Zty 
Rep. 1011, 35, :ili:;. Ansi P, Appl. A Idd; Ansi P. .Tilts, loll 
I I.eileli li P. Apiil. 1201 I. 1010; ahsl. ,|, ,S, t . I. loio. 35, •> 

2. 1). " *.. " 

74, II, 1207 
Cliein P.IOI 

:{ 1) R P. 2111X10; at, St C. A. 1012, 6, 220il; Cluan. Zenli._l0l2, 

83, I*, ,S07; Cliein. Ziy. Rep, 1012, 36, 1.70, Way ,|ahr. 1012, 58,_ I, II, ; /Is 
any. Clieiii. 1012, 25, .700; /Is Selne.s, Spreiiy. 10P_. 7, IX.,. 
.71020,1011. * 

4. I). K, P. Appl. \:-.X2.Sl. 


Sec als(.) 


•: A|tl>l. i. r.Mh; J. e . I. .M. 

. R. P. 1.7,7000: aOst. .Mnn. ,Sei, 100.7, 63, .71; Clieni. teiitr, 1001, 

i7' Ciiein /tyj. MMH, 28, 1001: is'liein. Zts hM).'), 4, 12o; Jalir. 
I,' 57 , 400; Way. Jain. lOOl, 50, I. dliX; Zts. an.y. Cliein. 100.7, 


Ansi. P. 
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by first converting into amnioniuni nitrate which is dried and 
distilled with strong sulfuric acid. 

The mechanical arrangement devized by G. Plath' for the 
production of a colorless and concentrated nitric acid comprizes 
interposing a cooling Worm about SO feet long Ix-twccn perpen¬ 
dicular cooling pipes and the receiver, air being forced through 
in the direction contrary to the current of acid, the temperature 
of the chamber being regulated in such a manner that the cooled 
fraction is obtained substantially free from the lower nitrogen 
oxide^. 

F. Hale and A. Scott- absorb the dilute nitric acid in kiesel- 
guhr or other diatomaceous material, afterwards heating this under 
reduced pressure in an earthenware or cast-iron retort. By ad- 
iu-sting the'temperature and speed of distillation and the abso¬ 
luteness of vacuum, a wide range in concentration of nitric acid 
may be effected. 

In tlfc F. Nathan and J. and W. 'I'liomson process which has 
been widely used,'' nitric acid vapors are pas.sed from the bottom 
upwards through cooling worms which, in turn, arc immersed in 
running water to the top of the coil. The upper ends of the 
worms being connected with a vacuum, nitric acid issuing at the 
bottom is substantially free of lower nitrogen oxides. 

W. IIoF and G. Krelb’ and the Sprengstoff .Vkt.-Cjes. Car- 
bonit" have also obtained patent protection for the distillation 
and concentration of nitric acid. 

T. Raschig^ distils nitric acid., with concentrated, sulfuric 

1. K. I>. nl.-!.'!. I'.MII; ahst. J. .S, C. I. lll(K, 21, 772. 

2. K. I'. 24;;7!I. HiKI- atist. C H»i2. 6, l.s(M; J. .S. C. I. lull, 30, 

'12.51; Cliciti. Zt)!. Hep. IUI2. 36, 171). K. P. J'.IIO; abst. C. A. 1012, 6, 

1506; J. S. C. I. 1011, 30, 12.51; Clum. ZtK. Uep. 1012, 36, 104. 

:i. E. P. 4I)»>.SI)(>; abst. Clii-m ZlK. Hip. 1010, 34, 1.51. 

4. 1). R. P. 270i;il, 1012. abst. C A. 101.5, 9, I2;{l; Cliiii;'. Zintr. 

1014, 85, 11, I07.S: Cluiii. Ztz. Hip. 1014, 38, 5.57: Was. Jalir. 1014, 60, 
I, .50»; Zts. ang. Cliini. 1014, 27, 017. E. P. 40.i20H; abst. C. A. 1014, 8, 
2007; Chum Ztg. Hi i). 101 1 , 38, 2.50. 

.5. K. P. 4{K);{, l!)07; abst. C A. 1007, 1, O.'iO, O.5.S. 

0. Iv P. 118.54, lObi; abst. C. A. 1014, 8, 2.S07; J. S. C. 1. lOPi, 32, 
Ii;i0; Chum. Ztg. Hup 1014, 38, 200. • 

7. D. K. P. 2S0122; abst. Chum. Ztg. Hup. 101.5, 39, 200; Zts. ang. 
Chum. 101.5, 28, 444. I). H. P. 280072, 1014; abst. J. S. C. 1. 1010, 25, 114; 
Chum. Zunir. 1017, 88, 1, 720; Chum. Ztg. Hup. 101.5, 39, 287; Zts. ang. 
Chem. 191.5, 28, ,522. I). H. P. 202022; abst. J. S. C. I. 1010, 35, OlO; Chum, 
Ztg. Rep. 1010, 40, 227; Zts. ang. Chum. 1910, 29, 208. U. S. 1’. 1120104, 
1162174; ab.st. J. S. C. I. 1010, 35, 110. IC. P. 2208, 101,5; abst. J. S. C. 1. 
191.5, 34, 902. E. Nathan anil J. anil W. Thiimson, !•'. P. 400800; abst. 
Chem. Ztg. Hup. 1910, 34, 1.51, 
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acid at atincsplieric pressure, the dilute’sulfuric acid remaining 
beins fed continuously and automatically through a bent bar¬ 
ometer tube into a heated vacuum pan situated above, its ascent 
being assisted by the introduction of air bubbles into the bar¬ 
ometer tube, when concentrated sulfiin’c acid is passed back 
by gravity down a similar tube into the first pan. Spent nitrat¬ 
ing acid may be resolved in this way into water, nitric acid and 
sulfuric acirl, the last named being removerl froni circulation 
without interrupting the process. Any nitrosulfonic acid formed 
in the process is converted into nitric and sulfuric acids by intro¬ 
ducing hyilrogen peroxide or Caro's acid with nitric acid. ’ 

'file method of M. Moesl' for preparing highlv concentrated 
nitric acid involves mixing the nitric acid with a larger pro|)or- 
tion of liriuid .NtC than corresjiouds with the maximum solubility, 
and claims that if tiiis mixture is left at rest two thin separate 
layers are rapidly formed, 'file obserralion has lnen made that 
each (if these homogeneous layers again consists of nitric acid and 
nitrogen peroxide, and that one of these lavers usuallv that of 
the lower sjiecilic gravity ('ontains a more concentrated acid — 
iiiKler favorable e'onditions, nitric acid of aljout KKf , strength. 
It thus be-comes ])ossiblc to separate the nitric acid and waiter 
from arpicous nitric acid by introducing nitrogen peroxide. 

f,. Frideric'lf- prepares highlv cimccntrated nitric acid by 
treating a mixture of c((ual molecular proportions of nitric per¬ 
oxide and water with oxvgcn under |)ressure. The process is 
carried out in an autoclave proeided with a stirring apparatus, 

1. li. I'. I.'f l.'i, llll.‘i; V. S. I’. M.SIMliil; .Swol. P. tlliiOO; ahst. J. S. C. 

I. initi. 35, .TP,', (i.'l.s; Cliem Xlg. Kcp. Ial7. 41, 121. .Sts- \’(n-iu ClK-aii.sohe 
Kalirikeii. Iv. P. 20I.S!I, PIp!, alwt. .1. S f. I PMI. 33, PS.V Willi the Ik. 
Dawson ili. 1'. IgOSlill. P.MS; J. S, C. I. PUP. 38, Pil iiiMiaratiis, in the ab¬ 
sorption of nitrons gases by projei-tiiig spiays of waU-r or weak leid Ironi tlie 
bottom of an iinobstnieteit tower by nu-aiis ot air iel-i. each jet is prot'ideii 
with a funnel shaped attaehnient 'the wide end of tin- lunnel projects 
above tile le\'el of the litpiiii in the lowa-i. while the apex snrroninD. and is 
attached to the jet at a point some dislant-e b;-low the water level, .-tecess 
of the litpiid to the interior of the fintnel is obtained by means of holes near 
the apex and just below the tip of the jet. Hy me.nis ol this device eflieient 
spraying can he effeeted notwithstanding variations in the level of licpiid 
in the tower. 

2. K. P. ;ilil. nil I : abst. C. lul l. 5, dPili; J S. C 1, PH 1. 30, tuS-l, 
Client. Zig. Hep. PHI. 35, ii'.lg. According to P. C.nye (Iv- P. PH-'Ido. PH«; 

J. S C. 1. PHtl, 38, 7(i.'f-A) aipieons nitric acid is eoneeiitrated Ip- passing 
into* it a eiirreiit of ozonized oxygen or air and nitrogen peroxide which 
interact to forjn nitric anhydride, the latter combining with the water present 
in the nitric acid, 
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liquid peroxide being ft.st introduced and the water added in 
small cinantities at a time while oxygen under pressure is being 
forced in. The I. Heebeid)leikner api)aratus' comprizes a series 
of absor])tion towers arranged in a row with rjtservoirs at their 
lower ends having o\ ertlow outlets successively from one to another 
in a row. ri'mips and piping are arranged so that licpiid from 
each reservoir can be pumped to the top of its own tower for re¬ 
circulation. The gases flow through the towers in the same direc¬ 
tion as the liipiid. 

In the method as descril)ed by |. I.eitch,' a mixture of weak 
nitric acid or sodium nitrate and weak (SO' ,) sulfuric acid is 
heated in a still and the vapor ))asscd tlirougli a dephlegmating 
column the tenqieratnre of whiih can be registered. Distilla¬ 
tion max’ be elTected under v acuum or reduced jiressure. Weak 
acid condenses in the dephlcgmator and returns to the still, while 
the stronger acid passes over and is condensed. 

(). Baither aiid the Clicmische h'abrik ('■reisheim Ivlcktron' 

b . . 

concentrate nitric acid by constantly blowing air tlirongh a (pian- 
tity of hot sodium polysulfate (IbiXaSOo-.i, in a still, mixing a 
charge of dilute nitric acid with this polysulfatc and distilling 
concentrated nitric acid from the mixlure. 

The Badische .Anilin it .Soda I'a1)rik' manufacture nitrates 
by acting fm a solution of a nitrite or a solution containing both 

1. f. S. 1*. l:tl I.SDg. I'.ll'J; ulisl. C. Illl't, 13, g7|g. 

2. !•:. I'. Ig.VOKj, I'.IKi; alist. f. S. C. I. I'.U'.I, 38, ti:i-.\: C. I'.UO. 13, 

gg-sS. 

;t. F. P. :ir,Ki7:i. lao.'i, ;;,sii,ssi; aiisi. t. s. C. i. iimr,, 2S, 21 ,s; liiiw, 
27, 22: iil)st. Moil. .Sci. lilOC, 65, I2.S; Cliiin. '/.Ik lU'I'i, 30, 221.' F. S. I‘. 
«iy2(;2, HKXl; 071 alist. I. S. C. I. liiOO. 25, .Viii; Moll. Sci. lilU7, 67, 
12; i!i|;t, 79, lilt): Clicin. /An- Pep. ipiu. 34, (ilO; ciiciii. zts. iiioli, 5, 

T. P. .S'.U, i«.ll; I'.ilWli, I'.HIo: l.-j'i.'. 1(1117; ali^t. J. S. C. I. KHIti, 25, li'.Hi; J. 
.Soe. I.lycrs Col. l.S'll, 7, 21. I). P. P. r7().V.'i2, 21X770, alist, C. .A. 101(1, 

4, 2f).‘i2; Mon. Sci. 1007, 67, It.'i; 1012, 79, l.VS, (,'lii-iii, Cciili. 1000., 77, 11, 
IXo; 1010, 81, .S7o: Cliciii. /Ak. 1000, 30, .‘.02: Chcin. Ztg. Pep. 1010, 34, 
12."): Chcni. Zt.s. 1007, 6, 10: Jalir. Cliciii lOiri I00.S, I, 170.'i; 1010, 63, I. 
410; VVa,e. Jalir. 1000, 52, 1, ll.'i: Zts aiix. Clicrii. 1000, 19, 072; Zts. Scliic.ss, 
SprciiR. lOtXi, 1, 1X0. Alist. P. 200X1, 1000. 

•1. li. P, .•{0.'i02, 1000; alist. C. A. 1011, 5, 20IX: f. S. C I, 1010, 29, 
M.m I). k. P. 02714; aOst. Her. 1.S02, 25, 000; WaK. .lalir. 1X02, 38, O.'iOi 
Zts. atiK. Clicm. 1X02, 5, 4.■;^l. I). P. P. X2a72; alist. Moii. .Sci. l,X0."i, 48, 

72; 1002, 58, 22; Her. IXO,',. 28, X70: Clicin, Cciitr. I.X07,, 66, II, 1024; Jalir. 
Clictn. IXO.a, 48, .770; Wan. Jahr. IxliO, 41, 4-10. Zts. aiig. Clicin. l.Stl.a, 8, 
,)70. I). P. P. ISOXO."!; alist. .Mini. ,Sci. iOKt, 73, 00; Clicm. Zentr. 1007, 

78, II, I0.>1; Chilli. Zts. 1007, 6, .N’o. 42t; Jahr. Chcin. lOOfi lOOX, I, l/O.a; 
Wag. Jahr. 1007, 53, I, 400; Zts. am;. Chcin. lOOX, 21, 70X,Zts. ,%hicss. 
Sjireng. 1007, 2, 410. Aust. P. 2417(1, lOOX. 





nitric acid- 


999 


nitrite and nitrate witli nitric acid, tMdising the nitroKtn oxide 
gase« evolved to mix with oxygen, ami tlie higher oxides of nitro¬ 
gen thereby formed to be absorlied liy means of water or by non- 
alkalinc aqueous absorbents. By this moans the nitric acid thus 
foimed immediately reacts on a fresh qiiajitily of solution contain¬ 
ing nitrite or nitrate or botli, while at the same time causing 
a small excess of nitric acid to participate in the reaction. 

the apparatus for the purification and concentration of 
nitric acid as devized by W. Dieterle' combines with an evaporat¬ 
ing receptacle, a condenser connected therewith comprizing a 
series of coils, together with a vertical canal and tubes connecting 
the canal with a tube leading from the condenser to a receiver 
for the purified acid. 

for the generation of solutions of nitrogen pentoxide and 
monohydrate nitric acid, the lilektrochemischc Werkc O. m. h. H. ’ 
oxidize electrolytically “nitrogen dioxide” or nitrous acid dis¬ 
solved in nitric acid. For example, they assert that*if 17 kilos 
of “nitrogen dioxide” be dissolved in SO kilos of monohydrate 
nitric acid and the solution oxidized electrolytically in the anode 
compartment of a cell using 200 amperes (ler square meter at 7 
volts, the nitrogen dioxide is conqtletely oxidized by an expenditure 
of 11,000 ampere-hotirs and a concentrated acid containing 20^,'(', 
of dissolved nitrogen peroxide thereby obtained. 

In the well-known apparatus of (.). Guttmann’ for concen¬ 
trating nitric acid, shown in Fig. 07 (]). S12), the advantages claimed 
for the apparatus are continuous working in which a constant, uni¬ 
form, shallow, wkle flow' of liipiid toward the greatest head is 
obtained, while at the same time provision of sullicient space above 
the flow of liquid for conducting the constantly arising vapor in 
the direction opposite to the How of the liquid is made, as well 
as obtaining a uniform temperature of the vapors as they are 
drawn from the apparatus, the latter being of great importance 

1. IJ. S. P. .Vi;3820, IHlW. 

• 2. li. P. 1,')-(.12, PJll; abst. J. S. C. I. 1911, 30, 1251; C. A. 19i;i, 7, 

27. P. P. 4;U00«, 1911; abst. Mon. .Sci. 19i;i. 79, 12S. D. R. P. 212423, 
1909; abst. Mon. Soi. 1912, 77, 107; Clioni. Zentr. 1909, 80, II, 509; Chem. 
Ztg. Rep. 1909, 33, 439; Chem. Zts. 1910, 9, Xo. 1500; Jalir. Chom. 1909, 
62,. I, ,535; Wag. Jahr. 1909, 55, I, 394; Zts. ang. Chem. 1909, 22, ISll ; Zts. 
Schicss. Spreng. 1909, 4, 333. An.st. P. 41940, 1909. Swiss P. 43029, 1908. 

3. tl. P. 505520, 1,S93. 
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in the cancentration cspcdally of sulfuric, as well as of nitric acid. 

B. Halvorsen' manufactures concentrated nitric acid frynn 
nitrosulfonic und nitrous sulfuric acids by absorbing nitrous gases 
in sulfurous or sidfuric acid and treating with concentrated sul¬ 
furic acid with the addition, after admixture of a little water and 
suitable oxidizing agent of manganese dioxide, lead dioxide or 
chromic acid or chromates in small amounts and subsequently 
distilling the product for the separation of the nitric acid. 

"Nitrosulfuric acid” as prepared according to the method of 
T. Holliday- is made by condensing nitric acid in iron vessels 
containing concentrated sidfuric acid, the vessels and their covers 
being lined with stone, tile, or other acid-resisting material. 

H. Jones^ has assigned to the .\rmour Fertilizer Works of 
Chicago a method in which the acid is concentrated by allowing 
it to trickle down in the form of alternate pools and dims, over an 
irregular inclined surface in an enclosed chamber while a current 
of hot gases passed over it. 'I'he gases are introduced at the lower 
part of the chamber and, by means of a baffle, directed on to the 
surface of the acid. The concentrated acid collects at the bottom 
of this chamber while the moisture-laden acids leave at the top. 

The C. Kaesmacher apparatus^ involves a process for the 
separation and concentration of acids in which the liquid, in a 
finely divided condition, engages a current of hot air in a tower 
as indicated by the patentee, whereby either sulfuric acid or 
nitric acid of high strength is obtainable. 

In contradistinction to the above, I. Moscicki’' places between 
a furnace in which the vapors of nitric acid are made from air, 
and the absorbing apparatus, a tower containing suitable pack¬ 
ing, in which a mixture of (')0° to (11° B^. sulfuric acid and 
nitric acid is allowed to trickle down simultaneously. The fur¬ 
nace gases take up nitric acid from this mixture and then j'/ass to 
another tower, during which passage they cool down and allow 

I. U. S. P. 1(108; abst. Chem. Ztg. Kep. 1008, 32 , 42.3; Mon. 

Sci. 1900, 71 , 113, 15. P. 3080, lOfKl; abst. C. A. 1007, 1 , 020; J. ,S. C. I. 
1900, 25 , 1140. 

2. E. P. 2103, 1882. 

3. U. .S. P. 118.3207, 1910; abst. J. S. C. 1. 1910, 35, 730. .See also 

J. Jouvcau-Dubreiiil, K. P. oO, 1879. 

4. F. P. .380783, 1908; abst. Chem. Ztg. Rct). 1908, 32 , 389. 

o. D. R. P. 230170; abst. Mon. .Sei, 1914, 81 , 84; Chem. Zentr, 1911, 
82 , I, 3.57; Chem. Ztg. Rep. 1911, 35 , 00; Wag. Jahr. 1911, 57 „ 1 , 408; Zts. 
ang. Chem. 1911, 24 , 281; Zts. Schiess. .Spreng. 1911,.6, 75. Aust. P. 389.37. 
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most of the nitric acid to separate in a’concentrated foi’m. The 
nor.-eondensed portion of the nitric acid is retained in the second 
tower, or by other suitable apparatus. 

In absorbiiiK oxides of nitrogen diluted with air and recover¬ 
ing the oxides as concentrated nitric acid, A. Naville and P. and 
O. Guye' cause the oxides to react with concentrated sulfuric acid 
containing nitrosylsiilfuric acid, and then separate by distillation. 

C. Rossi- intermingles nitric acid with hot air, preferably in 
the presence of steam, in such manner that the temperature of 
the gases on leaving the apparatus are kept below' 100° C.; or,* a 
mixture of nitric acid diluted with one and a half times its weight 
of eonceiitrated sulfuric acid is forced against a current of air and 
steam whereby nitric acid up to OO.s'strength is alleged to be 
obtained. According to a variation in this process' nitric acid 
is first concentrated up to 12° He. in a vacuum apparatus followed 
by fractionation in a column ap])aratus. 

Ic Ilausser' produces concentrated nitric .acid by, first form¬ 
ing oxides of nitrogen by the ex|)losion of a mixture of nitrogen, 
oxygen and combustible material, as benzene vapor or coal gas, 
the temperature produced by the explosion being carried up to 
1000° 2(100° if ])ossible, this high temperature being maintained 
constantly as long as retiuired for the formation of nitrogen, then 
suddenlv chilling the gas i)roduets with cold water sufficiently to 
prevent the oxides formed decomposing. These chilled gases 
thereby utiliz.e their potential energv and finally, after exhaustion, 
are passed into a cool receptacle to permit the oxides of nitrogen 
to further oxidize and condense to form nitric acid. 

In the process of R. Schall and the StickstolTewerke Ak_b- 
Ges." a mixture of dilute nitric acid and a drying agent is passed 

1. K. I’. IhidC), I!I0.S; ahst. J. .S. C. I, liXtS, 27, S'l.H, See also f. S. 1>. 
H. Rankin. T. ]'. tyiMUL’, I'.Hh: ahst. k .S. C. I, Itltti, 35, tIO.S. 

2. K. 1‘. ; alist. C. ;\. 1!U I. 8, 7'.M ; Cluan. Ztg. Rep. I'.tCt, 37, (i.'Xi. 

;i. I'. 1'. 4,a.v..'!n, ■l.'.rsTig, Ki.-iSgl, mi.!; ahst. [. .S. C. I. liU 1, 33, 421; 

C. A. l!U4. 8, C.'!.'!. 7P1. Mon. .Sei. lilll, 81, II; l!U(i, 83, 10; Chein. 

Zttt. lOl.'t, 37, (15.-). (i.Vi; 1014. 38, Oil. Iv !'. g.iO.V.i, l!li:i; ahst. J. S. C. I. 
•1014, 33, II,'ll. F, 1>, 4li:!t'2.'), lohl; ahst. J. S. C, I. lOhi, 32,042; 1014, 
33, 421; Mon. Sci. lOlli. 83, 10; Clicin. Zt,^. Rc|i. 1014. 38, .■144. 

4. F. I’. 4li;i.K't0; tihst. C, A. 1011, 8, olO.'i; Mon. Sci. 1010, 83, 10; 
Client. ZtK. Rep. tol l, 38, .')44. 

. ,■). II. S. 1‘. 00l:!.">0, 1010; ahst. C. A. 1010, 4, 2.V.1; Mon. .Sci, 1010, 

73, 120. 

0. I). 4<. I’. 2S00tM; ahst. ,1. .S. C. 1. 101,a, 34, 011; Client. Zentr. l‘,)l,->. 

86, 1. 17.5; Clieni. Ztg. Rep, lOl.t, 39, 2; Zts. ang. Clieni. 101.5, 28, 82. 
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through ,a tower provided with a central tube through which flow 
heating gases, the mixture being compelled to flow evenly through 
a tower having ribs in the form of spirals or steps, this tower being 
conveniently made of a high silicon iron or chrojniuni. 

A compound of nitric and sulfuric anhydride has been de¬ 
scribed by W. Schultze' which is a solid compound of the approx¬ 
imate formula: 

N2()l(SO,)4ll20 

and results by heating sulfur trioxide or a gaseous mixture ob¬ 
tained by contact processes, in nitric acid of at least 94';^; concen¬ 
tration. A mixture of about .'500 parts of fuming oil of vitriol 
containing 00% free sidfur trioxide and 70 parts of nitric acid of 
90% strength absolute, is treated with the vapors of sulfur tri- 
oxide and nitric acid while the lower portion of the vessel is 
heated by means of a steam jacket to 100°. The e.scaping vapors 
of sulfur trioxidc apd nitric acid arc passed into a lead vessel con¬ 
taining sulfuric acid of 97% to 98^'f, strength, a portion of the 
product being allowed to run off from time to time and caused to 
crystallize by cooling. 

In the process of the Chemical Construction Co.,- concen¬ 
tration may be carried on by forcing the hot gases through the 
acid in counter flow to agitate it and thoroughly subject it to the 
action of heat. The acid is subjected to an increasing temper¬ 
ature and agitated at the point of contact with the gas at the 
minimum temperature. The 'I'entelew Chemieal Works’ describe 
a process for obtaining a pure nitric acid by distilling commercial 
nitric acid with a nitrate as zinc or nickel. The. nitric acid is 
gradually introduced into the nitrate solution, a temperature of 
126°-170° being meanwhile maintained. The rate of introduc¬ 
tion of the cnide acid is so regulated that it is about equal to the 
volume of the distillate, while the strength of the pure acid may 
be regulated by the selection of different concentrations of the 
nitrate solution. 

The concentration of nitric or more readily sulfuric acid, 

1. V. .S. P. )047.57(i; alist. C. A. Hll.'i, 7 , OS.'); Chem. Ztg. Rep. 1913, 
37 , 189; Mon. Sci. 19)3, 79 , 9i), 

2. K. P. 48.'i88l, 1917; al)st. C. A. 1918, 12 , 980. 

3. H. P. 110037, 1910; abst. C A. 1918, 12 , .518; J. S. C. 1. 1917, 38 , 



NITRIC ACID 


]oo:3 


may be accomplished, according to S. Tungay and G. Haughton.' 
by running it over the surface of a shallow inclined tray of passive 
iron, lead (for sulfuric acid) or fused silica, the bottom of which is 
corrugated transversely to increase the heating surface. A series of 
:;uch trays may be arranged in cascade form, properly covered 
to minimize volatilization of the acid (when nitric), each tray 
being provided with a recessed outlet fitting within the next tray, 
and packed with asbestos rope. 

'I'he bulk evaporator of H. Frischer- for the manufacture of 
nitric acid from nitrates comprizes a retort having a numbp.r of 
vapor-discharge pipes connected singly or in pairs to separate 
coolers, and joining together toward the end of the cooling sys¬ 
tem after most of the vapor has been condensed. H. Pauling has 
described a process for the concentration of nitric acid which 
comprizes passing aqueous nitric acid in mixture with sulfuric 
acid or other suitable dehydrating agent against a connterflowing 
current of steam, or of a mixture of a large proportion of steam 
with gases inert toward nitric acid. The conditions of operation 
are so regulated that highly concentrated nitric acid vapors are 
obtained, while the water originally present in the nitric acid is 
substantially all taken up and retained by the nitric acid.’’ The 
T. Oliver apparatus' is somewhat similar. In the li. Washburn 
proces.s'’ ammonium nitrate is the product heated with sulfuric 
acid to produce nitric acid. The Cumming method" is analogous. 
J. Peregrin’ has described the properties of “ironac” for the con¬ 
centration of sulfuric acid, and "elianitc” especially resistant to 
nitric acid, both being ferro-silicon alloys. 

The methods of F. Bayer & Co.," A. Clcinm,'-' Chemical 
Construction Co.,'" Canadian Explosives, Ltd.," Deutsche Gas- 


1 K P 114072, 1917; abst. C. A. 1918, 12, 1499; J. .S. C. 1. 1918, 37, 
200-A ■ Sec also K. P. 4981, 187,7; 187.71, 1,890; 9,714, 18927, 1898. 

2 K. P. 7099, 191,'); ab.st. J. S. C. I. 1910, 35, .SO/. 

8. U. S. P. 10.81804, 1912; .abst. C. A. 1912, 6, 2070. 

4 Can. P. 170811, 1910; abst. C. A. 1918, 12, 747. 

..I. Can. P. 1781,78, 1910; .abst. C. A. 1918, 12, 207^ 

0. E. P. Appl. 17127, 1910; abst. J. .S. C. I. 191". 36, Ifit 

7. Rev. cliim. ind. 1918, 27, 88; abst. C. A. 1918, U, '49). 

8. D. R. P. 310081, 1918; abst. J. S. C. 1. 11)20, 39, -IW-A 

9 D. R. P. 80.8818, ,8042,88, 1916; abst. J. b. C. I. 1920, 39, 2.H-A. 

10. Can. P. 170812, 1916. 

11. Can. P. 1791KS, 1917. 
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Kliililicht Ges.,’ H. I'rischcr,- Y. Kawakita/ !•'. Maxted and 'f. 
vSmith,'* I'arbwcrkc vorm. Mcister, Lucius & Briining/ Norsk. 
Hydro-Rlcktrisk Kvaclstofakticscskab," Societe anon. NitroKenc,’ 

1. D. R. P. 2!HH).S1, 191(); abst. Chcm. Ztg. U)2fl, 44, 2'.M. 

2. K. P. i;}78;!4, 1!>20; abst. C. A. Iil2(), 14, 

Jap. P. 24872, UHlt; abst. C. A. 1‘.I20, 14, 2140. 

4. Iv. P. 120704, 1017; abst. J. S. C. 1. 1019, 38, 400-A; C. A. 1910, 

13, 2422. 

r,. I). R. P. Alim. F-31520, 1010; F-;1201.'), 1011; Aust. P. Appl. 708.1, 
7084, 1011; Hung. P. Appl. P-2780, 1011; Ital. P. 119000, 110404, 1011; 
alxst. Cliom. Ztg. 1912, 36, 202, ,528, ,50.8, 618, 70,5, lOlo. 

0. Can. P. 102172, 100201, 201480, 201481, 201482: abst. C. A. 1020, 
34, 2208. E. P. 124101; abst. J. vS. C. 1. 1920, 39, 4,50-A. 11. k. P. 222001, 

1019; abst. Chian. Ztg. 1020, 44, 421. H. Bcrgvc and O. Jensen, C. S. P. 
1228417; abst. J. S. C. I. 1020, 39, 4.50-A; C. A. 1020, 14, 1872. R. P. 120278; 
abst. J. S. C. I. 1919, 38, 817-A. U. S. P. 12242.5.5, 1910; abst. J. S. C. 1. 1020, 
39, 108-A. Ital. P. 120272, 1012. P'or additional data on the problems of 
nitrogen fixation, see Anon., Nature, 1020, 105, 201; C. A. 1020, 14, 20.5,5. 
.Anon.. Can. Chem. J. 1020, 4, ,80; C. .A. 1920, 14, 1412. K. Arnilt, Chein. 
Ztg. 101.5, 39, 20. .A. Bertrand, Chcm. Met. Png. 1020, 22, 0.5.5. H. Dtimars, 

I'. S. P. 740040, 1004. O. Dieffenbach and W. Moldenhaucr, 1). R. P. Anm. 
11-22025, 1000. R. Davis and L. Olmstead, J. Ind. ling. Chem. 1020, 12, 
210; C, A. IflO. 13, 207,5; 1020, 14, 1412; J. S. C. 1. 1020, 39, 202-A. J. 
Erlich, Ann. Chim. Analyt. 1920, 2, 142; abst. J. S. C. I. 1020, 39, NIO-A, 
Eilektrizitiitswerk I.onza, Aust. P. Appl. .5578, 1010. A. Glasgow, Chem. 
Age (N. Y.), 1020, 28, 1.5.5. C. Gilbert, Chem. Met. ling. 1020, 22, 442; 
C. A. 1920, 14, 1412. British Tbomson-Houston Co., E P. 141804, 1010; 
J. S. C. 1. 1020, 39, 449-.A. J. Harger, E. P. 142874; J. S. C. I. 1020, 39, 
,510-A. Hamer, Chcm. Met. Eng. 1920, 23, 2. W. llerz, Zts. physik. Chem. 
1920, 94, 2,50; C. A. 1020, 14, 1,590. C. Houseman, Chem. Age, 1020, 2, 
108; C. .A. 1020, 14, 141.2. "Indiistriegas” Gesellschaft ftir Sauerstoff u. 
Stickstofl-Anlagen m. b. H., Aust. P. 00287; Chem. Ztg. 1012, 37, 804. 
C. Jones, Chem. Met. ling. 1020, 22, 417: C. A. 1020, 14, 1482. G. Jones, 
Quart. J. Piconomics, 1020, 34, 291; C. A. 1020, 14, 2205. C. Linde, U. .S. 
P. 81.5001, lOlKi; I'. S. P. 79.5,52.5, 1005. P. Lang, D. R. P. 207051; J. ,8. C. 
I. 1920, 39, 440-A. A. Lamb, Chem. Met. Eng. 1020, 22, 977; C. A. 1020, 

14, 2228. I). .Morf, Jap. P. 24800; C. A. 1020, 14, 2242. Norsk. Hydro- 
Pilektrisk Kvaelstofaktieselskab, R. P. (42850, 142,8.54. Ostddulsche Kalk- 
stickstoflwerke u. Chem. Pabriken, D. R. P. Anm, 0-7007, 1010. Nitrogen 
Co., Ital. P. 112208, 1010. R. Pictet, U. S. P. 082402, 1901. A. Sinding- 
Larsen and O. Storm, D. R. P. 249240; Wag. Jahr. 1012, 58, 1, 451; C. A. 
1912, 6 , 2982; Ital. P. 1172.59, 1011. Soc. Generale des Nitrures, Ital. P. 
128260, L. Summers, 27th Meeting Amer, lilectrochem. Sne., 1915; Chem. 
Ztg. 19 L5, 39, m2. E. Thnipp, 1.'. S. P. 742.240, 1002. M. Irautz, Zts. 
RIektrochem. 1010, 25, 297; C. A. 1920, 14, 1407. J. Walker, J. C. S. 1020, 
U7, 382; J. S. C. 1. 1920, 39, 44.5-A; J. C. S. 1020, 118, ii, 208; C. A. 1020, 
14, 2227. W. West, Elec. Rev. 1920, 76, 920; C. A. 1020, 14, 2122. B. 
Waser has reported on the technology of nitrogen comiiounds for 1914; Chem. 
Ztg. 1915, 39, 7 82, 967, 988. The various oxides of nitrogen have been made 
the subject of the patents or researches of R. Briner and R. Jonas, Helv. 
Chim. Acta. 1920, 3, 360. Electrochem. Werke, Ital. P. 118.520, 1011; 11. R. 
P. Anm. E-16967, 1911. P. Guyc, U. S. P. 1.231104, 1.231105; abst. J. S. 
C. I. 1920, 39, 2fl4-A. K. Kaiser, Swiss P. .59140. S. Barth, D. R. P. 
298951, 301.352; Chem. Ztg. 1920, 44, 331. H. v. Kiter, U. S. P. 76.2401, 
1904. Ii. Lemaire, Belg. P. 248272, 1912. C. Matignon and G. Gire, Bull. 
Soc. Chim. 1920, 27, .262; J. S. C. 1. 1920, 39, 48.5-A. Parbw. vorm. Mcister, 
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II. Pauling/ ]•;. Rcinau,'- C. Ros.si/ vSocieclad Iberica del Az(X“/ 

l.ucius S: Briiniiig, Russ. P. 56410, 101.3; Hung. P. Appl. p-.'jlOO, 101,3- 
Span. P. ,518.56; Ital. 1*. I.'IIOOI; D. R. P. Anm. 32134, 1911. Nor.sk. Hydro. 
lilekHisk Kvaelstofakticsclskah, Iv. P. 137071; C. A. 1020, 14, 1417; Can. 
li 17,5887. Soc. anon. Nitrogi-ne, Swiss. P. .53.502;.Ilal. P. 11,3.841, 114245. 
Nitrogen, Ltd., Ital. P. 110741,110769; Hung. P. Appl. N-II74, N-II7.5; 
Anst. P. Appl. 6823, 1911. Nitrogen Corporation, Iv. P. 140,394; C. A. 1020, 
14, 2243. J. Partington and H. Rideal, Can. P. 200460; C. A. 1920, 14, 
2399; Can. P. 201744. !•'. Polzeninsz, H, S. P. 72.5.361, 190,3. H. Patiling, 

I). R. P. 306.3.53; J. S. C, I, 1920, 39, .334.A. IC. Ridual. J. Ind. ling. Clu-ni. 
1020, 12, .531; J. ,S. C. 1. 1020, 39, 514-A; C, A. 1920, 14, 2110. C. Rossi, 
Span. P. 56601, 101.3, 

7. Ilal. P. 1M08I, loll; Anst. P. Anni. 1311, 1911; abst. CliL-ni. Ztg, 
1912, 36, 10, Ml. 

1. H. R. P. 305.5.53, 1917: al)st. J. S. C. I. 1020, 39, ait-A. Port. P, 
,8,8,84, 1013. Span. P. .56260, 1913. For fnrtlicr information on the o.\ida. 
tion of atinosphcrie nitrogen, con.snit J. Hlooni, C. S. P. 1.334.590; C. A. 1920, 
14, 14,80. C. Bnrdiek, F. S. P. 13.30404, 1020; C. A. 1020, 14, 2058; J. S. 
C. 1. 1920, 39, 4,80 A. Cliem. Fabr. Oriesheim-Klektron, U. R. P. 304.322; 
Chern. Zetilr. 1920, 91, H. 43,5. li. Collett, Norw. P. 21090, 1911. Salpeter- 
s;iure-Indnstrie.Ges.. .Swiss P. .57,531. R. Drawe. Can. P. 20206li, 1020. F. 
h'r)erster, 3'. BnrehardI and li. F'rioke, Zts. ang. Clieni. 1920.33, 113, 122, 
129; J. S. C. I. 1920, 39, 484-A; C. A. 1020, 14, 239,5. P. Guve. Can. P. 
20(H07, 1920; C. A. 1020, 14, 2057. F. Gros. Coinpt. rend. 1021), 170, ,811; 
Bull. .Soc. Chiin. 1920, 17, .569; J. S. C. 1. 1920, 39, 331 A. J. Gorlinger, 
I). R. P. .3162.53: J. .S. C. I. 1920, 39, 447-A. Geworkschaft des Steinkolilen- 
bergwerkes Lothringer and M. Kelting, I). R. P. .Anin. G-40.836. 
1010. F. Gerhardt, I). R. P. .3219.81, 30.325.5, 1015. li. Thomson, F. S. P. 
13.37106; J. .S. C. 1. 1020, 39, lOO-A. C. Harding and K, Mcliaehron, Trans. 
.Amer. lilectrochem. .Soe. 1020, 37; Proc. .Amer. Inst. Klee. Fing. 1020; C. ,A. 
1920, 14, 2135. li. Herman, 1). R. P. .305124; J. S. C. I. 1020, 39, 404.A. 
J. Island and li. Colem.-ni, Can. P. 107.827; C. .A. 1920, 14, 14.80; I). R. P. 
Anm. J-14603. IF de Jahn, Can. P. 2010.50, 201(160; C. A. 1920, 14, 2398. 
C. Kaiser, Port. P. ,8(M0, Mill; li, Kilburn Scott. Ital. P. 1.34798, 1013. 
li. Kochendoerfer, Can. P. 20207.3, 1020. Farbw vorm. Meister, Lucius X- 
Briining, Hung. P. Appl. F-27,87, Bill; .Span. P. 51237, 1011. R. Mewes. 
1). R. P. .316214; addn, to 1). R. P. 208,84(!; J. S. C. 1. 1020. 39, 447-A. H. 
N6h, 1). R. P. .3(Hi45l : abst. J. S. C. I. 1020, 39, 404-A. Nitrogen Products 
Co., C;m. P. 201021). F. Powers, F. S. P. ,81401.8, 1006. H. Pick, Zts. 
lilektrochem. 1920, 26, 1.82; J. ,S. C. 1. 1020, 39, 4 16.A, C. Rossi, Ital. P. 
128905. F. Russ and L. lihrlioh, I). R. P. Anm. R-.35.506; I). R. P. 2()6,345, 
1912; Anst. P. Appl. 4114, 1911; F. P, 413620, 1012. A. Riedel, Anst. P. 
,Appl .302.5, ,3050, 1016. .Soeiedad Iberica del Azoe, .Si)an. P. oti-KK). 101.3. 
A. .Schloesing, Ital. P. 111641, 1010; 1.3(41,8,8, 1304,80, 1012. .S.alpeters;nire- 
Iiidnstrie-Ges., Anst. P. Appl. 1492, 1011; Hung. P. Appl. S 543, 1910. C. 
Steinmetz, Chem. Met. ling. 1920, 22, 200, .3.5,3, 111, 4.55; J. S. C. 1. 1920, 
39, 33FA. R, Stock, Can. P. 160001. H, Woll, D. R. P. 316677; J. S. C. I. 
1920, 39, 4()4-.A. li. Woiirtzel, Compt. rend. 1020, 170, 229; C, -A. 1020, 
14, 1703. 

2. I). R. P. ,305171, 101(1: abst. J. S. C. I. 1020. 39, 487-A; Addition 
to 1). R, P. 200()t)l and 200007; abst. J. S. C. 1. 1020, 39, 440-A. 

3. IF P. 4,5.5.531, 4.55,532; Ital. P. 128093, 128004; abst, Chem. Ztg. 
1013, 37, 741, 080. The o.xidation of ammonia to nitric acid has been the 
.subject df the investigations of J. Banmaim, Chem. Ztg. 102(1, 44, 14o; 
J. S. C. I. 1020, 39, 485-A. N. Busvold, Can. P. 168003. General Chem¬ 
ical Co,, li. P. 1361B8; C. A. 1020, 14, 1106. A. Henwood, IF S. P. 13471.58 
13471.50. L. Jones and C. Parsons, 1). R. P. Anm. J-10066, 1920, K. Kaiser, 
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whose process was patented in Spain in lOlO, as a ell as ,,that of 

I"). R. P. K-4.')0S7, UIIO. Farb. vorm. Mcistcr, Lucius & BrimiiiB, 

1). R. P. Anm. F-.'i")(i67. B. Neumann and H. Rose, Zts. ang. 

Chem. 15120, 33, I, 41. -l’>, SI; C. A. 1920, 14, 2054. U Pascal and li. Uecar- 
rierc. Bull. Soc. Chim. 1919, 25, 4,SO; C. A. 1920, 14, 2,395. G. Perlcy, J. 
Ind. ling. Clu-m. 1920, 12, 5, 119; C. A. 1920, 14, 1180, 1187; Clicm. Met. 
Kng. 1920, 22, 125. IL Rupert, J. A. C. S. 1920, 42, 402; J. S. C. I. 1920, 
39, ;191-A. M. Taliani, li, P. 14083.3; J. S, C. I. 1920, 39, 30,5-A. O. Taylor 
and I. Knapp, Can. P. 180815). li. Thompson, U. S. P. 1337100; C. A. 1920, 
14, 1738. T. Thorsscll ami H. Lunden, U. S. P. 13428;i4; C. A. 1920, 14, 
2,35)8. Nitrate.s and the production of nitric acid from the same have been 
describe)! by W. Bate and F. Orme, 11. S. P. 7334,52, 1903. O. Briinler, 
U. S. P. .8312,57, 1900. C. Butt, J. Ind. Eng. Cliein. 1920, 12, 3.52; J. S, C. 

I. 1*120, 39, 440-A. E. Collett, D. R. P. Anm. C-225,54. P. Carter, Can. P. 
198898, 1920. F. de Jahn, 1). R. P. Anm. J-13.577, 1911; Chem. Ztg. 1912, 
38, 0,50. Le Roy, Bull. soc. ind. Rouen, 1891, 19, 232, F. Pilz, Zts. landw. 
V'ersuchsw. 1919, 22, 180; C. A. 1920, 14, 15)45. li. Platon, Chim. et Ind. 
1920, 3, 310; J. S. C. 1. 1920, 39, 401-A. E. Rcinau, D. R. P. 299001, 299(M)2, 
299003, 299004, 299005, 2990(H), 299007; J. .S. C. I. 1920, 39, 449-A; D. R. 
P. 30,5002. Saccharin-Fabrik, Akt.-Ges. vorm. Fahiberg, List & Co., 1). R, 
P. Anm. S-.3.3704, .S-37304. W. Strzoda, 14. R. P. Anm. St-30783; D. R. P. 
2721.58, 1917, Traine & Hellmers and F, Brandenburg, D. R. P, Anm. 
T-1789.5 1012. 

4. Span. P. .50700, 1913; abst. Chem. Ztg. 1913, 37, 1001. In addi¬ 
tion to the proces.ses de.scribcd in detail alx)ve, the Badische Anilin ft Soda- 
fabrik has taken out the following patents on the synthetic production of 
ammonia from the elements: L'. S. P. 10327,82, 1909. D. R. P. 2.3.5421, 
252275, 2,54000, 2.59702, 259870, 2,59871, 2.55)872, 200010, 200992, 20li507, 
202823, 203012, 20.5294; D. R. P. Anm. B-,5507.5, B-0.5100, B-0720.5, B-()8(U2, 
B-7(>t07; Hung. P. Appl. A-1618, A-1.5<)f, A-1708, A-1788, A-1789; Aust. P. 
.54429, 002.55, 002.50, 00257, 00902, 0f)97.3; Aust. P. Anm. 4225, 15)11; 7844, 
1911; 8304, 1912; li. P. Appl. 102(H), 10210, 1920; J. S. C. 1. 1920, 39, 504-A; 
Holland P. Appl. 70:1, 1912. Swiss P. .5,3.58.3, 55.540, .50145, .58919, 59307; 
Ital. P, 111151, 11305)7, 15)10; 117.574, 117.57.5, 121278, 1911. In this con¬ 
nection see also Alby United Carbide Factories, Ltd., Ital. P. 118979, 1911. 
Akt.-Ges. ftir Stickstofldiinger, Ital. P. 129208; D. R. P. 200409; Aust. P. 
Appl. 4.508, 1911; Aust. P. .5.50.50, 1912. C. Schick, Ital. P. 11820-4, 1911. 

J. Baumann, Chem. Ztg. 1920, 44, 29.3; J; S. C. 1. 15)20, 39, 401-A. L. Block. 
F. P. 444088, 15)12. E. Briner and A. Baerfuss, Hclv. Chim. Acta, 1919, 2, 
003; J. C. S. 15)20, U8, i, 224. B. Brodtkorb, U. S. P. 1.3.32100; C. A. 1920, 
14, 1191. K. Burkheiser, Belg. P. 247101, 1912. E. Collet and M. Eckardt. 
D. R. P. 244452. G. Claude, U. S. P. 1332400; C. A. 1920, 14, 1 191; Compt. 
rend. 1919, 169, 1039; 1920, 170, 174; J. C. S. 1920, 118, ii, 173; C. A. 1920, 
14, 1412; cf. J. C. S, 1920, 118, ii, 30; J. S. C. I. 1920, 39, 187-A; £. A. 15)20, 
14, 1180. N. Caro, U. R. P. Anm. C-19895. I. Cederberg, Can. P. 20145)0, 
20145)8; C, A. 15)20, 14, 235)8. I. Cederberg, H. Backstram and C. Kyhl- 
berger, Swiss P. 8,5389; Chem. Ztg. 1920, 44, 3.50. Zentralstellc fiir wissen- 
schaftliche-technische Untersuchungen, Russ. P. .5.5085; D. R. P. Anm. 
C-2188.3, 1912; Aust. P. 00110; Swiss P. 0234.5. R. Davis and H. 
Bryan, J. Ind. Eng. Chem. 1920, 12, 287; J. S. C. I. 1920, 39, 401-A'. L. 
Duparc, E. P. 140000, 140001; C. A. 1920, 14, 2240. H. Dow, U. S. P. 
733405, 15)03. L. Dcvaucelle, Ital. P. 11.5489, 1911. A. Delaunay, Belg. 
P. 240104, 1912. C. Ellis, U. S. P. 1327029; J. S. C. I. 1920, 39, 231-A. 
Elektrochemische Werke G. m. b. H., Swiss P. 56144, 1911; Aust. •?. Anm. 
60.56, 1911; 1564, 1911. W. Feld, D. R. P, Anm. F-31742. M. Guichard, 
Vavon, Cornce, Cantagrel, Stevenson, Apard and Botirdiol, Bull. Soc. 
d’Encour. 1920, 132, 71; J. S. C. I. 1920, 39j 362-A; C. A. 1920, 14, 2054. 
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Salisctersaiire-Industric Gcs. m. b. H.,' and C. vSchlarl),” olTcr 
TI. Greenwood and W. Tate, U. S. !•. ; C A i;i2() 14 I.V)? H 

Greenwood. IJ. S I>, J. S. C. I. I<)2(), 39, 2:iI-A- IL S. 1‘. ITiTtlOti■ 

ooio.J'^’ i’- L'oidiio, 2()i;i(i7,' 

20l.i()S; al)st. L. A. 1!»2(J. 14, Gcwerkschiift Messel, D. R 1> 2r)!),SI7- 

Wag, Jahr. 1912, 59, I, 71. R. Gardiner, 8 . I> l;i2.S0.S2' I 8 C I I'C'o’ 
39, 2:il-A; r.S. R. ITilMOd; J. 8 . C, I. 1920, 39, ;«4-A; C. A. i920, 14,' I'lLL 
1'. Haber, I). R. R. 2')9990. 2(i07,')(); IL R R. Anm. H-.adlOfi; H-.'i.7,H9.'J 1911 
H. Harter and H. Hraun, D. R. R. 2101)22; J. 8 . C. 1. 1920, 39, 29.)-A F 
Hlavati, I). R. 1*. Anm. H-.t99«0, 1910. (i. Heise and H. Foote J Ind 
Ibig. Chein. 1920, 12, 221; J. 8 . C. 1. 1920, 39, 2li2-A. G. Ireland and H 
Sngden, It.al. R. 11910.5, 1911. F. de Jahn, Can. R. 107107, l(i710K. 107109 
107110, 107111, 107112, 201059, 201000, C. Jones, Clieni. Met. Fug. 1920 
22, 1071; C. A. 1920, 14, 2295. N. Leeesne, 1). R. R. 222812. 1912. 1C 

Muxted, Chein. Age, 1920, 1, 5M, .510, .590; C. A, 1919, 13, 1050; 1920, 14, 

1412. "Metan " 8 polka zograniezona odjiowiedzialno.seia. I). R.' R, Anm 
02205, 191.S. F. Metzger, V. 8 . R. 1212214, 1212215. 121.2210; J. 8 . C. 1. 
1JI20, 39, 224-A. R. Mewes, D. R. R. .20.50.82; J. 8 . C. 1. Iil20. 39, 40I A. 
It. Milde, Can. R, 201,8,8,2. l)et Norske Nilrid-Aktieselskab, Norw. R. 22290. 
Norske Hydro-lilektrisk Kvaelstofaktieselskab, Can. R. 170020; M. 8 em and 
Pet Norske Aktiesciskab for lilectrokemisk Indnstri, Can. R. 201402. Nitro¬ 
gen Corporation, Iv. R. M02t)4, 1920. Norske Akticselskab for I'lektro- 
kemisk Indnstri. Norw. R, 29192. 29192; C. A. 1920, 14, 1 HO. Nobel's 
Explosives Co. and M. Rier, An.stralian R. 12100. I!»I4. J. Clancy and 
Nitrogen Coi'iioration, Iv. R. 140429, 142.550; cf. Iv. R. 22745, 1910. Oesterr. 
\'erein f. Chein. Metall. Rrodiiktion, Hnng. Ajipl. C-2122, 1912; I). R. R. 
Anm. G-7010, 1911. C. Otto & Co., II. R. R. .202,842; J. 8 . C. I. 1920, 39, 
148-A. I,. Retil Devancelle, Russ. R. 51091. 1912. 11. Raiding. 1’. 8 , i> 

770.542, 1904 Iv. Rideal and A. Tarrant, Iv. R. 112241; J. 8 . C. I. 
1920, 39, ,510-A. A. Roberts, H. 8 . R. 12217.81. C. A. 1920. 14, 1 191. I,'Air 
Liipiide 8 oe. Anon, pour L’Ivtude el I,'Exploit, des Rroe. G. Claude, Iv. R. 
121870; J. 8 . C. I. 1920, 39, 20ti-A; Iv. R. 1400,82; C, A. 1920, 14, 2240; E R 
1 100,89. C. A. 1920, 14, 2240, E. R. 112150; J. 8 . C. I. 1920, 39, 4.87-A. 8 oe. 
Generale des Nitrures, E. R. 5795, 1912; I) R. R .Anm. 8 .'!4280, 8 25228. 
1911; Siian. R. .52920, 1912. 11. .Siilzer. Hnng. R. .Appl. 8-0094, 1912; Swiss 

R. .5149.5, loll. C. Schreiider, Chein. Ztg. 191.5, 39, .5,84. G. \’is, 1'. 8 . R. 
1222419; J. 8 . C. I. 1920, 39, 224-A. .See also Iv. R. 1425,50, 120,822, 142.8,50, 
1428.54, 120.824, 14.5058, 124,521, 145,824. 

1. Swiss R. .50200, UHl; abst. Chein. Zt.g. 1912, 3G, 1171. Anst. R. 
Anm. 2‘2()9, 1911. „ 

The fixation of nitrogen in the form of eyananiides, nitrides and cyanides 
has been investigated by the following workers; C. Shiek and Akt.-Ges. f. 
StiekstolTdiinger, D. R. R. 2429,8i), 1910. Agrienltural Corp.. Can. R. 101.884, 
191.5; 101.528. Ahimininm Industrie CL. Can. R. 152727, 1914. C. 
Kraus, H. Kappen and A. G. 8 tiekstolTdiiiiger, F. R. 4.57.5.82; IL R. R. 207514; 
I). K. P. Anm. A-22402. E. Ashcroft, Can. R 107242; H. R. R. Anm. A- 
I 8 OO 18 . A-20,420; U. R. R. 2.521.50, 1911; Anst. R. Anm. 50,8, 1911. Armour 
Fertilizer Works, Iv. P. 122.829; IJ. 8 . R. 1271797; Can. R. 17574,8; J. 8 . C. I. 
14)20, 39, 400-A. 1,. Harbe, Iv. R. 140221; J. 8 . C. I 1920, 39, 279-A. Bar- 
zaiio & Zaaardo. F". R. 4.50,820; Hung. R. Appl. B-0400, 1912. J. Bamnanii, 
Chem. Ztg. 1920, 44, 275; J. 8 . C. 1. 192(1, 39, 279-A. Farbeiif. vorm. F. 
Bayer & Co., D. R. R. Anm. F-21.520, F-221.50, 1911; D. R. R. 2;52272, 1911. 
Bayerisehe .Stickstoflwcrke A.-G., Ital, R 1199.88, 1911. Cyanid-Gcs. m. b. 
H., tiling. P. Appl. C15lt), 1907; Anst. R. ,\mii. 22.50. 1912. G. Cox and 
American Cyiuiamid Co., IJ. . 8 . R. 1221742, 1920; C. A. 1920, 14, 1082; J. 8 . 
C. I. 1920, 39, 488-A; Can. P. 201022, 201024, 20102.5, 201020, 201027; C. A. 
1920, 14, 220(1. C, cjoiitagne, F. P. 457992 and addii. 18022 thereto; D. R. 
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nothing radically new from those herein described. 

P. Aiiin. C-;22252; 1), It. P. ,'122285. 1912. Chi'in. P'abr. Kalk tle.s., D. R. P. 
.'101321,3024GI; J. S. C. 1.1920, 39, 488-A. Cheni. Pabr. von Hcvden A.-G.. D. 
It. P. Anm. C-21980, C-2287(i; D. R. P. 2('.7.59.5; Swi.ss P. 0.'y'124; K. P. 4.57735, 
4:i,S4S7; HcIk, P, 241015; All'll. P. Anm. 941,5, 1911; Ital. P. 121.542, 1911. 

G. Calvert, K. P. H04,S4; J. S. C. 1. 1920, 39, 404-A. O. Carlson and Aktic- 

bolaget Nitrt)t;tniinn, Norw. P. 23003, 23004; U. S. P, 1337750, IJ. P, 123790; 
J. .S. C. 1. 1919, 38, 2.53-A; 1920, 39, 4,50-A; C. A. 1920, 14, 1791. H. Uan- 
iiecl and Klcktrizitatswcrk l.<m7,;i, 1). It. P. 302495, 1917. K. du Pont de 
Nemours Powder Co., 11. R. P. Anin. P-2S73.5. H. Duncan, Can. P. 18234.S, 
1918. A. Diiclicmin, 1C. P. 142354; J. S. C. 1. 1920, 39, 488-A. P. Dicncmann, 
D. It. P. 309173; J. S. C. 1. 1920, 39, 420-A. Klektrocbemisclic Werke G. 
Ill, b. H., Can. P. 143824, 1912, A, d'lCrcolc, Ital. P. 119100. G. Ginlini, 
Swiss P. 02,849, 1912: D. It. P. Amn. G-3.5973, 1912; Can. P. 101477, 1915. 
S. Giertsen, Norw. P. 308.58, 1918; Chem, 7Ag. 1920, 44, 435, Ginlini Brothers, 
I), It. P. Amn. G-.'i.S051. V. Gerber, H. P, 139195; C. A, 1920, 14, 1791, 
L. Hamburger, Chem. Weekblad, 1920, 17, 2,50; J. S. C, I. 1920, 39, 48.5-A. 
Hovertnann and Kwh, J, bandw. 1910, 64, 317; G, Hiiltinan, Norw, P. 
29(kt7, 1919; C. A. 1920, 14, 1,873. 1. Immendorf and H. Kapen, D. It. P. 

207200, 1911. I.. I.ondei, Ital. P. 121X890, 1911. J. Udhohn, D. R. P. 
321018, 1913. A. bindblad. Can. P. 1991.57, 1920. A. Lie, Can. P. 1,80792, 
1918. W. Landis. Chem. Met. ling. 1920, 22, 20.5; J. S. C. I. 1920, 39, 
20.5-.A. p. JlacMahon, Span. P. ,5.54 05. C. Maimelli and L. Bernadini, 

H. P, 138371; J. S. C. I. 1920, 39, 281-A. C. Mangnin and L. Simon, Compt. 
rend. 1920, 170, 998; J, S. C. I, 1920, 39, 42.5-,\. 1). Meyer and R. Gorkow, 
Illustr. Landw. Ztg. 1919, 39, 27; Hied. Centr. 1919, 48, 370; C. A. 1920, 
14, 1727. W. .Middleton, Can. P. 201038; C. A. 1920, 14, 23(M). P. Morani, 
Ital. P. 11.59.58, 11.59.59, 110402. Morani K' Paiisto, Ital. P. II7I81, 1911. 
Det Norske Nitrid Aktiesel.skab. Norw. P. 23472; U;in. P. 17949, 1913. M. 
Novak, D. It. P. 30.5001, 30.5.532; J. S. C. I. 1920. 39, 4.88-A. De Norske 
Akticselskab for lilektrokemisk Industri, Can. P. 2014.59, 201400. The 
Nitrogen Products Co., Can. P. 173309, 1910; 201075, 201070, 1920. The 
Nitrogen Corp., C.an. P. 1.80179; li. P, 13.'i(K)5; 1'. S. P. 13290.52; J. S. C. I. 
1920, 39, 223-A. The Nitrogen Co., D. R. P. Anm. N-l 1,87)3, 1910. Oesterr. 
Verein f. Chem. Metall. Produktion, 1). R. P. 2.52273, 1910. C. Pluvinage, 
Chim. et Ind. 1920, 3, 4.'i,8: J. S. C. I. 1920, 39, 1920. K. zn Liiwenstein ami 
F. HaufI, U. R. P. 318280; J. S. C. I. 1920, 39, 40I-A. A. Itemele and B. 
Rassow, Zts. ang. Chem. 1920, 33, 139; J. C. S. 1920, 118, ii, 42,8. L. Roth, 
Ital. P. 113943, 1910. Stickstoffwerke. G. m. b. IL, D. R. P. 3I8I30; Chem. 
4entr, 1920, 91, II, 485. G. Scialoja, I). R. P. 2.5401,5, 1911; Belg. P. 239330, 
1911; Span. P. 51459, 1911; Hung. P. Appl. S-.59.54, 1911. A. .Schweitzer 
and F. Haul!, D. It. P. Amn. ,Sch-37597; Belg. P. 242933, 1912; Hung. P. 
Appl. Sch-2.581, 1912. O. Serpek, U. It. P. Anm. .S-34881, 1911; E. P. 
23.544, 1911; addition 14.589 to P. P. 430.5.5;L 1910; Hung. P. Appl. .SL5209, 
1910. A. .Stutzer, D. R. P. 2.52104, 1909; Aust, P. Anm. 7,809, 1911. .Socictc 
Generale des Nitrures, D. R. P. Anm. 8-33018, S-3.5224, S-3.542.5, S-3.5438, 
S-3.5801, S-30300, S-30321, S-37833, S-30384; D. R. P. 239909; Aust. P. 
Anm. 301.5, 3960, 1912; I'. P. 4382(W and addition 1,5344 thereto; F. P. 427109 
and addition 17245 thereto; Hung. P. Appl. N-I228, N-1238, N-I23.5, N-1234, 
N-1349; Belg. P. 244700, 244810; Span. P. ,5'I72.5, .52700, .55.5.52; Port. P. 
8761; Ital. P. 133.593. O. Silberrad, Hung. P. Appl. S-6308, 1912. Siebner, 
Chem. Ztg. 1920, 44, 309, 382; J. S. C. 1. 1920, 39, 498-A. E. Simonsen, 
Chem. Ztg. 191.5, 39, 123. H. Schroder, D. K. P. 243226, 1908. Stick- 
stoflwerke, G. m. b. H., D. R. P. 318136; J. S. C. I. 1920, 39, 404-A. 'N. 
Tommasi, Can. P. 182881, 1918, F. Washburn, II. S. P. 1(^15720, 1911; 
27th Meeting Amer. Elektrochcm. Soc. 191.5; abst, Chem. Ztg. 1915, 39, 
643. W, Zanker. F. P. 4.58511, 1913. G. Zarniko, D. R, P. 300032, 1910; 
J. S. C. I. 1920, 39, 498-A. S. Peacock, Ital, P. 133628, 1913. 

2. D. R. P. 243849, 1909, abst. Chem. Ztg. 1912, 36, 162. ,, 
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SULFURIC ACID.' 

History of Sulfuric Acid. SiiH'iiric' ’acid was not known to 
the ancients; its jtreparation is dcscriljcd l)v tlic Latin writer 
calling himself Gcber, supposed to have lived in the Sth century, 
but probably only as late as the loth.- It is mentioned by 
Libavius (15!).')), and vSala (KiLl), wlio say that it may be pre¬ 
pared either by distilling green vitriol (k'eSO.d, or bv Ixirning 
sulfur in moist vessels. N. le Febre and N. Lemerv (Kidd) added 
niter to the sulfur, the mixture being deflagrated over water 
under a glass bell. This method was introduced into England by 
Drebbel, and in 171(1 VV'ard established a small factory at Rich¬ 
mond, near London, in which the mixture of 1 lbs. of sulfur and 
1 ozs. of niter was placed in an iron dish over w'ater and co\’ered 
bv a large glass bell, 'fhe mixture was ignited and fhe fumes 
allow'ed to dissolve in the water, when another charge was put 
in. .\cld made in this w'ay was called oleum vitnoU per eampanum, 
to distinguish it from that made by the df’ distillation of ferrous 
sulfate. This process presents all the elements of the modern 
method, since sulfur dioxide, nitrogen oxide, air and water are 
allowed to react in a closed chamber. 

The fragile glass globes were replaced by Roebuck of Birming¬ 
ham bv lead chambers (i ft. witle, and a works was established at 
Prestonpans, in Scotland, in 17 lb, the size of the chambers being 
gradually increased. Acid so made was called “Ivnglish .Acid. ’ 
In 1771) the process was introduce<i into France by Ilolker, and" 
in 1774 la Folie employed a jet of steam in the chamber. 

A considerable advance was possible after the researches of 

1. The text vortion (larse print) nf tills Chapter, (with tlie exception 

of puses 1174 I.'i7t>-ITSO and l.'iiH lias been written by Pro¬ 

fessor J. R. Partinjtlon, M.ll.li.. D.Se., of l.oiidoii t nii'ersity, from data 
furnished by the author, the note.s and referenee.s beinit by the latter. I'or 
statements or conclusions aiipearing in the text which are not eorroborateil 
or refuted in the notes. Professor PartiiiKton is responsible. 

2. It. V. Lippinann, Zts. aiig Cheni. IlHll, 14, (ltd. Kopp, "Geschichte 
der Clieinie,” 3, :m. O. Outtmaiin, J. S. C. I. IKOl, 20, .a. R. Carpenter 
and W. Reid, J. S. C. I. 1001, 20, 7. C. Winkler, Zts. aiiK Cliem. 1000, 13, 
T.'ll. • P. Martell, Chem, Ind. 1011, 34, 20.i. 
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Clement and Ddsormcs in 171)8, who pointed out that a current 
of air is necessary, and in 18()() these two chemists gave a correct 
interpretation of the reactions going on in the chambers, especially 
the r61e played by the nitrogen oxides. 

A continuous process was introduced by Holker into the 
French works of Chaptal in 1810; sulfur dioxide was produced 
from sulfur in separate burners, and admitted together with 
nitrous fumes, air and steam, into the chambers. 

The use of iron pyrites (KeSs) instead of sulfur by Hill of 
Deptford in 1818, and the invention of the Gay-Taissac and Glover 
towers in 188.') and 18,")!) respectively, completed the chamber 
process as we know it today. 'I'lie Gay-Lussac tower did not 
come into actual use until about 1840, and the Glover tower was 
not employed outside of England until some years after its in¬ 
vention on account, perhaps, of misplaced prejudices. The process 
of soldering the lead plates of the chambers by means of the 
hydrogen blowpipe directed on the lead itself—-“lead buniing”-- - 
was introduced in 1888 by de Richemond, and has played an 
important part in the development of the process. 

Sulfuric acid is made almost exclusively from sulfur dioxide, 
which is produced either by burning sulfur in air, or by roasting 
metallic sulfides such as iron pyrites, copper pj'rites, CujvS.FeaSs, 
or zinc blende, ZnvS. From SO., sulfuric acid is made by two 
principal methods: (i) the chamber process, (ii) the contact 
method. 

In the chamber process sulfur dioxide, mixed with excess of 
air as produced by burning sulfur or sulfide ores, is passed over 
pots containing niter and sulfuric acid in the flues of the burners, 
from which nitrogen oxides are generated. (In more recent proc¬ 
esses these oxides are produced by the catalytic oxidatipn of 
ammonia in a special apparatus, and passed into the chambers.) 
The gases from the pyrite burners then pass into the Glover 
tower, down which streams a mixture of weak acid from the 
chambers and “nitrous vitriol” from the Gay-Lussac tower, at 
the end of the system. The nitrous compounds are decomposed, 
while the liberated nitrogen oxides pass on, together with steam 
from the evaporation of the weak acid, into the lead chambers, 
where .steam or water spray is blown in, and sulfuric acid diluted 
with water is formed as a mist, which fallj to the bottom of the 
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chamber ami is called ‘ chamber acid"” The acid from the 
Glover lower is fairly slronj; and passes to the concenlratins 
plant. The nitrogen oxides leaving the chambers are trapped in 
the Gay-hussac tower at the end of the plant, down which strong 
acid trickles, which, absorbing the nitrogen oxides, prodtices 
“nitrons vitriol,” which is decom])oscd in the Glover tower, the 
nitrogen oxides then re-entering the cycle. 

In the contact process, a mixture of sidfnr dioxide and air 
is passed over heated platinum or other catalyst in contact with 
which the snifnr dioxide is oxidized to sulfur trioxide: :2S( b + 
(>2 ■ ' 2S( ).i. 'I'liis is then absorbed from the gases by means 
of fairly concentrated sulfuric acid (not water); Stb i- II/) = 
IIzSOj. 


In IhtIO the amount of sidfnric acid made in Great Britain 
from pyrites was Dli'i, ll)(l tons, and 1(111,11(1 tons from sulfur and 
s))ent-oxide. In the United Slates in the same year S(i:),2s2 tons 
of acid were made from ])vrites ami sulfur, and about 7p,(ll)(t tons 
from blende, etc. In Germany ‘iTb.Mtb tons were made in 1SS2, 
(i.'id,.").')! tons ill INKS, and about .S7S, 0(1(1 tons in 1001. Trance 
produced 102,1)110 tons in ISOO, Italy and .Austria about 200,000 
tons each, Belgium 101,000 tons, Russia 12.7,000 tons, ami Japan 
.70,000 tons. In 1012 the total luoductiou of acid was l,(il0,0Sl 
metric tons,' atul in 1010 the German imports exceeded the ex¬ 
ports by ()7,2S0 metric tons, most of the imports coming from 
Belgium. 

Prior to the war acid was made in the United States almost 
exclusively fr(un the ga.ses from roasting iiyrites and blende, or 
by the blast-furnace treatment of 'remiessee copper ores. Ding¬ 
ing the war a great increase ol output was attained by burning 
sulfur and Australian zinc-coucentrates. In the future it is con- 
.sidered that more acid will be madi' as an adjtmct to metallur¬ 
gical industries.- During the war large oleum plants were erected 


I. (V lauige, Zls. ant;. Clieni. I0():i, 16, nSO; al)st. J-pS t _ ■ 

22, !);m. K. Reiiscli, t'liem. ZtK. 00 1,38, l.’ll.ahst. J S. t I. 1.1 -i. 34, b-I. 
• 2. L. Skinner (Met. Cheni. Biik, OO.S, 18, .S2; alist, S. (^ . I. OOR 
37 14UA; C. A. OIKS. 12, 2(1(121 Inis |)ciinte(l otO that the deiuaiKl for snl 
fliric acid in the taiited .Slates dnrint; the war period lias stinmlated pro 
dnetion whicli, however, has never yet met all reqinrement.s 1 o nicrease 
theoutput from zine-aeid iilanls brimstone has been added to the ore fed mb) 
the burners, (Hexeler kilns) whereby the ehamber output has been mereased 
20' ;. Austrklian concentrates are beinx used and may eonlnme to be used 
after the war. The proilue( ion from plants now nsmt; or wlneh previonsly userl 
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in Engla'nd, and it is evident that unless many of these are shut 
down, a large over-production of acid will result if an increased 
output for fertilizer purposes can not be arranged. As a result 
of war experience it has been demonstrated that f«r high strength 
acid such as is necessary., in the dye industry, the contact system 
is the cheapest and most efficient. For low-strength acid as 
required for fertilizers, the Schroeder-Grillo contact system arid 
the chamber process are about equal in cost of production, but 
for convenience and ease of working the chamber plant has the 
advantage.' 

pyrite-s has also increased, to some extent due to the substitution of brim¬ 
stone for the now scarcer Spanish ore. There is, however, no commercial 
advantage, even under present conditions, in doing this. The development 
of the contact processes in America has been restricted by tbe onerous con¬ 
ditions of licences and royalties imposed by European patent owners. When 
fine concentrates are used, the roaster gases carry much undesirable dust. 
The Cottrell process has failed to work satisfactorily under the very severe 
conditions of acid plants where it has been tried. The lead tower in cham¬ 
ber plants is giving way to cheaper masonry designs and the stoneware fit¬ 
tings to sili(g)n-iron eastings. The increased demand for sulfuric acid has 
been due to the production of explosives and to the demand of oil refineries, 
largely caused by the growth of use of motor vehicles under war conditions. 
The quantity available for the manufacture of fertilizers has been insufficient 
for the demand. In the future, acid production will be an adjunct to the 
metallurgical indastry. Pyrites and also brimstone burning for acid will 
probably decline. Much will depend on the transport facilities which should 
be arranged in the national interc.st to favor the utilization of the waste 
and noxious gases produced by smelting works. 

1. J. S. C. I. 191S, 37, 118-R. S. Salisbury, Mineral Industry. 1915,24, 
642; abst. C. A. 1917, 11, 188. J. S. C. I. 1902, 21, 1162; 1916, 35, 1107. 
W. Phalen, U. S. Geol, Survey, 1912; J, S. C. I. 1912, 31, m. W. .Smith 
(J. S. C. I. 1883, 2, 440) discusses the .sulfuric industries of Japan. Report 
of Departmental Committee on sulfuric acid, 1919; J. S. C. I. 1919, 38, 90-R. 
P. Smith, Min. Res. U. S. 1916, II, 403. ” Gas World (Coking and 

By-products Sect.), 1918, 69, No. 1785, 14; 1919, 70, No. 1802, 17; No. 
1811, 19; n. No. 1824, 12; abst. C. A. 1919, 13, 771, 891, 1722, 2110. For 
description of the South African sulfuric acid industry see S. Afr. J. Ind. 
Feb. 1919; abst. J. S. C. I. 1919, 38, 185-R. German sulfuric acid itidustry. 
Weekly Bull. Dept, of Trade and Commerce, Canada, July 14, 1919, abst. 
J. S. C. I. 1919, 3% 236-A, 352-A. .Sec also Anon., Nature, 1919, 108, 67; 
abst. C. A. 1919, 13, 1244. U. S. Com. Rep. March 13, 1919; abst. J. S. C. 
I. 1919, 38, 195-R. National .Sulfuric Acid As.soc., Ltd.; I. S. C. I. 1919, 
38, 194-R. Min. Ind. 1918, 27, 666; abst. C. A. 1910, 13, 2738. Manu¬ 
facture of sulfuric acid in New Zealand, J. S. C. I. 1882, 1, 172. For earlier 
processes of sulfuric acid manufacture in England, consult the following 
English patents, P. Pelletan, 3946, 3998, 1815. T. Hills, V. Haddock," 
4263, 1818. P. Philips, 6096, 1831, T. Clark, 7440, 1837. W. Gossage, 
7636, 1838. J. Keys, W. Thompson, 7793, 1838. J. Fowler, 7831, 1838. 
E. Duclos, 8149, 1839. H. Blair, H. Watson, 8465, 1840. F. Hills, G. 
Hills, 8925, 1841. C. Sautter, 9558, 1842. W. Kneller, 9.569, 1842. J. 
Graham, 9912, 1843. W. Cookson, 10116, 1844. W. Birkmyre, 10320, 
1844. J. Gamble, 10416, 1844. E. Jones, 10972, 1846. A. Kurtz, 110.52, 
1846. T. BeU, 11307, 1846. F. Hills, 11326, 1846. J. Jullion, 11426, 1846. 
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Sulfur,' being found in a free state in nature, was known 
R. Tilghman, 11555, 1847. P. Prelicr, llVy.S, 1847, W. Birknivre, lllKiO, 
1847. R. Laming, 12204, 18t8. A. McDougal, H. Ranson, I2.4.').1, 1818, 
J. Wilson, 12541, 1849. J. ICcarnot, 12881, 1849. P. Todd, 12982, 18.50. 
W. Gossago, 13424, 18,50. I. Bell, 1.3.529, 18.51. H. Taylor, 13.5.50, 1,851. 
A. do Normandy, 13714, 1851. .S. Boulton, 13987, 18,52. J. Graham, 13999, 
18,52. T. Bell, 14039, 14185, 18,52. W. Henderson, .57, 18,53. G Robb, 
731, 788, 1,8,53. T. Richardson, 1208, 18,53. W. Hunt, 1919, 18,53. I. Bell, 
2079, 18,53. E. Leyland, 2094, 18.53. 11. Pattinson, 2321, 18,53. A. Cmv 

inghame, 203.5, 18.53, 11. Deacon, E. Leyland, 2.803, 18,53. J. Moininer, 

170, 18,54. W. Thornthwaite, 18,8, 1,854. A. Trueman, 022, 18.54. W. 
Haelmer, 717, 18,54. A. Trueman. 9.82, 1851. W. Hunt. 1.501, 18,54. W. 
Blythe, E. Kopp, 2119, 18.54. J. Shanks, 2101, 18,54. L. Evans, J. Mi;Bryde, 
2032, 18.51. R. Von SeekendorIT, 2003, 18,54. L. Margueritte, 2700, 18.54. 

H. Holland, 11.54, 18.55; 11. S. P. 20.5,8,8, 18.59. J. Johnson, 1002, 21)55, 185,5. 

C. Rostaing, 3000, 18,50. L. Ador, E. Abbadie, 2391, 18.50. 1. Baggs, 

2183, 1850. B. C. Tilghman, 1244. 1857. W. Proctor, 20,57, 1,857. J. 
Oliver, 909, 18.57. F. Gatty, 2230, 1857. '1'. Grcenshiehls, 895, 1,8.58. R. 

Itncary, T. Richardson, 1103, 1,8,58. T. Richardson, 2110, 1859. W. Gos- 
sage, ,594, 18.59. W. Henderson, 2900, 1,8.59. G. 1). Mease, 42, 1,801. J. 

Roman, 1402, 1801. A. Newton, 1084, 1802. E. Moncton, 204. 1802, L. 

Verstraet, E. Olivier, 2275, 1,802. A, Reynolds, 2007, 1804, J. Forbes, 

I, 54.5, 1804, J. Napier, 1401, 1,801. Bankart, 2720, 1805. J. Lockey, 

2100, 1805. C. Seitz, 3091, 1800. W. Iv. Newton, 802, 1800. W. Brad- 
burn, 3401, 18ti0. G. Davies, 1917, 1801). J. Whelpley, J. Storer, 1493, 
1800. C. Brwman, 1040, 1,807. R. Heilmann, P. Hart, 3030, 1808. H. 
Aitkin, 3471, 1,808. K. Walter, 42, 1809. L. Israel, 881, 1,809. C. Wigg, 
2283, 1870. D. Jackson. 972, 1871. It. MeConvilIc, 304, 1871. H. Ken¬ 
yon, 1. Swindells, 1,540, 1,872. J. Lee, 095, 1873. R. Speir, J. Mather, 
4380, 1874. Sec also D. R. P. 79493, 80023, ,83.520, .88308, 887,84, 90144, 
91200, 9181.5, 9.5083, 9.5722, 97208, 9970,8, 100708, 101370, 103771, 104072, 
1(H7,53, 100022, 10011.8, 10,8,532, I0!I5.80, 118,8,80, 122207, 122.500, 122920, 

123171, 123009, 12.500.5, 1280.51, 129247, 130151, 132.577, 134001, 134773, 

135880, 139234, 14082.5, 140998, 1414,53, 1410,84. J. Schneider, F. P. ,5908, 
1847. Prelier & Co., F. P. 0100, 1,847. R. Laming, F. P. 0221, 1847, 
F. P. 7550, 1848, F. P. 8008, 1849. L. Fouche, F. P. 000,8, 1817. L. Fouche, 
F. P. 11203, 1851. N. Lemire, F. P. 12134, 1851. C. Mene, F. P. 13840, 
18,52. D. Coutaret, F. P. 1.5148, 1.8.52. J. dc Medeiros, F. P. 1.5414, 18,53. 
Desmontis, Chainiis et Cie, F. P. 103,57, 1,8,53. Iv Cari-Mantrand, F. P. 
18809, 18,54. IC. Bechi, F. P. 198.5.5, 1854. C. Clans, F. P. 22298, 22,505^ 
1855. G. Goldenburg, F'. P. 22837, 1855. Comraissionnaire Prin, F. P. 
23040, 18,55. Chapus and Andre, F. P. 231.59, 18,55. J. Per.soz, F. P. 2334.3, 
18,55. A. Pommereau, F. P. 23010, 1,8.55. P. Marassi, F. P. 2.5047, 18,55. 

D. Muller, F. P. 28032, 18.50. F. Kuenzi, F. P. 28727, 1,850. J. Rey, F. P. 
29002, 18,50. R. Delpuget, F. P. 29870, I8.5(i. A. Fabric, Iv P. 34303, 1857; 
4I2.5-1, 1800. L. Kessler, F. P. 30191, 18.58; 44709, 1800. F. Bangert, F. P. 
41988, 18,59. J. Chaudet, F. P. 4,5030, 1800. J. Boydt, 15720. 40045. 1800. 
Compagnie de F'lorelTe, F'. P. 50820, 1801, W. Petrie, F'. P. .543.58, 1.802. L 
ViTstraet, F. P. .50800, 1802. L. Sevez, F. P. 57028, 1803. J. Ram, F. P. 
.57480, 1803. J. Smith and J. Savage, F'. P. 01927, 1804. 

1. For general data on the subject of sulfur, see Cheni. Trade J. 14, 
320. Diet. Tcchnolog. Paris, 1,831, 13, 491. Dingl. Poly. 1879, 232, 80. 
F. Ahrens, Ber. 1890, 23, 2708. G. Albright and J. Hood, E. P. 11988. 
1894* abst. J. S. C. 1. 1895, 14, 572. H. Ale.xander, Z. Electrochem. 1898, 
5, 93; abst. Cljem. Centr. 1898, 6$, H, 057. W. Alexejew, Bull. Soc. Chira. 
1884, (2), 42, 329; abst. Jahr. Chem. 1884, 37, 111. A. Angstrom, Compt. 
rend. 1871, 73, 368; ab.stt Jahr. Chem. 1871, 24, 100. D. Ansted, :Un. geol. 
Soe. Q. J. 1873, 2S, 360; abst. Jahr. Chem. 1873, 26, 1130; 1870, 29, 1210; 
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from almost the earliest days of recorded history, in facti the 
Jahr. Mill. LSTrt, rilM. C. Aiiloine. Coni|)t. reiul. ISSS, 107, ,S;i(); abst. Jahr. 
Chcin. IS8.S, 41, ITS. I.. Arons, Wiiil. Aim. LS!W, (2), 53, OK). J,. Aroiislcin 
anil .S. Mi'ihnizen, Ver. Kon. Akail. Wetenscli Ainstiriliftii, July INKS, Zts. 
physik. Chem. LSilP, 30, l.sS; abst. Cluin. Centr. IStl.S, 69, II, 1014. A. 
Arzruni, Jahr. Mjn. IS7."), A(). Zts. Krvst. bSK4, 8 , S.'iS; abst. Jahr. Min. 1884, 
807; Jahr. Chem. 18,84. 37, 0100 Jahr. Min. 1,8,84, H, 2, 807; Zts. Kryst. 

I, 8,84, 8 , 88,8. li. van -Anliel, J. lie Ohvs. 1,80,8, July; abst. Jahr. Chem. 1808, 
51, 120. I:. Dana, .Ainer. J. Sei. 1,8,80, (.8), 32, 8,80; abst. Jahr. Chem. 1.8,80, 
39, 2222. Ct. Harbaylia, \Viener .Ansstellimijsber. 1,877), 1, 144. W. Bar¬ 
rett 1‘hil. May 1,80.’). (4 1 . 30, 821;absL Jahr. Chem. L80.a, 18, i;i.8. , 8 . 
Barilari. (lazz. ehim. ital. 1,878, 8, 17.8; Zts. Kryst. 1,878, 3, 177), M. Baines, 

J. Bliys. Chem. 1,800, 3, I.YO; abst. Chem. Cenlr. 1800, 70, I, 1288. li. 

Beckmann, Zts. physik. Chem. 1,800, 5, 70. 11. Beetpterel, Atm. Chilli. Phys. 

I, 877, (a), 12, -a; abst. Jahr. Chem. 1.877, 30, 100. Masiiii and Costa, Zts. 

physik. Chem. 1,802, 9, 088; al.st. Jahr. Chem. 1.802, 45, 472. b". Bellamv, 

Compt. rend. 1.8.80, 91, 880; abst. Jahr. Chem. 1,8.80, 33, 2.')0; Her. 1,880, 13, 
I07,a. A. Bellaiii, .\, (Jiiart. J. ol ,Sci. 2, 100. 1,. Bemelman's, 1). R. P. 

40028; abst. Jahr. Chem. 1,800. 43, 2077; Zts any. Chem. 1.800, 3, 7i,8. H. 
Benedict, Zts. klin. Med, 36, 281; abst. Chem. Centr. 1,800, 70, I, 80,8. M. 
Bertliclot, Ann. Chim. Phys, 1.8.77, |8), 49, 4:>0; Poyy. Ann. 1.8."i7, 100, 010; 

J. prakt. Chem. 1.87),, 72, io.'t; abst. Jahr. Chem. 1,87,7, 10, 100. Atm. Chim. 
Phys. 1.8.7,, (8). 49, 470, Poyy, Ann. 18.-,7, 100, 020; J. prakt. Chem. 18,77. 
72, .800; absV. Cjutii. Centr. 1.8.77, 28, 1.77; Jahr. Chem. 1.8.77, 10, 114. Ann, 
Chim. I’hys. 1,8,77, 18 ), 50, 870; Compt. rend. 1,8.77, 44, ,708; abst. Jahr. Chem. 
187)7, 10, 11,7. Coni|)t. rend, I.8.7,8, 46, .771; abst. J:ihr. Chem. 18.7.8, 11, 77; 
Compt. rend. 1,8.7.8, 47, 010; abst. Jahr. Chem. 1.8.78. 11, ,80. Instit. 1.8.78, 
12,8; Aim. Chim. Phys. 1.8.70, (.•li, 55, '211; alist, Jahr. Chem. I,87i,8, 11, ,81. 
Ann. Chim. Phys. 1804, (4), 1, 802; abst. Jahr. Chem. 1,808, 16, 104. Leeons 
de Chim. Paris, 1804 1,807>, 17.7; Hull. Sue. Chim. 1.807, i2i, 7, 107; abst. 
Chem. Centr. 1.807, 38, 7.80; Jahr. Chem. 1.807, 20, 140. C<)m|)t. rend. 1870, 
70, 041; 1,87)), 80, .iL7; abst, Jahr. t hem. 1.87.7, 28, ,8,7. Coinj)t. rend. 1,877, 
84, 074; 1888, 105, 1217; Ber. 1.8.88, 21, .80. Ann. Chim. Phys. 1.802, (0). 
25, .841; abst. Jahr. Chem. 1.802, 45, 2111; Lee. de Chim. Paris, l,8il4 180.7, 
170; abst. Jahr. Chem. 1877, 30, 112. Compt rend. 1.877, 84, 074; 1888, 
96, 20,8; Ber. I.8,8.8, 16, .700. Com|)t. rend. 18.8,7, 100, 1.820. M. Berthclot 
and (1. Andre. Compt. rend. 18,88, 105, 1217; Her. 1,8.88, 21, .80; Ann. Chim. 
I’hys. 18.82, (0), 25, 811; abst. Jahr. Chem’. 1.802, 45, 2111. J. Berzelius, 
Lehrb. der Chem. 4, Aufl 1, 211. S. Hidwell, Phil. May. 1,88.7, (.7), 20, 17,8; 
Ber. 1,88.7, 18, GOO. Phil. May. 1,8,87, (7), 20, .828; Chem. News, 1887, 52, 
210; abst. Jahr. Chem 1.8.87, 38, 28.7. II. Bill/., Zts. phvsik. Chem. 18,88, 
2, 020; Ber. 188.8, 21, 201.8; Zts. physik. Chem. 18,80, 4, 240; Ber. 18,80, 22, 
727; Zts. physik. Chem. 1807,19,42.7; Moiialsh 1001,22,027; Ber. 1001,34, 
2400; Zts. |)hysik. Chem. 1002, 39, .82.8. \V. Biltz and \V. Gahl, Nadhr. K. 
Ges. Wiss. Gott. P.lOl, 800; abst. Chem. Centr. I004, 75, II, 1.807. H. Biltz 
and V. .Meyer, Ber. 18.80, 22, 72.7; Zts. physik. Chem. 1800, 4, 240. H. Biltz, 
Ber. loop 34, 2400. A. Biiieati, Cniiipt. rend. 1.8.70, 49, 700; abst. Jahr. Chem. 
18,70, 12, 720. G. Bischof, .Sehw. J. 43, 802. (>. BleirandP. Kohn, iMonatsh. 
1900, 21, 77.7; Her. 1000, 33, ,70. G. Blount, Chem. News, 1,800, 61, 108, 
I.TIJ; abst. Jahr. Chem. 1800, 43, 4.70. A. Blo.xam, Chem. News, 1806, 53, 
181. J. Chem. .Soc. 1807, 67, 277; abst. Chem. Centr. 1,807, 66, 1, 940. 
P. Blum, Zts. anal. Chem. 1888, 27, 447. V. Bode, iJiiiKl Poly. 1879, 232, 
43.8. J, Boguseki and W. Jakubowski, J. Russ. Phys. Chem. .Soc, 1904, 
37, 92; abst. Chem. Centr. 1905, 76, I, J207. A. Hoillot, Compt. rend. 

76, 628, 869; abst. Jahr. Chem. 187.8, 26, 119. 1.. Boltzmann, Wien. Acad. 
Ber. 1874, 70, II, 342; abst. Jahr. Chem. 1,874, 27, 143; Pogfc. Ann. 1874, 
153, ,725. S. Boiidzynski and K. Panek, Her. 1902, 35, 20.70. C. Bramc, 
Compt. rend. 1871, 33, .73.7; Instit. 18.71, 394; abst. Jahr. Chem. 1871,4,314. 
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earlier writings would appear to indicate that in one form or 

Instil. 185,1, 105; ahst. Jalir. Clicni, 1,H,51, G, 121. Conipl. rend. 18,S5, 101, ,501, 
030; ahsl. Ber. 18,85, 18, ,520. B. Brauns, Verli. (1. Vers. Dtul. Naturf. nn(i 
Aorztc, 1800, 11, 1,80; abst. Chem. Cnitr. 1000, 71, 11, 511. A. Rreithanpt, J. 
prakt. Cliem, 1814, 4, 2,57, A, Brezina, Wien. Aka<l. Ber. 1870, 60, I. ,510, ,548; 
ab.st. Jalir, Clic-m. 1,800,22, 1185. A. lirjnehoncBko, Ber. 1808,31,1170. J. Brock 
and K. Hurter, H. B. 11,844, 1800; abst. J. S. C. I. 1.807, IG, 510. B. Broriie, 
Prex:. Roy. Soc. 18.54, 7, 24; alist. Jalir. Clieni. 18.54, 7, 10,5. T. Brugnatelli and 
P. Pelloggio, Ga/.z. chini. ital. 1,874. 4, .510; 1st. bomb. Kendieontl, 1,874, 7, 
.541; abst. Ber. 1875, 8, 71; J. Pliarni. 1,808, 16, 20. C. Bneliliolz, Taschenb, 

1808, 15. O. Biitsehli, Unters iiber Strnktnren, beipzig, 1808; Zts. Kryst. 

1809, 30, 005; abst. Jahr. Cliem. 1,800, 52, 415. lb Bull, Ann. .Siippb 1805, 

4, 129. A. Bnisine, D. R. P. 71222, 1801; 70700, 1804; abst. Her.-1.804, 27, 
147-R; 180,5, 28, 4.82-R. R. Bimsen, Pogg. Ann. 1,870, 141, b. K. Busz, 
Zts. Kryst. 1880, 15, 010; 1800, 17, .540; abst. Cliem. Centr. 1,802, G3, 11, 
00,5. E. Ilnter, Compt. rt*nd. 1888, lOG, 810; abst. jahr. Cliem. 1,888, 41, 
100. lb Buttgenbaeli, Ann. de I'.Soe. geob de Belg. 25, 71; abst. Chem. 
Centr. 1001, 72, I, 117. b. Callender and 1C. Grilliths, Proe. Roy. Soe. 

1801, 49, .50; Chetn. News, 1,801, 63, 1; abst. Jahr. Chem. 1.891, 44, 214. 
P. Cardani, Acad. Dei. bincei. Rend. (5), lb, 48, 01; abst. Jahr. Chem. 

1802, 45, 417. T. CarnelU'y and VV'. Williams. J. C. S. 1.87.8, 33, 2,81; Dingb 
Poly. 1.878, 230, 440; abst. Jahr. Chem. 1.87,8, 31, 10. Ber. 1,870, 12, 10.58; 
abst. Chem. News, 1.870, 40, 1.81; Jahr. Chem. 1870, 32, 10. H. Carpenter, 
R. Eorbes and S. binder, J. .S. C. 1. 100;i, 22, 4.57; abst. Jalir. Chem. 1001, 
56, 120. lb Carulla, J. S. C. 1. 1.807, 16, 0.80; abst. Chem. Centr. 180,8, 69, 

I, ,514. R. Casanova anil R. Otto, J. prakt. Chem. 1887, 144,411; abst. 

Jahr. Chem. 18.87, 40, 1,801. A. Chance, 1C P. 2405, 1.888; abst. J. S. C. I. 
1888, 7, 102. Chance A- Hunt, bid., Belg. P. 2.52015, 1012; abst. C. A. 1011, 
7, lti.5,8. 40,51. Chem. Kabr. von Heydeii, D. R. P. 104004, 1005. G. 
Ciamieian, Wien. Acad. Ber. 1,87,8, 77, 11, .810: 1,870, 78, 11, ,80,; abst. Jahr. 
Chem. 187,8, 31, 174; 1.870, 32, 101. I'. Clarke, Anier. Chem. J. 1.881, 3, 

201; abst. Jahr. Chem. 1,881, 34, 7. Cliem. News. 1800, 61, abst. Jahr. Chem. 
1800, 43, 114. C. Clans. K. P. 0000, 1,8,87. b. S. P. :.{40081, 1.54101, 1,8,80. 
C. V. Baranoff and E. Hildt, D. R. P. 1041.8.8, 180,8. Belg. P. 12.5.841, 1807. 

5. ClOez, Compt. renib 1.8.5,8 , 46, 4,85; 1.8.5.8, 47, 810; abst. Jahr. Chem. 18.58, 
11, 75. J. Colleen, D. S. P. 1114.8,50, 1010; abst. J. S. C. 1. 1010. 38, ,801-A; 
C. A. 1010, 13, 2747. b. Colomba, .Alti. R. .bccad. Torino, 1,808, 12; N. 
Jahr. Min. 1900, I, 20. A. Colson, Bull, Six'. Chim. 1880, (2), 34, 00; Ber. 
1880, 13, 18,50. A. Corsini, Centr. Bakt. n. Parasitenkunde, 100.5, II, 14, 
272' abst. Client. Centr. 100,5, 76, I, 1721. A. C.ossa, Ber. 1,80,8, 1, 1,18. 

J. Crafts, Wied. Ann. 1,8,81, 7, 1,81; abst. Jahr. Chem. 1881, 36, 111), C. 
Cross and A. Higgin, Ber. 1.8,81, 6, 110.5; abst. Jahr. Chem. 1881, 36, 288. 
J C S 1870 35, 240; Ber. 1.8,81, 16, 110,5. G. Cngini. Pharm. J. Trans. 
(1), 7, 010; abst. Jahr. Chem. 1.87,8, 31, 040. P. Daguin, Compt. rimd. 
1845, 20, 1007; J. prakt, Chem. 1.845, 36, 252. S. Dana, A .Sy.stem of Min¬ 
eralogy, 100-1, 8. A. Daubree, ,\nn. Min. 1.852, (5), 1, 121; Jahr. Chem. 
18.52, 5, 829. Compt. rend. 1881, 92, 101, 1440; Jahr. Chean. 1,8,81 34, 
1145 H Davy Schw J, 1810 , 1, 471, 4.84; Gill). Ann. 1810, 36, 2/8; 1810, 
36, is-b Schw J. 7, 508; Gilb, Ann. 1,810. 36, 184. H. Debray, Compt. 
rend. 18.58, 46, 570; abst. Jahr. Chem. 1,858, 11, ,81. II. Debus, Ann 1888, 
244, 88 W. Deeckc, Jahr. Min. 1,801, 11, 19. A. DcGramont, N. Peters, 
Acad. Bull. 27, 07. Bulb Roc. Chim. 1,808, (1), 19, '>4. Debuca and J. 
Ubaldini, Compt. rend. 1807, 64, 1200; Jahr. Chem. 180,, 20, loO. b. Be-mel- 



mid. 1848, 28, -117; Compt. rend. 1852, W, o34, 5bl; J. prakt. Chem. 1852, 
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another, elemental sulfur had many well defined technical as 
S6, 35{l; Chem. Centr- 23, Mi); J.ihr, Chein. 1852, S, .835; Aim.Cliim. Pliy's, 
1856, (.3). 47, 04; Jalir. Chcin. 1856, 9, 2.80; Conipt. rend. 1857, 44, ,382; Jahr. 
Clicm. 18.57, 10, 110. Clieni. Centr. 1848, 19, 200; Conipt. rend. 1,848, 26, 
117; 1847, 25, 8.57; Posu. Ann. 1860, 127, 401; Jahr. Chem* 1,800, 19, 118. 

H. St. Cl. Dcvilic and L. 'rroo.st, Com|)t. rend. 1.80.3, 56, 801; Jahr. Cliciii. 

I. 860, 19, 17. II. St. Cl. Deville, 1,. Troost and C. Myer, Ber. 1880, 13, 
2010. J. Dewar, Proc. Roy. 14, 7. F. Dicfcert, 1'. S. P. 20.87.34, 301222. 
Dietzenbacher, Conipt. rend. 1862, 56, .30; Jahr, Chem. 1802, 15, 58. li. 
Divers, J. C. S. 1885, 47, 213. li. Divers and 3'. Shiinidzii, Chem. News, 
1883, 48, 2.84; Jahr, Chem. 1.883, 36, 1,82,8. Doinergiie, J. pharin. ehim. 
1004, (0), 20, 40.3; Chem. Centr. 1005, 76, 1, 20,5. .See also Ann. Cliiiii. anal, 
aiipl. 1005, 10, .303; Chem. Centr. 1005, 76, 11, 14,82. li. Doiiath and J. 
Mayrhofer, Ber. 1883, 16, 1.5.88. li. Dreehsel, Jahr, Chem. 1.800, 49, 1074. 
T. Drown, Anier. Chem. J. 1,8,82. 4, ,8; Ber. 1,882, 15, 1443. J. DniKinan and 
W. Ramsay, J. A. C. S. 1,805, 17, 1228. J. C. S. 1000, 77, 1228. P. Duheni, 
Zts. Physik. Chem. 1.807, 23, 224, 2,54. Chem. Centr. 1.807, 68, 1, 210. 
F. Dujardin. Dingl. Poly. 1.8.50, 142, 305. J. Dumas, Ann. Chim. Phys. 
1827, 36, 83. Ann, Chim. Phys. 1832, 50, 175, 170. Ann. Chini, Phys. 
18.53, 36, 83; N. J. der Pharm. i7, i, 107. Ann. Chim. Phvs. 1.850, (3), 55, 
146; Jahr. Chem. 18,50, 12, 2. Zts. physik. Chem. 1,807, 23, .838. J. Brnnhes 
and J. Diissy, Compt rend 1804, 118, 1045; Chem. Centr. 1,804, 65, I, 

1130. Compt. rend. 1,800, 123, .305; Jahr. Chem. 1,807, 50, .50.3. Chem. Centr 
1806, 67, II, ((22, A. Dwight,. C. S. P. 12.38270, 1017. P. libell, Ber. 
1878, 11, 11.30; Din^l. Poly. 187.8, 228, 47. J. lider an<l li. \'alenta. 
Wien. Akad. Ber. 67, 07; Chem. Centr. 180.8, 69, II, 216. A. liilsart, Chem. 
News, 188.5, 52, 181; Jahr. Chem. 1,885, M, 4.57. Chem. ZtK. 1,800, 20, 

107. R. Engel, Compt. rend. 1.801, 112, 800; Ber. 1,801, 24, 551. li. lird- 

maim, Zts. Kryst. 1003, 37, 2.82; Chem. Centr. 1003, 74, II, 7. A. litard 
and L. Olivier, Compt. rend 1882, 95, ,840. J. livershed, Phil. Mag. 1,805, 
15), 39, 460; Jahr. Chem 1.80.5, 48, 220. Ir lixner, Monalsh. 1.885, 6, 240; 
Wien. Acad. Ber. 1,885, 91, 11, 8.50; Jahr. Chem. 1885, 38, 38. I,, h'anclier, 

J. pharm. 1862, (3), 41, 207; Jahr. Chem. 1802, 15, .58. C. Fahlberg and 

M. lies, Ber. 1878, U, 117,8. 3'. Farley, Mon. Sei. 1870, 21, 0,85; Jahr. 

Chem. 1870, 32, 400. P. Favre, J. pharm. 1,8,53, 13), 24, 344; Jahr. Chem. 
18.53, 6, 20. P. Favre and J. .Silberniann, Ann. Chim. Phys. 18.52, (3), 24, 
447, 468; Jahr. Chem. 1852, 5, 22. li. Filhol and Senderens, Compt. rend. 
188.3, 96, .810; Ber, 1883, 16, 100.3. Conipt. rend. 1881, 93, 1.52; Ber. 1881, 
14, 2415. H. Fizeaii, Compt. rend. 1,800, 68, 1125; Jahr. Chem. 180!), 22, 

83; Pogg. Ann. 181)0, 138, 26, C. Foreh. Wied. Ann. 1002, (4), 8, 675; Chem. 

Centr^ 1002, 73, II, 32.3. M. Fordos and A. (lelis, .\nn. Chim. Phys. 1851, 
(3), M, 385; Jahr. Chem. 1851, 4, 314. 11. v. Fonllon, Norbeeek. V'erh. geol. 
Rcichsanst, 1802, 43, 171; Zts. Kryst. n, Min. 24, 042. 1,. Fletcher, Phil. 

Mag. 1880, 9, 180; abst. Jahr. Chem. 1880, 33, 1402. F. Fliickiger, Ja:^r. 
Chem. 1803, 16, 171. M. Frankenheim, J. prakt. Chem. 1838, 16, 7, (1. 
Lunge, Zts. ang. Chem. 1005, 18, 100!1 J, Freestone and J. IIum])hris, 

K. P. 2720, 187.3; abst. Ber. 1875, 8, 181. li. Fremy, lincy. Chim. 5, 20. 
70. P. Freuchen and \'. Poulsen, Nyt. 'I'idsskrift Fy.sik. ok Kemi. 1800, 

1, 45; Chem. Ztg. Rep. 1800, 20, 12.5. W. Presch, Chem. Centr. 1800, 61, 
1, 405, R. Fresenius, Zts. anal. Chem, 1804, 33, 573. C, I'Viedel, Bull. 
•Soc. Chim. 1870, 32, 114, 834, 860; Conipt. rend. 1801, 112, ,834, 800, Fried- 
lander, Min. Sammltmg, Strassburg, 1878, 202. J. Fritzsche, Pogg. Ann, 
1837, 42, 453. T. Fuchs, Verb. geol. Rcichsanst. 1870, 54, J. (lal, Compt. 
rend. 1802, 114, 1183; 180,3, 116, 1373; Chem. Centr. 1802, 63, II, 10.5; „ 
Jahr, Chem. 180.3, 45, 300. L. Gay-Lussac and 'I'henard, Ann. Chim. Phys. 
1810, 73, 220; Schw. J. 1811, 1, 488; Gilb. Ann. 1810, 35, 202. C. Geitner, 
Ann. 1864, 129, .3.50. A. Gelis, Ann. Chim. Phys. 1840, (3L 18, 80. G, 
Gerlach, D. R. P. 220, 1877; abst. Chem, Ind. 1878, 1, 48., D. Gernez, 
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well as therapeutic applications, .^ncient medical* treatises 

Cow)t. rend. I.SOfi, 63, 217; IS72, 74, ,S1«; 1,S74. 79, 219; IK7(), 82, U.')!!; 
l.S7(), 83, 217; 1KS2, 95, 127S; l.Ss;i, 97, 129S, l.'ilili, i m, 1477; 1HS4, 98, 
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A. Scott, Wied. Ann. 1888, 12, 411; Jahr. Chcm. 1888, 41, 125. A. Sedg¬ 
wick. U. S. P. 1318015; abst. C. A. 1919, 13, :1289. J. Scott, Chem\ Trade 

J. 1919, 65, 443; abst. C. A. 1920, 14, 2.56. W. Selczncw, J. Russ. Phys. 
Chcm. Soc. 1882, 14, 124; Bcr. 1882, 15, 1191. F. Selmi, J. Pharm. 18,52, 
(3), 31, 418; J. prakt. Chem. 18.52, 57, 49; Jahr. Chem. 1852, 5, ;«8, F. 
Selmi and G. Mis,saghi, Cimento, 18.5.5, 2, 381; Jahr. Chem. 18.55, 8, 302. 
J. Senderciis, Bull. Soc. 1891. (3), 6, 800; Chem. Centr. 1892, 63, 1,148; Compt. 
rend. 1887, 104, .58; Jahr. Chcm. 1887, 40, .392; 1892, 5-14. Bull. Soc. 1892, 
(.3), 7, 511. F. Sestini, Bull. .Soc. Chem. 1867, (2), 7, 195; Jahr. Chem. 1867, 
20, 149. C. Shaw, D. R. P. 1.39715, I90;i; abst. Chem. Ztg. 1903. 27, 252. 
W. Sherzer, Amer. J. >Sci. 1895. (3), SO, 246; Chem. Centr. 1895, 66, II, 800. 
O. Silvestri, Gazz. chim. ital. 187.3, .578; Jahr. Chem. 1873, 26, 194. ' Bcr. 
1876, 9, 29.3. Gazz. chim. ital. 1882, 12, 7; Jahr. Chem. (882, 35, 1520. 
Ber. 187-1, 7, 82; Pogg. Ann. 187:1, 6, :149. S. Smiles, J. C. S. 1900, 77, 1174; 
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acca for ills was sulfur and honey, w^iile sulfur was known 

Chetn.* Ccntr. 1900, 71, H, 960. {Smith, Alkali-Reports, 1877-1878, 47. 
W. vSmith, Zts. physiol. Chem. 1898, 17, 409; |ahr. Cheni. 18!>3, 4$, 802. 
A. Smith, W. Holmes and K. Hall. Bor. 1992. 35, 2992; Zts. phvsik. Chein. 
1908, 42, 469, 474; 190o, 52, 602; J. A. C. S. 1905, 27, 797; Chem. Ccntr. 
1905, 76, TI, 601. H. Sommermeicr, J. A. C. S. J9()-4, 26, 555; Chem. C(‘ntr, 
1904, 75, 11, 257. A. Sohrero and h'. Selmi, Ann. Chim. Rhys. 1850,(8), 
28, 210; Jahr. Chem. 1850, 3, 264. P. Spence, Iv. P. 4118, 1877; ahst. Cliein. 
Ind. 1878, 1, 872. O. vSpicu, Atli. K. Inst. Sci. Lettere ed Arti. \’cm/ia. 
1884, (6), 2, 1194; Zts. Kryst. 1886, 11, 409; Jahr. Chem. 1886, 881. W. 
Spring, Ann. (Wied.), 1881, 5, 858; Bull. Acad. Belg. 1881, (8). 2, 88 ; Jahr. 
Chem, 1881, 34, 1085. J. vStas, Pnters. liher ('»es. Chem Prop., Leip/.iK, 
1867. 177, 214; Jahr. Chem. 1867. 20, 18. St. Gobain, K. P. 107820, 1875. 
I). Strorniiolni, Ber. 1900, 33, 828. H. Struve. Oefvers R. Vet. AcrnJ. Por 
haiidl, 1851, 6, 194; Jahr. Chem. 1851, 4, 818, J. vSwinburne, U. R. P. 
184784, 1898; al)st. Chem. Ccntr. 1902, 73, 11. 1024. ('». Tammann, Zts. physik. 
Chem. 1897, 23, 826; Chem. Centr. 1897, 68, II, 219. Zts. Physiol. Chem. 
9, 416. Wied. Ann. Phys. 1899, (2), 68 , 688 . F. Thiele, Chem. Ztg. 1902. 
26, 896; Chem. Centr. 1902, 73, II. 1168. Zts. Physiol. Chem. 37, 251; 
Chem. Centr. 1908, 74, I, 727. J. Thomson, Thermische filters. 2, 247: 
Ber. 1880, 13, 959. Zts. physik. Chem. 1894, 13, 726; Jahr. Chem. 1894, 
47, 2. IT(k\ Roy. Soc. 1889, 46, 292; Jahr. Chem. 1889, 42, 806. Phil. 
Mag. 1890, 5, 29, 858, 441; Jahr. Chem. 1890, 43, 820. T. Thorpe, T- C. S. 
1880, 37, 827; Jahr. Chem. 1880, 33, 21. Phariu. J. Trans, (8' 20, 845; 
Jahr. Chem. 1890, 43, 486. R. Threlfall, J. Brearley and J. Allen, Proe. 
Roy. Soc. 1894, 56, 85; Jahr. Chem. 1891, 47, 40t). C. 'riiwing, Zts. physik. 
Chem. 1894,14, 286; Jahr. Chem. 1894, 47, 207. G. TimofejelT, J. Russ. 
Phys. Chem. Soc. 1908, 35, 644; Chem, Centr. 1908, 74, II, 1266. If Tit 
finger, Pharm. l\)st, 27, 297; Chem. Centr. 1894, 65, II. 267. M. Toepler, 
Wie<l. Ann. Phys. 1892, 47, 1()9. 178; Jahr. Chem. 1892, 45, 152. S. Tof 
loczko, Bull. Acad. vSci. Cracovie, 1901, 1; Chem. Centr. 1901, 72, 1, 989. 
de la Tour du Breuil, Conipt. rend. 1881, 93, 456; abst. Jahr. Chem. 1881, 
34, 1257. H. Traube, Ber. 1895, 28, 2722; 1898, 31, !5()2. h. Troost, 
Com])l. rend. 1878, 86, 1896. k. Troost and P. Hautefeiiille, Compt. rend. 

1869, 69, 48. Tscherinak, Mineralogie, 1897, 881. flrich, Jahr. JIaiinov. 
Nat. Gcz. 1869, 85. J. van der Plaats, Ann. Chim. Phys. 1886, 7, 499; 
Jahr. Chem. 1886, 39, 42. Compt. rend. 1898, 116, 1862; Jahr. Chem. 1898, 
46, 4. k. Vanzetti, Gazz. chim. ital. 1900, 30, I, 175; Chem. Ccntr. 1900, 
71, I, 800. W. Vaubel, J. prakt. Chem. 1898, 57, 887; Jahr. Chem. 1898, 
51, 86 . J. prakt. Chem. 1898, 165, 851. k. Vaiiquelin, Ann. Chim. Phys. 
1824. 25, 50. H. Vernon, Chem. News, 1891, 64, 5-4; Jahr. Chem. 1891., 
44, 180. C. Vincent, Chem. News, 1878, 27, 111, 126. G. Vincentini and 
D. Omodei, Wied. Aim. 1888, 12, 176; Jahr. Chem. 1888, 41, 155. G. Vin 
centini, Wied. Ann. Rcibl. 1888, 12, 176; Jahr. Chem. 1888, !,55. A, Vogel. 

J. Pharm. 1856, (8), 29, 488; Jahr. Chem. 1856, 9, 291. S. Vogt. D. R. P. 
85668, 1885. G. Vortmami and C. Padberg, Ber. 1889, 22, 2(>42. W. R. Ik, 
Chem. News, 1876, 34, 68 ; Jahr. Chem. 1876, 29, 174. B. W5ickeiirodei, 
Arch. Pharm. (2), 26, 180. W. Wallace, Chem. News, 1880, 41, 201; Ber. 
1880, 13, 1146. K. Walter, Chem. Ztg. 1886, 10, 1199. H. Warren. Chem. 
N^ws, 1888, 57, 26, 43; Ber. 1888, 21, 819; Watts. Diet. Chem. 3, 708., R. 
Weber, Pogg. Ann. 1857, 100, 127; Jahr. Chem. 1857, 10, lit). Pogg. Ann. 

1870, 141, 482. Weed and Tirrson, Johns Hopkins fniv. Ctre. 1897, No. 
87, April. Aiiicr. J. Sci. 1891, 42, 401; Chem. Ccntr. 1892, 63, II, 750. J. 
and K. Weeieii, D. R. P. 38014, 1885. K. White, Kng. Min. J. 52, 536. 
C. Wc*thcrill, Amur. J. Sci. 1865, (2), 40, 330. J. Whitlock, D. R. P. 127565, 
1902; abst. Chem. Ccntr. 1902, 73, I, 448. H. Wiehe, Ber. 1879, 12, 790. 

K. Wiedemann,* Wied. Ann. 1882, 17, 577. Windisch. kaiulw. Jahr. 34, 97. 
Winkel, Zts. Deut. Geol. 4, 167. G. Winogradsky, Chem. Centr. 1888, 59, 
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to the ancients and employed in fumigating.* It is used in im¬ 
mense amounts for the preparation of sulfuric acid, especially 
since the discovery of the Louisiana deposits in the United States. 
A considerable quantity of brimstone is also use8 in the produc¬ 
tion of sulfur dioxide for the manufacture of paper-pulp. 

The production of sulfur in various countries has been stated 
as follows* (exclusive of the amount produced from alkali waste, 
20,000-30,000 tons per annum in Great Britain). See p. 1021. 

Occurrence of Sulfur. Native sulfur ocairs in large quan¬ 
tities in Sicily, principally on the southern water shed from Etna 
to Sciatti, mixed with limestone and gypsum. It is also found 
in Romagna, but less abundantly. Small deposits also occur in 
the Caucasus,* in Spain, Greece, Japan (43,1.5.5 tons in 1910), 
Persia, Hawaii,'* and Germany;* more important deposits occur 
in New Zealand (Whale Island),' and especially in Louisiana, 
U. S. A. 

Sulfur in Sicily* occurs stratified with rock, consisting of 

1034, R. Witzeck, J. Gasbel. lOaS, 46 , 21, 41, 07, 84, 144, 164, 185; Clicm. 
Centr. 1903, 74 , I, 10.52. F. Wohler, Ann. 18,5;i, 86 , 373; Jahr. Cliem, 1853, 6 , 
324. A. Wiillncr, Wied. Ann. Phys. >1877, 1 , 247, 361; abst. Jahr. Chem. 
1877, 30 , 168. M. Yegounow, Arch, des Sc. biolog. (St, Petersburg), 3 , 
•381; Chem. Centr, 1895, 66 , I, 1123. Analyst, 1876, I, 143; Jahr. Chem. 
1876, 2 $, 970. C. Young, Amer. J. Sci, 1872, (3), 4 , ,3.56; Jahr. Chem. 1872, 
25 , 147. V. Zcpharovich, Jahr. Geol. Reichs, 1869, 19 , 225. Jahr. Min. 
1876, 24. R, V. Zcynck, Tschermaks Mitt. 15 , 192; Chem. Centr. 1896, 
67 , I, 217. Sec Anon., Chem. Met, Eng, 1919, 20 , 186; abst. C. A. 1919, 
13 , 772, Rass, min. 29 , 213. Consult also the following patents: F. P. 
297767, 316226 and addn. 2188, 320627 and addn. 3632, 3.3(M41, .3.33094 
and addn. 2096, 3.36278, 336661, 34.5071 and addn. .5575, .351981, 353028, 
3.538:30, .3.53932 and addn. 4890, 3.54688, .■Vil866, 361874, 3(U279, 366280, 
369089, 370893, 374469, 376.54.3, 377824, 3795.59, .384907 and addn. 9760, 
9761; 387438, 388191, 391109, 394926, 401067, 405096, 408512, 427892, 
431241, 4392.58, 452034, 4.54990, 4,56058, 4.58028, 4729.56, 477795. D. R. P. 
229, 4610, 25771, 30746, 33100, 45725, 139715, 177281, 1863:12 192472, 
192518, 196604, 202.349, 205017, 209960, 24.5.570, 262467, 264920, 272475. 
Aust. P. 10962, :32904, 4.5892, .5.523.5, 65959. Swiss P. .57935, 69178. Swed. 
349, 3,3840. 

1. Blumner, "Festschrift ziir Begrussung dcr Philologen Versammlung," 
Zurich, 1887, 23. 

2. Zts. ang. Chem. 1915, 28 , 366. 

3. Mining and Eng. World, Chicago, Oct. 14, 1911; abst. J. S. C. I. 
1911, 30 , 1251. 

4. G. Brown, Amer. J. Sci. 1916, 192 , >32; abst. J. S. C. I. 1916, 35 , 
926. 

5. Ber. 1890, 22 , 192. Chem, Ind. 1879, 2 , 136; Wag. Jahr, 1882, 
28 , 223. J. Vogt, Chem. Ztg. 1907, 31 , 269. 

6. Chem. Trade J. 2 , 300. Board Trade J. Nov. 6, 1913; abst. J. S. 
C. I. 1913, 32 , 1066. 

7. A. Barbaglia, Hofmann’s Official Report on the Vienna Exhibition, 
1 , 144. L. Parodi, Ber. 1874, 7 , 358. Chem. Ztg? 1882, 8 , 1389, 1405, 1421. 
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Kypsiiin, limestone and quartz, occasionally in large transparent 
crystals. vSiiu;e fused sulfur deposits prismatic crystals vthich 
crumble on standing into minute rhombic crystals, the origin of 
these deposits can hardly he igneous. It is supposed they have 
I eeii formed by the intcVaction of volcanic gases: vSth + 2 H 2 S = 
2II.>( ) + o.S, or by the reduction of gypsum by organic matter, 
or bacteria:' 2CavS(b + C == 2CaC():i + 2S + CO 2 .- 

'I'lic nati\'e ore as dug contains 1.o','< 2,sulfur, while rock 
containing less than S% does not pay for working. It is stacked 
in lutrqjs in brick kilns, called calcaroiii, usually built on a sloping 
hillside, with air-spaces, and covered with powdered ore. A fire 
is kindled at the bottom, and the heat of combustion of the sulfur, 
about .'10 '0 of which is burnt, serves to fuse the balance, which 
flows away into wooden moulds. The blocks so formed still con¬ 
tain fl'/t.- (, of rock, and are exported to Marseilles for refining 

on account of the scarcit) of fuel in Italy. This wasteful process 
has gradiJally given way to improved methods, as for instance, 
the dill kiln. This latter consists of a closed brick chamber, in 
which the heating is j)erformed in six compartments arranged in 
a circle. Better utilization of heat is made possible by means of 
a coke fire in a central cupola. Operating in this manner admits 
of a recovery of about 77/( of the sulfur in the ore." 

In 1S()7 Payen and dill proposed to melt out the sulfur by 
means of superheated steam. 'I'he apparatus devized for this 
purpose by Thomas"' (ISbO) is in use at present to a limited extent 

Zls. ans. Chem. 1890, 3, .50; 1908, 21, 1940. J. .S, C. 1. 1890, 9, 118. Hcch- 
hold, Zls. aiig. Chem. 1891, 7, Xi. G. bock and G. Wariiford, Pop. ,Sci. 
Month, 188,5, 26, 482. A. Frank, Zls. ang. Chem. 1900, 13, 84;i. Jung- 
ifcisch, Mon, Sci. 1901, 57, ,511. C. Mcne, Mon. Sci. 1807, 9, 400. Chem. 
Trade J. 35, 92. G. Oddo, Chem, Ztg. 1908, 32, 14.5; 1910, 34, .50.5; alist. 
J. S. C. I. 1908, 27, 222. Itass. Min. 29, 129, 147, 101, 24:i; ahst. C. A. 
1908, 2, 1480, 2848; 1910, 4, 2.549; 1909, 3, 094. G. Bruhn, Chetri. Ind. 

1910, 33, 04. Chem. Ztg, 1908, 32, 457; abst. J. S. C. 1. 1908, 27, ,500; C. A. 
1908, 2, 2128; 1909, 3, 94.5. For statistics of ,S production in .Sicily, see 
Min, Ind. of the U. .S,, 1911. J. .S. C. I. 1911, 30, 9,55. Sec also J. .S. C. I. 
1902, JO, 1100; 1904, 23, 084; 1905, 24, 090; 1910, 29, i:i70. 

1. A, Daubree, Compt. rend. 1881, 92, 101. A. ICtard and L. Olivier, 
Compt. rend. 1882, 95, 840, I.'IOS. li. I’lauchud, Compt. rend. 1882, 95, 
840. C. beon. Arch. Suikerind. 20, 209; abst. C. A. 191:!, 7, 2098. 

2. J, Halx'rinann, Zts. anorg. Chem. 1904, 38, 101; abst. Jahr. Chem. 
1904, 57, 406. 

.’!. Chem. Trade J. 14, :!20. Grueribcrg, Chem. Ind. 1893, 16, 211'. 

4. A. Rocasolano, Rev. real. acad. Sci. Madrid, 8 , 89.5; abst. C. A. 

1911, 5, 3.501. F. Dickert, U. S. F. 298734; 301222. F. Haired, Zts. Elektro- 
chem. 1902, 2, 347. K. Walter, Chem. Ztg. 1886, JC, 1199. 
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iti Romagna. I'he steam extractor cousists of large hitrizontal 
iron cylinders lagged with wood, (> m. long and SO 100 cm. diam¬ 
eter. 'I'lic ore is loaded in on small wagons with perforated bot¬ 
toms and run in on rails, the door closed, and superheated steam 
at bi0° admitted. Molten sulfur Hows jnto a small receiver at 
the bottom, and is removed when the extraction is complete. 
Ivight to twelve batches of five tons each can be thus treated dail}", 
and gives a yield of SO''; 00',;, of the total sulfur. In lOOli '42'/', 
of the vSieilian sulfur was extracted iu calcaroni, in regen¬ 

erative furnaces, and Id'’; in steam extractors, whereas in 1000 
(iO' ,' was extracted in regenerative furnaces. ,Solutioif with 
carbon disulfide has been tried at Naples and Swoszowice with 
poor ores (!•')% S) 00'’;; of the sulfur being recovered. This 
process is no longer in use at Najilcs, 

Sulfur in Louisiana and Texas. Deposits of sulfur at Charles 
Lake, Louisiana, have been known since ISOS, but have only 
recently been worked by a speeiid process, due to II, Lraseli.' 
In Texas, in the Brezos River valley, southwest of (kilvcston, a 
large deposit of sulfur has been hiund, which has been worked 
since lOlO by the ITeeport Sulfur Co., by a process similar to that 
of Krasch.'- In Louisiana the suifur is struck at a de])th of about 

1. t:. S. I>. 4t;i42!», 4014.'i(), 4i;i4:il, IS'li: J. A. C. S. IXUI. 13, 

2.',7. It S. P. HinSlili), PHI; .-ihst, 1 S. C. I. PHI, 30, 14.4I; C. A. PH2. 6, 
27(1, Mon. ,Sei. PH2, 77, 129. H, S, P. 1152499, PH5; iibst. J. S. C. I. 1915. 
34, 10.54; Mon. ,Sci. PHO. 83, 52. C. .S. P. 799042; al>st. Choni. Zts. PIOO, 
5, 75; J. A. C. .S. 1900. 2.S-K, 229. f. S. P. 800127; abst. Cbcm. Zts. 1900, 
5, 75. V. .S, P. 870020, 9.S.S99.5; abst. C. A. PHI, 5, 21.58. In this connee. 
tion see also ling. Min. J. (let. 10, 1901. Iv Hart, J. A. C. S. 1905, 27, 

I. 58, J. Dnbbs, t.'. S. P. .5.‘)17.87, 1,895. G. Lnngc, Zts. ang. Chein. 1905, 
18, 1009, 1100. J. Ind. Kng. Cliem. PHI, 3, 3.55; 1912, 4, 131. A. Mans- 
bach, J. Amer. Pliarm. Assoc, 1918, 1, 103; abst C. A. 1918, 12, 743. R. 
Vail, Ivng. Min. J. 1912, 24, 449. Cliein, Ind. 1913, 36, 9. Mineral Resources of 
the tl. S. 1909, 0,80. Eng. Min. J. 1904, Oct. Pith. Cheni. Trade J. 35, 
395. F. Pongh, J. Ind. ling. Chem, 1912, 4, 143. ling. Min. J. Aug. 23, 
1902; abst. J. ,8. C. I. 1902, 21, 1204. R. Cannichacl, U. S, P. 1287.878, 
1287879, 1918. For decision on Frasch’s patents, see H. .Mock and A. Blnm, 
Chem. Met. Kng. 1919, 20, 0.37. 

2. W. llnIT, t.b .S. P. 11,8.1049, PHO; abst. J. S. C.-,; I. PHtl, 35, ,839. 

R. Thomas, Chem. Met. ling. 1919, 20, 201. 1,. Dt; Sineay, C. S. P. 

51)328, 1800. 8. Johnson, 11. 8. P. 100279, 1,87,5. I,. Labois, t^. 8. P. 

48.5034, 1892. J. McCabe, K. 8. P. 03,5.574, l,89i). P. Higgins, 1', 8. P. 
738320, 1903. J. Fleming ami H. I'r<Kdding, H. 8. P. 052072, 1900. \V. 

Hall, U. S. P. 10K125.5. 1913. W. Hull, H. 8. P. 1317025, 1919. R. Perry, 
U. ,8. P. 12,8.53,58, 1919; abst. C. A. 1919, 13, 251; J. 8. C. I. 1919, 38, 105-A. 

J. Pfters, U. 8. P. 129,3t)02, 1919. J. Hyde, IJur. Mines Mineral Invest. 
Ser. 1919, No. 1.5, 1.8; abst. C. A. 1919,13,2111. M. l.albin, F. P. 333094, 
and iiddition 2090, 1903. G. Oddo, Cliem. Ztg. 1910, 34, 505; abst. C. A. 
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450 ft.( The first and thickest bed of sulfur is lOS-112 ft. in 

f 

diameter, while in the northern portion over 300 ft. of sulfur has 
been reached* The working of these deposits has been reifdered 
extremely difficult by the presence of several hundred feet of 
quicksand over the sulfur beds, but it was made possible by the 
Frasch process. In this a boring to the sulfur bed is made, and 
three other concentric tubes, lined with aluminium, have been 
sunk. Down the two outer pipes superheated water (155°) is 
pumped, the heat being sufficient to fuse the sulfur. Air is then 
forced down the inner pipe, when an emulsion of water, molten 
sulfur* and airdmbbles rises to the surface through the remaining 
annular space. This passes to large wooden vats, where sulfur 
of f)9.5% purity solidifies. For superheating the water there are 
installed 130 boilers of I.^O- .'IOO h. p. each, in sets of 15 to 20 
boilers, all oil fired, the total annual consumption of which is 
about 7,000,000 barrels. The daily consumption of water is 
stated as 7,(XK),00W gallons. Each well produces 400-500 tons of 
sulfur per day; the total average annual production is over 
250,000 tons. Electric heating has also been propo.sed. 

Sulfur deposits have also been reported in Peru,' British 
Columbia," Mexico,’ Chili,'* Venezuela, and also in South Africa.’ 

Production of Sulfur from Sulfides. Sulbir was formerly 
prepared from iron pyrites by distillation in clay retorts: 3FcS2 = 
Fe.A -f 2S, or by heating in a limited supply of air; 3FeS2 + 
5 O 2 = Fe^O^ -f 3 SO 2 + 3S.'' Other processes have been pro¬ 
posed,’ but have not been successful, since it is much more econ- 

1910, 4, 2.749. V. Pigott, P. Billiiighurst ahd C. Stcvcnscii, India P. 320:j, 
1917. M. Phillips, Belg. P. 134128, 1898. R. Perry, U. .S. P. 128.7.358; abst. 
C A 1919 13 251. 

' 1 . Anon., Mineral Industry, 1912, 081. 

2. J. S. C. I. 1901,20, 1040. 

3. Zts. ang. Chera. 1912, 25, :360. J. .S. C. I. 1901, 20, ia39. 

4. Chem. Ind. 1913, 30, 403. Chem. Ztg. 1915, 39, 788, 799. 

5. Chem. Trade J. 1912, i, 151. 

6. K. Hal)er, Zts. Elektrochem. 1903, 9, 400. New Jersey Zinc. Co., 
U. S. P. 1103081.ai03082: abst. C. A. 1914, 8, .31X14; Chem. Ztg. Rep. 1915, 
39, 168; Mon. Sci. 1914, 81, 181. O. i;rba.sch, D. R. P. 294912, 191.7; abst. 
J. S. C. I. 1917, 30, 51X1; Zts. ang. Chem. 1916, 29, 537; Chem. Ztg. Rep. 
1917, 41, 2; Ann, Rep. Soc. Chem. Ind. 1917, 2, 193. 

7. h. Wright, E. P. 26128, 1911; abst. C. A. 1913, 7, 1446; J. S. C. I. 
1913, 32, 29. P. Hofmann, Dingl. Poly. 1876, 220, 332. .Soc. de St. Gobain, 
F. P. 107820, 1875; abst. Mon. .Sci. 1876, 18, 1104. L. Eabois, E. P. 9761, 
1884; abst. Wag. Jahr, 1886, 32, 2.76. Bui.sine, D. R. P. 73222; abst.- Zts. 
ang. Chem. 1894, 7, 89; Chem. Centr. 1894, 05, I, IKM; Jahr, Chem. 1894, 
47, 398; Wag. Jahr. 1894, 40, 431; Bcr. 1894, 27, 347; Mon.'Sci. 1894, 44, 
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omical to burn the pyrites in air for the production of sulfuric 
acid. If the latter is used in the manufacture of alkali, the 
sulftir can be recovered by the Chance-Claus process from the 
alkali-waste (CavS). In other processes proposed, the pyritic ore 
is burned to sulfur dioxide and the latter reduced by gaseous 
hydrocarbons to sulfur in presence of a’catalyst such as calcium 
sulfide.^ In the W. Hall method'-* the gases formed by roasting 
pyrites in a special furnace arc submitted to the action of steam 
and a reducing flame rich in hydrogen, a regulated volume of air 
being admitted (about 1 vol. air to 2 of gas), just sufficient to 
combine with the reducing gas and the hydrogen and hydrogen 
sulfide formed in the reaction. The sulfur vapor is withdrawn 
at a level above the oxygen admission. Sulfides of zinc, copper 
and lead may also be treated. Both N. Dekker** and G. Kingsley'* 


r>r,. J. Hollowav, M. I’. .')00. ll.'!l, 1X7«; al)st. J. A. C. vS. l.STi), 1, 174, 
C'hcni. IikI. lX7k, 1, 318, 384; Wag. Jahr. 1879, 25, 270. F. Bode, Diiigl. 
Poly, 1870, 232, 433. A. Smith, Alkali Reports, 1877-1878, 47. Stickney, 
png Min. J. 65, 074. J. Swinhurtie, D. R. P. 134734; abst. Chem. Cenlr. 
1002, 73, II, 1024; Jahr. Chem. 1002, 55, 348; Chem. Zts. 1003, Z, 220; Chem. 
Ztg, 1002, 26, 080; Wag. Jahr. 1002, 48, 1, 21.5; Mon. .Sei. 1903, 59, 71. M. 
Mab.ac, D. R. P. 10.3473; abst. Zt.s. ang. Chem. 1000, 19, 340; Chem. Centr. 
100.5, 76, II, 101.5; Chem. Ztg. 100.5, 29, 1131; Wag. Jahr. 190.5, 51, 1, 387; 
Mon. Sci. 1900, 65, 149. Frohling, Fleming and Whitlock, li. P. 10205, 
1900. A. Walter, D. R. P. 102518; abst. Zts. ang. Chem. 1008, 21, 792; Chem. 
Zentr. 1008, 79, I, 316; Jahr. Chem. 190,5-1008, I, 1512; Chem. Zts. 1908, 
7, .537; Chem. Ztg. Rep. 1908, 32, 24; Wag. Jahr. 1907, 53, I, 320. L. Roos, 
F. P. 354688. K. I.albin, F. P. 3.53830; abst. Chem. Zts. 1006, 5, 70. K. 
Fleischer, D. R. P. 20,5017; abst. Chem. Ztg. Rep. 1909, 33, 27; Wag. Jahr. 

1908, 54, I, 365; Mon. .Sci. Ii)l2, 77, .50; Zts. ang. Chem. 1909, 22, 458; Chem. 
Zentr. lOlH), 80, I, 324; Jahr. Chem. 1909, 62, 468; Zts. Schiess. Spreng. 

1909, 4, 35. Consortium f. Flektroehemische Industrie, D. R. P. 102913; 
abst. Zts. ang. Chem. 1905, 18, Iil08; Chem. Centr. 1905, 76, 11, 10.59; Jahr. 
Chem. 190.5-1908, I, 2475; Chem. Zts. 1906, 5, 70; Chem. Ztg. 1905, 29, 
10,56- Wag J,ahr. 190.5, 51, I, 387; Mon. Sci. 1906, 65, 178. G. Aarland, 
Ber. 1.S80, 13, 1763; Chem. Ztg. 1880, 4, 175; Wtig. Jahr. 1.8,80, 26, 211. 

1. A. Hoffman, U. S. P. 1273370, 1918; abst. C. A. 1018, 12, 19f5; 

J. vS. C. I. 1918, 37, .582-A. ^ 

2. U. S. P. 1083248 to 10832.53; 11336.36, 1133637, 1134846. Iv. P. 
207,50, 20760, 26365, 26370, 26.594 , 2659.5, 1912; abst. J. ,8. C. 1 1913, 32, 
842, 1009; 1914, 33, 135, 3.59. K. P. ,8279, 1913; abst. J. S. C. I. 1913, 32, 
742. F. P. 4.5,5(KI,5, 4.58028; abst. Zts. ang. Chem. 1913, 26, III, 573; Itng. 
Min. J. July 5, 1913; J. Ind. Kng. Chem. 1913, 5, 955; J. S. C. I. 1913, 
32, 1009, 11,56. See Wicrum, S. Min. Res. for 1914,” 138. British 
Sulphur Co., Ltd., Aust. P. Anm. A 6907. K. Fleischer, I). R. P. 20.5017, 
1907; abst. J. S, C. I. 1909, 28, 90. F'. Teed, H. Sulraaii and H. Picard, 

K. P. 14628, 1911; abst. C. A. 1913, 7, 222; J. S. C. I. 1912, 31, 721; Chem. 
Ztg. Hep. 1913, 37, 31; Mon. Sci. 1916, 83, 41. W. H.all, Can. P. 1.53478, 
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treat the sulfides by wet processes with sulfates arid sulfuric acid, 
or nitric acid, respectively. K. Birkeland* submits blende or 
other sulfides to the action of superheated steam. 

In other processes, .sulfur dioxide and hydrogen sulfide 
are produced and allowed to interact. W. Lang and C. Carson^ 
state that the chief reaction is: 2 H 2 S + SO 2 = .'iS + 2 H 2 O, 
although sulfuric and thionic acids are fonned in smaller quanti¬ 
ties. The reaction does not occur with the dry gases, and liquid 
water seems to be essential. Colloidal sulfur is formed.“ P. 
Fritsche'* treats SO 2 and H 2 S simultaneously or in succession, 
with a 'liquid in which aluminium hydroxide or basic aluminium 
sulfite is suspended, at a temperature of ()0°-70°. Soluble basic 
sulfites arc formed, with which ILvS gives a precipitate of sulfur 
and basic sulfate, the latter being converted into acid sulfite by 
means of SO 2 . The process may be applied to the separation of 
sulfur from coal gas. W. Feld' treats the gases with a solution 
of one or gcveral thiosulfates of metals the sulfides of which arc 
soluble in water. For each part of H-jS one part or more of SO 2 
must also be present, and if the ga.ses contain ammonia, an addi¬ 
tional two parts of S ()2 for each part of ammonia should be added. 
Polythionates produced by excess of sulfur dioxide are reduced 
to thiosulfate by basic or reducing substances (e. g. NII.i or H 2 S 
or both). 

In other processes the gases containing SO 2 arc passed over 
incandescent coke, the principal reaction being: 2 SO 2 + HC = 

1. l'. S. P. 112160(1; abst. Chem. Ztg. Rep. 1016, 40, I0.'i; Mon. Sci. 
1915, 02 , 2 : 1 . 

2, W. I.aiig and C. Carson, Proc. Chem. Soc. 1905, 21, 1.58; al)st. J. ,S. 
C..I. 1905, 24, 672. 

.1. H. Debus, J. C. S. 1888, 53, 278. See also Aktiebolaget Kolloiil, 
E. P. 72:i8, 19i;i; abst. J. .S. C. 1. 1913, 32, 791. Belg. P. 2.55143, 1913. E. 
P. 4650.58. E. Jungfleisch and b. Brunei, Compt. rend. I9l:i. 157, 257; abst. 
J. S. C. I. 1913, 32, 826. L. Sarason, D. R. P. 262407, 1912; abst. C. A. 
1913, 7, 3,5;i2; Zts. ang. Chem. 1913, 26, 476; Chem. Zentr. 1913, 84, II, 
.5.52; Chem. Ztg. Rep. 1913, 37, 4:18; Wag, Jahr. 1913, 59, J, 366; J, S. C. I, 
1913 32 827. 

’ 4 . ’e. P.2.54.54, 1911; abst. C. A. 191.3,7, 1,589; J. S. C. I. 1913, 32,24. 

5. E. P. 1.57, 10147, 1912; abst. C. A. 1913, 7, 2099, .3.538; J. .S, C. I. ■ 
1913, 32, 142, 602. F. P. 4.32.590, 4578,53. D. R. P. 272474, 272475; abst. 
C. A. 1914, 8, 2467, 2480; Zts. ang. Chem. 1914, 27, 337; Chem. Zentr. 1914, 
85, I, 1468; Chem. Ztg. Rep. 1914, 38, 238, 239; Wag. Jahr. 1914, 60, I, 290. 
U. S. P. 1079291, 1127219; abst. C. A. 1914, 8, 410; Mon. Sci. 1914, 81, 27; 
191.5, 92, 41; Chem. Ztg. Rep. 1914, 38, 76. F. P. .387438; abst. J. S. C.' I. 
1908, 27, 810; 1912, 31, 128; 1913, 32, 11.56; 1914, 33, 692. , 
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2CO + COj + 2S.' It is stated that ttTe reaction is quantitative 
wlica the gases are kept in contact with coke for five seconds 
at 1200°. 

Sulfur from Sulfates. Large quantities of .sulfur occur in 
minerals in the form of sulfates, especially in calcium sulfate or 
gypsum, Ca,S().i.211.20, or anhydrite, CaSO.i. Immense amounts 
of this sulfur are to be found near 'royah, Texas. Proposals 
have been made to obtain sidfur from this source. L. Basset^ 
heats a mixture of calcium sulfate and clay to bright redness in 
Ihe proportions to give .SOj and a residue (jf cement. .Sulllcient 
carbon may be added to convert a quarter of the sulfate to sulfide, 
which then reacts with the remaining sulfate: 2CaSOi + CaS = 
ICaO + 4,S().., followed by: SO-. + 2CO = 2C().2 + vS. A furnace 
for carrying on this operation consists of two zones with a reduc¬ 
ing and oxidizing atmosphere respectively, the former being 
obtained by means of carbon monoxide or powdered carbon in 
an air-blast. R. Wedekind and Co.* decompose a ftiixture of 
calcium sulfate and sand by the heat of burning pyrites mixed 
with the mass, c. g., 5 parts gypsum, 2 parts satid, and 2 parts 
granular vSpaiiish pyrites being used. 

Sulfur from Sulfur Dioxide. Mention has already been made 
of the process of reducing sulfur dioxide with carbon or reducing 
gases, with production of sulfur. Considerable attention has been 
paid to the recovery of .sulfur from smelter gases containing SO-j 
by a reduction ])rocess called the Thiogen Process, worked by 
the Pennsvlvania Manufacturing Co,'’ This depends on the 


1. W. ],amorcaii.\. C. S. P. I ni!»72(), IIS2ill.'i. K. P. 10.742, 191,7. 
I'. P. 4.S0;i45, 191,7; ahst. J. S. C. 1. 1910, 35, :109, T.SS; 1917, 36, 1:48, W. 
kainoreanx and C. Rcnwick, 1C. P. 2824, 1917. 1:. S. P. 1140210. F.‘P. 
477797 Sclicuier-Kestner, Compt. rend. 1.S92, 114, 290. L. Beinelmans, 
1). U. P. 77;{27. J. and F. Weeren, 1). R. P. .2,S04I. W. Heinrici, Zts. ang. 
Clicm. 1898, 11, .725. R. Baggaley, IP S. P. 807701. Soc. anon. Metal- 
liirgnpte "Procedcs Laval,” D. R. P. 190004. F. Carpenter, C. S. P. 871912, 
925751. P. Smith, C. .S, P. 878.709, 947111, 945112. See also Cheni. Ztg. 
188(), 10, 10.29; abst. J. S. C. I. 1,880, 5, ,7;{4. 

2. F. P. 428019, 1910; 400718; 1C. P. 17.872, 1912; abst. J. S. C. 1. 


1911, 30, 14.72; 1914, 33, 905. 

' 2. 1;. S. P. 1008.847, 1911; F'. P. 419871; abst. J. S. C. 1. 1911, 30 

210, 14.72. See also Goklmann, Mctall n. Erz. 1919, 16, 41; abst. C. A. 1919. 
13, 2170. I. and F. Weeren, D. K. P. 28014; ab.st. Wag. Jahr. 1887 , 33, 
4 ,88. For the recovery of sulfur from niter cake, see f. Idewellyn and P. 
Sponce and Sons, IC. P. 102089; abst. J. S. C. I. 1917, 36, 2.8.7. C. Hansen, 
U. ,S. P. 1101740, 1914. Farbenfabr. vorm. F. Bayer & Co., Belg. P. 2.78903, 


1912. • 

4 . S. Young, U. S. P. I(H)40.70, 1094707. F. P 4,70780. I). R. P. 
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reduction of sulfur dioxiSe by ethylenic hydrocarbons: SSOj + 
C 2 H 4 = 3S + 2 CO 2 + 2 H 2 O. The reaction, which is very* in¬ 
complete and slow, may be accelerated by the use of a catalyst 
such as ferric oxide or calcium sulfide. The lattef probably acts 
as follows: (l).2CaS +'3SO> = 2 CaC 03 + 3vS; (2) 2 CaC 03 -f 
C 2 fl 4 = 2CaS + 2 CO 2 + 2 H 2 O. The roaster gases, containing 
about 8 % SO 2 , pass through a dust separator to a combustion 
chamber, where a limited amount of oil is introduced and the 
excess of oxygen consumed. The gases next pass to the com¬ 
bustion, chamber, where a further supply of oil is added, in quan¬ 
tity sufficient to remove the oxygen from the SO 2 . The contact 
mass is made up with plaster of Paris and iron salts. The chief 
difficulty appears to be deterioration of the contact mass by the 
high temperature and dust. The temperature in the contact 
chamber is about 800°, the oil being introduced in the form of a 
spray. By this process it is stated that the sulfur content of the 
gases may*be reduced to 0.2%. Other reduction processes have 
been proposed.* The claim is put forth that the thiogen process 
is likely to be economically successful only when sulfuric acid 
cannot be made directly from the gases. ^ 

If sulfites are made from SO 2 they may be treated for the 
production of sulfur by heating under pressure with a little 
water:’ 2 NaHS 03 + NaavSO., = 2 Na 2 S 04 + S -f- H 2 O. About 
3%-4% of polythionates may also be added and the heating con¬ 
ducted in an open vessel.’ 

Sulfur from Alkali Waste. In the preparation of soda by 

271002. See U. S. Min. Res. for 1914, LiO; Cliem. Ztg. 1914, 38, 383; J. S. 
C. I. 1912, 31, 602; 1914, 33, 593. Met. Chem. Kng. 1917, 16, 309; abst. 
J. "S. C. I. 1917, 36, 506. A. G. fiir Bergbau, Blei u. Zinkfabrikation zu 
Stolberg, D. R. P. 253493; abst. J. S. C. I. 1913, 32, 23. Sec also P. Wilson, 
Chem. Ztg. Rep. 1912, 36, 514. 

1. W. Hall, E. P. 26594, 1912. S. Young, U. S. P. 1262295, 1915; 
abst. J. S. C. I. 1918, 37, 3.‘^3-A. P. Smith, U. S. P. 878569, 1908; abst. 
J. S. C. 1. 1908, 27, 282, F. Teed, H. Sulman and H. Picard, E. P. 14628, 
1911; abst. J. S. C. I. 1912, 31, 721. Soc. anon, ractallurgique ''Precedes de 
Laval,” Wag. Jahr. 1908, 54, I, 366. 

2. C. Schiffner, Chem. Ztg. 1914, 36, 9, 16, .183; MetaU u. Erz, 1914,. 
11, 257; abst. J. S. C. 1. 1914, 33, 1160. 

• 3. Farb. vorm. F. Bayer & Co., D. R. P. 265167, 1912; abst. J. S. C. 

I. 1913, 32, 1068. 

4. Farb. v. F. Bayer & Co., U. S. P. 1102911, 1914; F. P. 4.59713, 
1913; D. R. P. 263167, 264920, 265167; abst, J, S. C. 1. 1913, 32, 1068, 11V)9. 
W. Feld, U. S. P. 1127219, 191.5; E. P. 10147, 1912; D. R. P. Anm, of March 
7, 1912; abst. J. S. C. I. 1913, 32, 602; 1915, 34, 28:1. Bel/ P. 217695, 
1909. F. P. 408253, 1909. .Swiss P. 421130, 1908. See also L. Bassett, 
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the Leblanc process, the sulfur contauied in the sulfuric acid 
used in making saltcake is left in the so-called alkali waste in the 
form of calcium sulfide. About 40% of this waste consists of 
CaS, and in the early days of the industry, when this was not 
utilized, large amounts of sulfur were thus lost. In Great Britain 
it is estimated that 150,000 tons of sulfur, valued at $2,0(K),00{), 
were in this manner, annually run to waste. The utilization of 
this waste was a pressing problem for the old Leblanc industry, 
and its successful solution has enabled that process still to be 
carried on as a source of caustic soda. Gossage in 1S38,decom¬ 
posed the waste by carbon dixoide, with production of hydrogen 
sulfide: CaS -t- H^O -f COa = CaCOs + ILS, but this has been 
improved by A. Chance.^ The suspension of the waste is treated 
with limekiln gas, as free from carbon monoxide and oxygen as 
possible, in a number, say seven, of large iron cylinders called 
carbonators, 15 ft. by 7 ft. As the ILS evolved is diluted with 
too much nitrogen to be directly utilizable, it is jihssed into 
another carbonator of waste, where the HaS is absorbed as hydro¬ 
sulfide : CaS + HaS = Ca(SH) 2 , the nitrogen passing off. If kiln 
gas is now passed through this hydrosulfide, ILS diluted with 
only half as much nitrogen as before is obtained, and collected in 
large gasometers: Ca(vSH )2 + CO 2 + ILO = CaCOs + 2 H 2 S. 

The H 2 S is then passed to the Claus kiln where, after admix¬ 
ture with the proper proportion of air, it passes over shelves on 
which is spread hydrated porous iron oxide, in presence of which 
as a catalyst, the following reaction occurs: 2 H 2 S -j- O 2 = 2 H 2 O + 
2S. The sulfur is condensed in brickwork chambers in a very 
pure state, up to 80% being recoverable. The proportions pf 
H 2 S and SO 2 in the exit gases are regulated throughout the process, 
and the temperature of the kilns is kept low. The exit gases 
should be kept at about 290° one foot from the kiln.^ It has 
been proposed’ to convert gypsum into CaS by reduction with 

K P 20716, 191.S; abst. J. S. C. I. 1915, 34, 28. M. v. Schaffner and W. 
Helbig, D. R. P. 4610, 6895; abst. Wag. Jahr. 1879, 25, 273. P. Smith, 
*U. S. P. 912743, 912744, 1909. M. Rotten, D. R. P. 74525; abst. Wag. 
Jahr. 1894. 40, 430. Oester. Sodafabrik, D. R. P. 30746; abst. Wag. Jahr. 
1885, 31, 206. C, Maybluch, Belg. P. 160067, 1901. T. Montgomery and 
J Wamkc, U. S. P. 433534, 1890. See also E. Heinze, J. prakt.Chem. 1919, 
SO- 109; abst. J. S. C. 1. 1919, 38, 573-A. C. Collins, U. S. P. 13146.34, 
1919; abst. J. S. C. I. 1919, 38, 861-A. 

1. J. S. C. r. 1888, 7, 162. 

2. R. Carpenter and S. Lindner, J. S. C. I. 1903, 22, 4,57; 1904, M, 557. 

3. E. Hildti Rev. prod. chim. 1918, 21, 165; abst. C. A. 1918, 12, 2414. 
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carbon, and then treat ahcording to the Chance-Claus process 
for recovery of sulfur. Schaffner and Helbig have proposed to 
treat CaS in closed vessels with a solution of MgCb, the reaction 
being: CaS + MgCb + 2H2() = CaCl« + Mg^:)l !)2 + H. 2 S. 
The success of .such proceises, involving cndothertnal reduction of 
sulfates with carbon, depends in a large measure on the price of 
coal.^ Treatment of niter cake and glauberite residues by this 
■reaction is possible. Various other proces.ses have been put for¬ 
ward,* but have not been succe.ssful, as far as can be ascertained, 
the Chance-Claus process alone being worked. 

Other Sources of Sulfur. An important source of .sulfur is 
that contained as pyrites in coak' used for the manufacture of 
illuminating gas. In the crude gas it is evolved in the form of 
H 2 S and CS 2 . The former is removed by passage over hydrated 
iron oxide as in the Claus process, except that the mass is not 
heated. The FeS produced is reoxidized by exposure of the mass 

1. Cf. T Partington, “Alkali Industry,” 1918, ti;i. 

2. H. Blair, K. P. ;113, IS.IS. J. Townsend and J. Walker, IC. P. 1047, 
1860, M. Schaffner and W. Hclbig, IC. P. 8180, 1882. M. Helbig, U. S. P. 
lUl.'HOO, 1919. H. Kenyon and 1. Swindells, U, P. 79, 1871. A. Carey, 

O. Heslop and The United Alkali Co., K. P. lai.'il, 1902; abst. J. S. C, 1. 

1903, 22, 553. See also W. Baranoff, li. P. 7209, 1898, Chetn. I'abrik 
Khenania and K. Projahn, D. R. P. 173239. See Cliem. Ztg. 1908, 32, 217. 
C. Tyers, J. Hedley and The t.biited Alkali Co., Pk P. 2.7970, 1900. (7. 
Hellsing. D. R. P. 209960; F. P. 370,734; E. P. 8104, 1907. I'. Bursehell. 

E. P. 11133, 1900. Gewerkschaft Messel, I). R. P. 18100:1. K. Burkheiser, 
t). R. P. 220032. Niirnberger Consortium f. elektroehein. Industrie, I). R. 

P. 102913. S. Palaschkowski, Russ. P. .7404, .7477, 1901; abst. Chem. Ztg. 

1902, 26, 1,7. A. Muntz and P. Nottin, h'. P. 377409. W. Feld, E. P. 
3061, 1909. U. S. P. 985067. I). R. P. 192533, 2,17007. E. P. 2719, 1908. 

U. S. P. 927,342. D. R. P. 202349. !•'. P. 3874.38, Belg. P. 2.74420, 1913; 

205943, 1908. A. Gutensohn, U. S. P. 709842, 1902. E. Miller, E. P. 

I. 5272, 1902; abst. J. S. C. I. 1903, 22, 913. C. Malsch and C. Gilson, U. S. 
P. 1303701; abst. C. A. 1919, 13, 1815. G. Uckie, U. S. P. 20244.3, 1878. 

J. Hollway, U. S. P. 234129, 1880. Harbord, E. P. 124200; abst. J. S. C. 

I. 1919, 38, 239-A. W. Weldon, 1). R. P. 1704; E. P. 444 . 44.7, 1877; abst. 

Chem. Ind. 1878, 2, 49, 265; Ber. 1877, 10, 1970; 1878, U, 20.7; Bull. Soe. 
Chim. 1878, 29, 141, 191; Wag. Jahr. 1878, 24, ,380. E. Parnell and J. 
Simpson, D. R. P. 332,55, .3.7122, 3.5232, .39007; abst. Wag. Jahr. 1885, 31, 
245; 1886, 32, 287, 288; 1887, 33, .5.33; 1888, 34, 437; Moii. Sci. 1889, 33, 
9.55; 1891, 38, 641, F. Rawes, D. R. P. 2.5771; abst. Wag. Jahr. 1884, 30, 
266. C. Opl, D. R. P. 23142; abst. Wag. Jahr, 188:1, 29, 2,58; Mon. Sci. 

1890, 35, 118; Chem. Ind. 188.3, 6, 232. 11. v. Miller and C. Opl, I). R. P. 

28067; abst. Wag. Jahr. 1884, 30, ;107. H. Leith, D. R. P. ,57042; abst. Wag. 
Jahr. 1891, 37, 370. J. Kynaston, D. R. P. ,34825; abst. Wag. Jahr. 1880, 
32, 286. W. Helbig, D. R. P. 20948. E. Hildt, B. de Montenegro and 

J. Lasnier, Belg. P. 167.364, 1902. H. Grouven, D. R. P. 29848; abst. Wag. 

Jahr. 1884, 30, 1218; Mon. .Sci. 1885, 27, 484. G. Lunge and J. Dewar, 
U. S. P. 480109, 1892. D. Hewitt. E. P. 697, 1877. i 

3. T. Drakcley, J. C. S. 1910, 109, 723. 
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to the air, with the formation of sulfur; 2Fc(()H)3 +'3H2S = 
2FeS + OHvO + S(rrwm’aZ of S); -IFeS + liOj + (iH^O = 4Fe- 
(On'lii + 4S{rcvivification). When the mass contains up to 4()'/( ■ 
S it is removed from the purifiers, and is then called “spent 
oxide.” Many proposals for the recovery of sulfur from spent 
oxide have been made.' The mass contains a variable amount 
of tarry matter, and inasmuch as sawdust is usually mixed with 
the iron oxide to increase the porosity, it contains this organic 
matter. vSimple distillation, therefore, is useless. The proposi¬ 
tion has been matle to extract the sulfur with solvents such as 
carbon disuUide, with or without previous destruction or I’emoval 
of the tar, but the usual process is to burn the spent oxide in a 
rotary kiln or mechanical burner to S(h, and use this in the manu¬ 
facture of sulfuric acid. The sulfur made from spent oxide is 
usually impure and contains tarry matter. This may be re- 

I. J. Ik'cixm'iil. I'*. I’. ;U.")071, 1904 and additions thereto; abst. J. S. 
C. I. 1904, 23, 1210; 1905, 24, 1007; 1900; 25, 5,s:i, 9S5. K. Bnrkheiscr, 
V. S. P. 10I.S479, 1912. F. Banke, li. P. 282S0, 1907; abst. J. .S C. I. 1908, 
27, 1144. Chemi.sche Industrie Aktien (les. and F. Wolf, D. R. P. 218tK)l. 
1<:. Ciselet and C. Uegnide, I). R. P. 2.88707, Belft. P, 2.590,87, 202142, lillH. 
tt.Gonthiere et Cie. and P. Dncancel, F. P. lii.'ls;.!, 1911; F. P. 427892, 4;J407;i 
ami first .‘nhlition therett), dated May 2, 1911; abst. J. .S. C. I. 1911, 30, 
11.51; 1912, 31, ;{24, 810. Belg. P. 2;i,588,5, Mill. .Swiss P. .579;i,5; abst. 
Chein. Ztx. 191,8, 37, 108. iv. Hunt and W. Gidden, II. S. P, 10,59990, 1918; 
Iv. P. 8097, 1912; F. P. 4.52081, 1912; abst. J. .8. C. 1. 1918, 32, 002, 008, 0.57. 
II. Koppers, Iv. P. 218.85. 1918. J. Mackenzie, li. P. 4770, 1918. H. Murphy, 
.\nier. Gas fust. 1910; J. Gaslightinx, 1910, 136, 890; abst. J. S. C. I. 1910, 
35, 1209. Norddentsehe Praparaten F'abr. Heydorn & Biegcl, D. R. P. 
80511.8, 1917; abst. J. 8. C. t. 1918, 37, •t07..'\. Soc. d'Fclairage, Chauffage. 
et Force Motrice, F. P. 4.54990, 1918; abst. J. .8. C. I. 1918, 32, 808. Soc. 
.Anon, d'lvxijloitation <les Proc. Hecigneid and 15. Berger, !•'. P. 891109, 1907; 
abst. J, S. C. 1. 1908, 27, 1112. P. Williams, 15. P. ,590, 1909; abst, C, A. 
1909, 3, 2498. See also, J. 8. C. 1. 18.88, 2, 491. G. Ge.rlach, I). R. P. 229, 

I, 877; abst. Wag. Jahr. 1.879, 25, 20,8; 1882, 28, 284. O. Ross, 15. P. 718, 1879; 

ef. Sci. Amer. 1.879, 39, 270; Cheni. Ztg. 1879, 3, 241. C. Dubois, K. P. 
18108 1885; 7129, 1,880. 1). R. P. 4171,8. Broadberry, Gas World, 1895, 

23, 048. J. BecigneuI, I). R, P. 178020; 15. P. 8,580, 1905. A. Cornillanx, 
15. P. 7010, 1905; Belg. P. 1,8.5791, 1905. C. Maybluh, 1). R, P. 148124. 
15. V'aton and A. Ziiaznavar, F'. P. 880001. 15. Gunther and R. Franke. 

15. P. 11187, 1907; F. P. 877827. A. Derome, F. P. 872099. Other processes 
are, K. Burkhei.ser, I). R. P. 28.5,870. W. Fehl, D. R. P. 272474, 272475; abst. 
Zts. ang. Chem. 1914, 27, 11, 887. P. Fritzsche, D. R. P. 2.50248, 2518.58. 
Soc. H. Gonthrierc, 1). R. P. 24.5.57t); abst. C. A. 1912, 6 , 2811. Akt. Ges. 
*f. Chem. Industrie and F. Wolf, D. R. P. 248001; abst. C. A. 1912, 6, 2084. 
Sec 15. Espenhahn, J. S. C. I. 1910, 35, 292. H. Kohler, II. S. P. 898:578, 
1908; abst. J. S. C. I. 1908, 27, 9,82. F. P. 8795.59, 1907; abst. J. S. C. I. 
1907, 26, 12.52, Craig and Spenee & Sons, 15. P. Appl. 17091, 191,8; abst. 

J. S. C. I. 1918, 37, 721-A. W. Anderson, 15. P. 127128, 1918; abst. J. S. 
C. I. 1919, 38, 899-A. P. Austin, 11. S. P. 181,5940; abst. J. S. C. I. 1919, 
38, 801-A. • 
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moved, as* by filtering the solution in benzene or toluene through 
animal charcoal. It is impossible to separate the solvent from 
the sulfur by-simple distillation. To effect this it has been pro¬ 
posed* to run the CSs solution into water at 70°, so that the 
solvent may be volatilized. J. Cobb* passes cru(le gas, contain¬ 
ing HzS and ammonia, through a solution of zinc or manganous 
sulfate at 80°, whereby ammonium sulfate and the corresponding 
sulfides are formed. After filtration, the ammonium sulfate is 
crystallized out and the sulfides are roasted with production of 
sulfates and a residue containing sulfides. This is .suspended in 
water and treated with sulfur dioxide from the previous roasting, 
to produce soluble sulfites, which are utilized in further treatment 
of the gas. 

Proposals have also been made for the treatment of smelter 
gases, containing SO 2 (see p. 1082). These may be treated with 
a solution of calcium sulfide, with precipitation of sulfur.* This 
is the principal of the Wet Thiogen Process.* When calcium or 
barium sulfide solution is used the following reactions occur: 
(1) 2CaS + 3 SO 2 = 2 CaS 03 + .3.8, or (2) 2CaS + 3 SO 2 = 2Ca- 
S2O3 -f S. The sulfur dioxide is removed from the ga.ses by solu¬ 
tion in water, and the powdered sulfide added. The precipitate 
containing sulfide, thiosulfate and sulfur is settled, and the mother 
liquor used for absorption of SO2. The precipitate is dried and 
distilled, when the free S and half the sulfur in the thiosulfate is 
recoverable. The residue may be reduced to sulfide by heating 
with carbon and used again. The process, which has been a 
success in the laboratory tests, may be useful in certain localities. 

Proposals for the recovery of sulfur from sulfite cellulose lyes 
have been made.* 

Sublimed Sulfur. The major portion of crude sulfur mined 

1. J. Becigneul, D. R. P. 178020; abst. Wag. Jahr. 1906, 52.. 1. .'58; 
Chem. Centr. 1906, 77, II, 1743. Belg. P. 186019, 190,5. 

2. Chem. Fabrik Phoenix, Rohleder & Co., D, R. P. 182820. E. P. 
23957, 1906. F. P. 370893; abst. Wag. Jahr. 1907, S3, I, 324; Chem. Zcntr. 
1907, 78, II, 651. Belg. P. 195474, 1906. 

3. J. Cobb, F. P. 458788, 1913; E. P. 13141, 1912; abst. J. S. C. I. 
1913, 32, 971, 1059. See also F. Duvieusart, Belg. P. 232115, 1911. 

4. H. Sanbom, H. McMahon, J. Overbury and S. Young, U. S. P. 
1062120, 1913; E. P. 18202,1911; abst, J. S. C. 1.1912, 31, 287; 1913, 32, 657. 

5. The Wet Thiogen Process for recovering sulfur from sulfur dioxide 
in smelter gases by A. Wells, Bull. 133, Bureau of Mines, U. S. A. 1917. 
See also C. Fulton, Bull. 84. Bur. of Mines. 1915, 72. F. Schbnfeld, Ann. 
1855, 95. 1. 

6 . R. V. Walther, D. R. P. 262468, 1912; abst. J. S. C. I. 1913, 32, 
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in vSicily is exported to Marseilles for tefuiing by the Michel 
jirocesfi, since fuel is too expensive in Italy.' The sulfur is 
melted and run into iron retorts, heated over a fire. 'J'he retort 
conimunicates with a large brickwork chamber into which the 
vapor passes. At first the vapor condenses on the cold walls as 
a light yellow powder, called h'lowcrs of Sulfur." As the walls 
become hot the sulfur condenses in the liquid form, and collects 
at the bottom of the chamber, whence it is tapped off into wooden 
moulds to form the sticks of Roll .Sulfur. vSuch an apparatus 
produces about 2 tons of refined sulfur jier 24 hours, witji the 
use of about half a ton of coal. Sulfur is also refined in Clermany, 
and some in Italy at Romagna and Catania." Flowers of sulfur 

827; C. A. 1014, 7, Wax. Jahr. lhl‘1, 59, 1, 40(i. In tliis connection 

see also S. YoniiK, Kn);. Min. J. 1914, 95, 409; ahst. J. S. C. I. 1914, 32, 294 
K. Lai Datta, U. .S. I>. 1414470, 1919. India P. 477.5, 1918. J. Kireher, 
r. S. P. 147092, 1874, S. Coulier (Bclg. P. 210951, 1908) recovers sulfur 
frotn wastes arising from tlie manufacture of artificial silk. For the recovery 
of sulfur contained in petroleum, see II. Blackmorc, U. S. P. 79402(5, 1905; 
abst. J, A. C. S. 1900, 28, 79. II. Baker, tb S. P. 80201, 1809. For the 
method of detenuininf; sulfur in spent oxide, see N. Twisselmann, Chem. 
Ztg. 1918, 42, ,588. The extraction of sulfur from its ores by heating aud 
centrifuging is described by A. .Sedgewick, 1,'. S. P. 1418015; abst. J. S. C. I. 
1919, 38, 901-A. Cf. W. Huff, V. S. P. 1317025; alxst. J. ,S. C. I. 1919, 38, 
901-A. 

1. Muspratt, Tech. Chem. 1900, 7, 1089. 

2. F. Janda, Wag. Jahr. 1898, 44, 421. A. Domergue, Chem. Ztg. Kep. 
1905, 29, 19. Chem. Centr. 1900, 77, 1, 8. French Agricultural Society, 
Chem. Centr. 190.5, 76, II, 1182. it. Marcillc, Ann. Chim. Aiipl. I90(>, 
10, Kill; Zts. ang. Chem. 1900, 19, 99. Taurel and GrilTct, Compt. rend. 

1911, 152, 1182; abst. J. .S. C. I. 1911, 30, 084. See also K. Bert, F. P. 
401024. II. Niedenfiihr, L). R. P. 2494.40. For the eonipo.sition of flowers 
of sulfur, see L. Pruiiier, Chem. Centr. 1890, 67, I, 279. IC. Tittinger, Pharm. 
Post, 1.897, 27, 297; abst. Chem. Centr. 1.894, 65, II, 207. N. Leonard, 
Analyst, 1901, 26, 419. A. Hariif, Zts. aiiorg. Chem. 1904, 39, 4870. 
Windisch. Landw. Jahr. 30, 497. F*. Antoine, l.X R. P. 45725; abst. Wag 
Jahr. 1889, 35, 459. 

4. C. de Bechi and S. Bornett, Bclg. 2.50128, 1914. R. Davidson aud 
United Alkali Co., li. P, 17470, 1897; 7088, 1898. A. Walter, I). R. P. 177281, 
192471, 192472. U. S. P. 874812. Soc. Anon, metallurgicpic, “Procedcs dc 
Laval," 1). R. P. 108870. Boude ft Fils, F. P. 401874, ;!t)9089. li. Ras.se- 
Courbet, F. P. 400280. A. Demcnticff, F. P. 4519,81. A. Consoli, li. P 
87.57, 1902; IL P. 410220. A. Scott and A. Meyer, F. P. 4492,58; abst. C. A 

1912, 6, 4.501. Belg. P. 242.522, 1912; Ital. P. 122749; abst, Chem. Ztg 
1914, 37, 42. W. Hall, R. P. 20,594, 1912. T. Hashiride and T. Takane 
Jifir. P. 42100, 1918; abst. C. A. 1918, 12, 2249. A. Alonzo-Consoli, Belg 
P, 1.59891, 1901; 172241, 1904. C. Dubois, IJ. S. P, 420719, 1890, F, 
Dickert, U. 3. P. 410187, 1885. G. Dexter, U. S. P. of Oct. 0, 1800 H 
Rames, U. S. P. 204200, 1878. li. Frazier, U. S. P. ],S24(i2, 1,870. H. Hillyer 
U. S. 1'. 1048101, 1912. J. Lagache, Bclg. P. 190840, 1900. G. Robertson' 
U. S. P. of Nov. 10, 1812. R. White, U. S. P. 444029, 1890. D. Payntcr’ 
U. S. P. 24141, 18.59. See also Noycr, Caoutchouc aud Gutta, 1918, 15' 
9001; abst. C. A. 1919, 13, 528. J. Scott, Chem. Trade J. 1919, 65, ’4-14 ■ 
abst. J. vS. C. I. 1919, 38, 801-A. 
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have also been replaced 1.0 some extent by finely ground and sieved 
sulfur.' The fineness of these powders is estimated by the 
Chancel sulfurimcter,- which consists of a glass tube in which 
the sulfur is shaken with ether, and the deptl), of the deposits 
noted. The results arc given in “Degrees Chancel.” 

Special ptoccsses for obtaining finely divided’ and colloidal 
sulfur have been described.’ 

Properties of Sulfur. General properties arc the boiling 
point, which is 441.01° according to N. Dumorfopoulos’ and 
Chappui, 444.S° and 443.58° according to others; and the atomic 
weight, which is .32.()(i.") (O = 10) according to T. Richards and 
C. Hoover.’ 

As regards some ill-dcfmed properties, it may be stated that 
sulfur is appreciably volatile at 100°.’ When heated gently it 
phosphoresces," and at a higher temperature takes fire.’ The 
ignition point in air is given as 300°, in oxygen 27r)°-2<S0°. The 
free encigy of the different varieties of sulfur has been studied by 

G. I/Cwis and M. Randall.*" 

Sulfur occurs in two crystalline modifications, rhombic or 
atsulfur, and monoclinic or ^-sulfur. The transition point of 

1. A. Walter, 1). R. P. Oili.'UT. Duoanccl, Gouthierc & Co., F. P. 
401067. R. Mareille, Chem. Ztg. 1911, 35, 426. J. Fabre, F. P. 437017). 

H. Fonze.s-Diacon, Ann. Falsif. 1916, 9, .333; abst. J. S. C. I. 1917, 35, 338. 

2. Sec Zts. anal. Chem. 1906. 45, 760; Yitiassa, .Star. Esper. agrar. 
1916, 188. 

3. H. Kohler. D. R. P. 19281.7, 1906; abst. J. vS. C. I. 1908, 27, .KIO, 
t;. vS. P. 898378. See also J, Amiot, Belg, P. 16184,7, 1902. P. Claes, Belg. 
P. 183371, 190,5. 

4. Chem. Fabrik, von Heyden, D. R. P. 201371, 1907; abst. J. S. C. I. 
1908, 27, 1132. M. Ratio and J. Mancini, Zts. Chem. Ind. Roll. 1911, 9, 
,58; abst. J. S. C. I. 1911, 30, 1114. 

' .5. Proc. Roy. Soc. 1914, 90, 189; abst. C, A. 1914, 8, 2297). L. Hol- 

born and K. Griineisen, Ann. Phys. 1901, 6, 123. H. Callendar, Proc. Roy. 
Soc. 1908, 81-A, 329; abst. Jahr. Chem. llKl.5-1908, I, 1,514. 

6 . J. A. C. S. 191.5, 37, 108; abst. J. C. S. 191.5, 108, ji, 96. 

7. P. Jones, Proc, Manchester Lit. and Phil. Soc. 1911, 14; abst. 
J. S. C. I. 1912, 31, 81,5. J. Moss, J. C. S. 1907, 92, ii, 20. J. Dewar, Proc. 
Roy. Soc. 1865, 14, 7. Mattliies, Phys. ZLs. 7, .39.5. H. Griiiier, Science, 
190.5, 74; Zts. ang, Chem, 1905, 18, 1907; J. A. C. S. 1907, 29, 1396. Zts. 
anorg. Chem. 1908, 56, 145. O. Ruff and H. Graf, Ber. 1907, 40, 4199. 
T. Porter, Proc. Chem. Soc. 1898, 05. 

8 . L. Bloch, Compt. rend. 19(H), 148, 782; Ann. Chim. Phys. 1911, 
22, 460. W. Watson, Chem. News, 1913, 108, 187. 

9. H. Moissan, Compt. rend. 1903, 137, 547; abst. J. S. C. I. 1903, 
22, 1193. R. McCrea and A. Wilson, Chem. New.s, 1907, 95, 169; 96, 25, 
J. Hill, Chem. News, 1907, 95, 169, K. Friedrich, Chem. Zentr. 1909, 80, 
II, 316. J. Kaslle and J. McHargue, Amer. Chem. J. 1907, 38, 460. 

10. J. A. C. vS. 1914, 36, 22.59; abst. J. C. S, 191.5, 108, ii, 12. 
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rliombic lo inouoclinic sulfur is 1 ) 1 . 0 °;' below Ibis teiiiperature 
rhombic sulfur is stable, above it, moiiocliiiiiic sulfur. 'J'he 
transition takes place somew’hat slowly, so that if rhombic sulfur 
is quickly heated it fuses at its proper nfelting point of 111..')°, 
but if kept for some time at 10S° it is eon verted into the mono- 
clinic variety which then fuses at 120°. Tlie densities of the two 
forms are also different, that of rhombic sulfur being 2.00, and 
of monoclinic, 1.0,S. Both forms arc soluble in CSi. 

When ordinary sulfur is heated it first forms a clear mobile 
liquid of a pale yellow color, but on continued heating becomes 
viscous and dark. If the boiling litpiid is poured into cold water 
a sticky, soft mass, called plastic sulfur, is obtained, which on 
standing becomes yellow, opaque and brittle, owing to its con¬ 
version into minute rhombic crystals. 'I'liis form appears not to 
be ])roduccd if the srdfnr is (ptite pure,- and would ajrpear to 
consist of more than one kind of sulfur; two kinds of li(|uid .sulfur 
called S-X and S-^i, are recognized, but there may be others," as 
U. Ifngel' has described another crystalline modification. A blue 
variety of sulfur appears also to exist." Other forms have been 
noticed," the subject being really one of considerable complexity. 

1, IC. Beckmann, R. Paul and () I.icsclie. Zts. annrg. Chem. I9IS, 
103, JX9; ahst. C. A. 1919, 13, 2T«7. 

2. R, Tlirclfall, J, Brearley and J Allen, Proe. Roy. Soc. 1894, 56, 
.'12; ahst. Jalir. Cheni. 1894, 47, 49(1. 

.'i. A. Smith, W. Holmes and li. Hall, Zts. pliysik. Chem. HKl.'i, 42, 
409; 19(g>. 52, 002; ahst. J. A. C. S, lOO.'), 27, 797; Ciiciii. Centr. liKKl, 74, 

l, 274; 190.'), 76, 11, 001. A. Smith and \V Holmes, Zts. ])hysik Chem. 
1900, 54, 2.')7; ahst. J. A. C. S. 190.'), 27, il79. A. Smith and C. Carson, 
Zts. physik. Chem. PM),'), 52, 08.7; ahst. J. C. S. 1907. 92, ii, 208. C. Carson, 
J. A. C. S. 1907, 29, 499. R. Brownlee, J, A. C. .S. 1907. 29, 10;j2. A. 
Smith and C. Carson, Zts. t)hy.sik. Chem. 191 1, 77, 001 ; ahst. J. C. S. 1911,* 
100, ii, 977. W. Spring, Naturwissen. Rimdsehan, 1900, 494. G. (Juinckc, 
Ann. Phys, 1908, (4), 26, G2.'>. M. Domergne, J. |)harm. ehim. 1904, 20, 

m. M. Raffo, J. S, C. I. 1908, 27, 747. 

4. Compt. rend. 1891, 112, 800. A. Aten, Zts. physik. Chem Kll.'l, 
83, 442; 1914, 88, 442; ahst. Chem. Ztg. Rep. 1914, 38, 247; J. C. S. 191.7, 
108, ii, 2.74; J. S. C. I. 1914, 33, 1087; 191,7, 34, 0.79, 

5. R. Paterno and A. Mazzuchelli, Atti R. .Acead. dei bineei Roma, 
1907, 16, I, 40.7; ahst. Chem. Centr. 1907, 78, II, II; J. C. S. 1907, 92, ii, 
4.')1. P. Weiinarii, J. Russ. Phys. Chem. Soc. 191.7, 45, 2177; ahst. J. C. S. 
1916, 110, ii, 18.7. T, Hoffmann, Zts Chem. Ind. Roll. 1912. 27.7; ahst. 
C. A. 1912, 6, 32.S.7. N. Orlofl, J. Russ. Phys. Chem. Soc. 1902, 34, .72; 
ahst. Chem. Centr. 1902, 73, I, 1264; J, S. C. 1. 1901, 20, 943; 1902, 21, 870. 

6 » A. Smith and W. Holmes, Zts. physik. Chem. 1903, 42, 409; ahst. 
Chem. Centr. 1903, 74, I, 274; J. S. C. I. 1903, 22, 322. P. Gauhert, Compt. 
rend, 1916, 162? .754; ahst. J. S. C, 1. 1916, 35, 000. I,. Rotinj.anz, Zts. 

physik. Chem. 1908, 62, 609. M. RalTo, Zts, Chem. Ind. Roll. 1908, 2, 3.78. 
H. dc Leeuw, J. C. 3. 1913, 104, 40; Beckmann, Chem. Zentr. 1913, 84, II, 
337, U. Panichi, Zts. Kryst. 54, 393; abst. Chem. Zentr. 191.7, 86, I, 345. 
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Colloidal, sulfur is produced in a variety of reactions 
in which sulfur is precipitated in aqueous solution. It is, perhaps 
best prepared by pouring a concentrated solution «of sodium thio¬ 
sulfate into strong, cooldd sulfuric acid of sp. gr. 1.84. By adding 
water and neutralizing with sodium carbonate, a precipitate of 
sulfur is produced which is water-soluble.' 

The use of flowers of sulfur in treating the oidium disease 
of grape-vines is ascribed to the presence of traces of sulfuric 
and siilfurous acids always found in the commercial article, but 
to a less extent in roll sulfur.- This, however, has been con¬ 
troverted.’ vSulfur has been applied as a fertilizer,' but the 
rc.sults obtained are contradictory, and its value is doubtful. 

The heat of combustion of sulfur, according to J. Thomsen'’ 
is, rhombic + O 2 = SO 2 -f 71,080 gm. cal.; monoclinic + (b = 
S02 71,720 gm. cal. Berthelot gives ()9,2()() gm. cal. for 

. rhombic's.® On boiling sulfur with water, hydrogen sulfide is 
slowly evolved and sulfuric acid formed.’ 

Sulfur is soluble in a number of solvents, the most important 

1. M. Raffo, Zts. Chem. Inil. Roll. 1908, 2, 3.’)8; abst. J. S. C. I. 1908, 
27, 747. Thomsen Chemical Co., D. R. P. 273701. F. Iinhert, F. P. 4.79534. 
P. Kulisi'h, Zts. ang. Chem. 1914, 27, II, 41.5. C. Apostolo, Ann. Chim. 
anal. 1914, i, 124. L. Sarason, D. R. P. 210824, 21082.5, 202407. J. Meyer, 
Bcr. 1913, 46, 3089. Lumiere and .Seyewetz, Bull. Soc. Franc. Phot. 1912, 
375. Chem. Fabrik. von Ileyden, I). R. P. 107004, 201371. Ilimmelltauer, 
Chem. Centr. 1909, 80, II, 790. S. Oden, Zts. Chem. Ind. Roll. 1911, 8, 
180. Weimarn, Chem. Ind. 1911, 34, 398. M. RalTo and J. Mancini, Zts. 
Chem. Ind. Roll. 1908, 2, 358; 1911, 9, 58; abst. C. A. 1912, 6, 319. V. 
Vcrmorcl and E. Dantony, Compt. rend. 1911, 153, 194, C. Rclbcr and A. 
Schwarz, D. R. P. 24.5021. 

2. R. Marcille, Chem. Ztg. Rep. 1911, 34, 420. O. Rossler, Archiv. 
Pharni. 1887, 845. W. Zanker and 1C. Faber, Farber Ztg. 1914, 25, 343, 
361; abst. Chem. Ztg. Rep. 191,5, 39, 110; J. S. C. I. 191,5, 34, 0,59. Chem. 
Zentr. 1913, 84, II, 907; 1914, 85, II, 1219. G. Rupprccht, D. R. ?. 290240. 
N. I,eonard, Analyst, 1901, 26, 319; abst. J. S. C. I. 1902, 21, 135. 

3. R. Molz, Zts. ang. Chem. 1913, 26, I, ,534; abst. C. A. 1914 .8, 190. 

4. V. Saba.schnikoff, Russ. J. exper. Agric. 1912, 821; abst. Bied. Centr. 
1914, 43, 282; J. S. C. I. 1914, 33, 1101. F. Dc Castella, J. Dept. Agric. 
Victoria, 1914, 12, 289; abst. Pliarm. J. 1914, 07; J. S. C. I. 1914, 33, 1101. 
See also J, S. C. I. 1913, 32, 09; 1914, 33, 975. A. Dcmolon, Compt. rend. 
1912, 155, 524; 156, 725. W. Thalau, Vers. Stat. 1913, 101; Zts. ang. Chem. 

1913, 26, II, 001. W. Thorner, Zts. ang. Chem. 1916, 29, I, 233. J. Vogel, 
Chem. Zentr. 1914, 85, I, 1212. T. Pfeiffer and K. Blanck, Zts. ang. Chem. 

1914, 27, II, 298. .See J. S. C. I. 191.5, 34, 294, 1106. G. Bosinelli, J. S. 
C. I. 1915, 34, 1004. H. Lint, J. Ind. Eng. Chem. 1914, 6, 747. 

5. Bcr. 1880, 13, 9.59; Jahr. Chem. 1880, 33, 16. 

6 . M. Berthelot, Compt. rend. 1880, 90, 1449. 

7. C. Cross and A. Higgin, J. C. S. 1879, 35, 241. “Cf. A. Colson, 
Bull. Soc. Chim. 1880, (21, 34, 06; J. Bohm, Jahr. Chem. 1882, 35, 225. A. 
Smits, Zts. physik. Chem. 1913, 83, 221; H. dfi Leeuw, Zts. physik. Chem. 
101-') M pa.5 
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being ^carbon disulfide, carbon tetrachloride, sulfur chloride, 
petroleum and turpentine, although special solvents have been 
described.* It dissolves in hot concentrated sulfuric acid, form¬ 
ing sulfur dioxide, and in alkalis and milk of lime on heating, 
forming polysulfides and thiosulfates.- 

Determination of Sulfur. 'I'hc determination of sulfur in 
crude and refined brimstone, pyrites, spent-oxide, and in manu¬ 
factured materials such as vulcanized rubber, asphalt, etc., is a 
matter of considerable importance, and in some cases one of 
dithculty. 

Brimstone. 'J'he chief difficulty in this case is obtaining a 
representative sample. In the case of coarse sulfur, Lunge 
recommends taking 100 gm. of a crushed sample for the estima¬ 
tion of moisture, the crushing being done rapidly and only a 
coarse powder being aimed at. In large consignments it is recom¬ 
mended to sample in the same manner as pyrites, quartering in 
the car to 10 oz. sample, and breaking up all lumps during quar¬ 
tering. 

The principal impurities in brimstone are: moisture, ash, 
arsenic (in the forms of arsenious oxide and sulfide, and rarely 
calcium and ferric arsenites), organic and bituminous matter, 
and selenium in Japanese sulfur. 

Moisture is estimated by spreading about 20 gm. thinly on 
a watch-glass and drying for three days in a good sulfuric acid 
desiccator, or by heating on a water bath for one hour, the per¬ 
centage of water being calculated from the decrease in weight. 
If heating is used, it should not exceed 70°, and should be con-, 
tinned no longer than necessary. This determination is of 
especial importance, as the percentage of sulfur is only indirectly 

1. Chcin. Kabrik von Heydcii .tkt. Ge.s., D. R. P. 284410. A. Van- 
denberghe (Bcig. P. l.'itiloO, 1808) iisi's petroleum to extract sulfur from 
material coiitainiug the same. 

2. For additional information consult: J. Smythe and W. Wardlow, 
PijDC. Durham Phil. Soc. 1913-1914, 5, 187; abst. J. C. S. 1915, 108, ii, 
335; J. vS. C. I, 1915, 34, 797. G. Brown, Amer. J. Sci. 1910, 42, 132; abst. 
J. S. C. I. 191(1. 35, 92(1. L. Guitteau, Conipt. rend. 1910, 163, 390; abst. 
J. S. C. I. 1910, 35, 1217. K. von Hasslingcr, Monatsh. 1903, 24, 729. A. 
Kdinger and J. Kkeley, Bcr. 1902, 35, 90; abst. J. S. C. I. 1902, 21, 285. 
B. Hetnze, Chem. Ccnlr. 1900, 77, II, 099; 1907, 78, II, 270; 1913, 84, I, 
2173. J. Dobbie and J. Fox, Proc. Roy. Soc. 1919, 95-A, 484; abst. C. A. 

1919, 13, 1905.* Solubility of sulfur in various solvents, R. Innes, J. Six'. 
Leather Trades Chem. 1919, 3, 120; abst. J. S. C. I. 1919, 38, 9.5,5-A; C. A. 

1920, 14, 475. * ■ 
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determined in the customary method of procedure. , 

Sulfur is determined by a variety of methods. (1) Volatil¬ 
isation. H. I'resenius and P. Beck' heat 10 gip. of sulfur to a 
little above 2(K)° to volatilize the sulfur, weigh the residue, and 
incinerate. In this way the bituminous matter and ash is found. 
M. Levi" finds this methorl to give satisfactory results, but he 
recommends the oxidation method described below. (2) Sohi- 
tion. The sulfur is extracted by a solvent such as carbon disul¬ 
fide. jAbout 1 gm. is weighed into a tared Gooch crucible and 
extracted with CS-i in a Wiley extractor, the soluble part being 
dried at 100° to constant weight. If tarry matter is present this 
method cannot be used. F. Carpenter" found that only part of 
the sulfur eoidd be extracted by CS 2 from Mexican sulfur, which 
contains gypsum. The loss of water of crystallization of the 
latter also precluded the determination by loss on ignition. In 
this case*2 gm. of material is weighed into a 2.50-ec. beaker, boiled 
for 10 minutes with dilute HCl, filtered, dried and weighed. The 
residue is sulfur and insoluble matter, from wdiich the former can 
be extracted with CvSa. 

I. Ccruti'* extracts the sulfur with aniline at 120°-130°. 
Methods for the extraction of sulfur by CSa have been described 
by H. Macagno," G. Pfeiffer" and G. Lunge." The latter recom¬ 
mends the following process; The sample is shaken with exactly 
four times the quantity of pure CS^, filtered, and the density 
determined at 1.')°. From this, the sidfur is estimated by means 
of tables given in the original.’ (3) D.xidation. M. Levi" weighs 
0.2 gm. sulfur into a 100 cc. conical flask, fitted by means of a 
ground glass joint to a reflux condenser. The flask is held in an 
inclined position immersed in cold water, and 10 cc. fuming nitric 
acid (sp. gr. 1 ..52) and 5 drops of bromine are introduced ilueccs- 
sively through the reflux. The fla.sk is shaken occasionally till 

1. Zts. anal. Chem. 1903, 42, 21. 

2. Annali Chim. appl. 19115, 1, 9; abst. J. S. C. I. 191.'5, 34, 2,S2, 

3. F. Carpenter, J. ,S. C. I. liK)2, 21, 832. 

4. Boll. chim. farm. 1904, 43, 421; abst Chem. Centr. 1904, 7S, 1, Ob'). 

n. Chem. News, 1881, 43, 192. 

0. Zts. anorg. Chem. 1897, 15, 194. 

7. "Chem. Tcehnische Untersiiehungsmcthoden,” 1, 240. 

8 W. .Smith, J. Incl, Eng. Chem. 191.'), 7, 849. T. Reed, Chem. Ztg. 
Rep. 1897, 21, 2,52. R. Klason and H. Melquist, Arkiv, Kqm. Min. Gcol. 
1911, 4, No. 18. 1; abst. Chem. Ztg. 1911, 35, 1346; J. C. S. 1912, 1(B, ii, 
201; Zts. ang. Chem. 1912, 25, .Slt. ■■ • 

9. Annali Chim. appl. 191,'), t, 9; abst. J. .S. C. I. 191.5, 34, 282. 
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most of the sulfur and bromine are di*iolved, when a further 
5 cc. i)f nitric acid arc added, and after heating half an hour on 
the water bath the flask is again immersed in cold water, the 
solution diluted with 50 cc. of cold water introduced in small 
portions through the reflux and the sulfur estimated by pre¬ 
cipitation with barium chloride as usual. With low-grade sulfur 
the determination should be made with the sulfur separated from 
the original sample with CS 2 . A. Myhill' points out that 
in the method of extraction with CSa errors may arise from 
solvent left in the sulfur by the reaction: CS-.. Oj = Ctb^-f- 2S. 

Chlorides. 20 gm. of the finely powdered dried sulfur are 
boiled in a .500 cc. beaker with 300 400 cc. distilled water until 
the solution is reduced to about 100 cc. The extract is then 
Altered, the residue washed, and filtrate and washings acidified 
with dilute nitric acid. The liciuid is then titrated with A\ 100 
AgNtb solution, using K;Cr ()4 as indicator, and the percentage 
of chlorine calculated as NaCl. 

Arsenic. Ten gm. of finely ground sulfur is digested for 1 
hr. with .50 cc. distilled water on the water bath, 10 cc. ammonia 
being added (lO'/j,). The solution is filtered, 10 cc. arsenic-free 
HNO;i atided to the Altrate, and the liquid evaporated to from 
.5 cc. Two cc. arsenic free sulfuric acid are then added, and 
the mixture cautiously heated until white fumes arc evolved. 
After cooling, a further 2 cc. of water are added, and the mix¬ 
ture again evaporated until white fumes are evolved. The liquid 
is then diluted to a concentration of about 20'/o HjSOi, a little 
zinc added, and the Gutzeit test applied in the usual manner. 

Selenium. 500 gm. sulfur are extracted with chloroform on 
an electrically heated water hath in a large Soxhlet extractor, or 
several smaller ones arranged side by side. The thimbles of the 
extractors are recharged with sulfur at intervals, and it has been 
found that when the sample of sulfur is 00-mesh or finer, the 
extraction is complete in about 0 hours. The residue is trans¬ 
ferred to a porcelain crucible, 20 cc. nitric acid added, and the 
mixture evaporated to dryness on a water bath. The mass is 
treated with 100 cc. cone. IlCl, the nitric acid boiled off. 
Altered through a Gooch crucible, and the residue washed with 
cone. IICl. 10 cc. cone, stannous chloride solution are then added, 

J. Gas World; abst. Am. Gaslight J. 99, 2'):!; C. A. 1914, 8, 2:14. 
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and the liquid allowed tO stand 24 hours in the dark. The pre¬ 
cipitated selenium is then Gooch filtered, and washed with JICl. 
The precipitate is re-dissolved in IINO3, and the .solution evap¬ 
orated to dryness. 100 cc. cone. IICl are then.iadded, and the 
mass heated until free from IINO.i. The liquid is then diluted, 
and treated with SG 2 gas. The development of a red color at 
this stage confirms the presence of selenium, which may thus be 
detected to a dilution of 0.000.’)'^. 

Ash. 2o gm. of the finely ground sample are weighed in a 
tared porcelain crucible, lighted, and carefully incinerated. The 
crucible is then heated over a flame, at first gently, and later more 
strongly. After cooling in a desiccator, and reweighing, the per¬ 
centage of ash is calculated from the increase in weight. 

Residue. About 2.4 gm. of the finely ground sample are 
weighed into a dried, tared Soxhlct thimble, and chloroform- 
extracted in a Soxhlet apparatus for 10 hours. The thimble and 
contents hre then dried at 100°, cooled and weighed. The per¬ 
centage of insoluble matter is then calculated from the increase 
in weight of the thimble, and the percentage of “residue” oiitained 
by subtracting the ash percentage from the insoluble matter 
percentage. The “residue” is the “chloroform-insoluble,” minus 
ash. 

For the estimation of arsenic, see H. .Sehappi,' F. Steel. 

The Analysis of .Spent Oxide has been eritically discussed by 
V. Hottenroth and others.’ In the extraction with carbon di¬ 
sulfide, substances other than sulfur are dissolved, which are not 
completely removed by washing the sulfur with ether. Weutzel 
recommends carbon tetrachloride as the extraction liquid, whereas 
the other two authors consider that the sulfur should be oxidized 
to sulfuric acid by fusion with sodium carbonate and potassium 
nitrate, and the sulfate precipitated with barium chloride. J. 
Marsden'* removes impurities from the sulfur left after the evap¬ 
oration of the CS 2 used for extraction by treating it with con¬ 
centrated sulfuric acid. 5 gm. of oxide arc used for the first 

1. Chem. Ind. 1881,4, 400. 

2. Chem. News, 1902, 86 , 12.5. H. Hager, I’harm. Centralh. 1884, 
26, 2G.S, 443. J. Brand, Chem. Zciitr. 1908, 79, 1, 702. 

3. V. Hottenroth, Weutzel, K. Wolf, H. Drehschmidt and Wirts, .Vcr. 

deutsch. Gaswerke A. G., Zts. ang. Chem. 1918, 31, 127; abst. J. S. C. I. 
1918, 37, 413-A; C. A. 1918, 12, 24,30. • 

4. J. Gaslighting, 1914, 127, 33.5; abst, J. S. C. 1. 1914, 33, 909. 

«• 
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extraction, and the residue evaporated in a tared 250 cc. flask, is 
heaU'd on a steam bath ^vith 10 20 cc. cone, sulfuric acid for 4 
hours. 200 cc. distilled water arc added, and the sulfur filtered 
off. The sulfur is washed free from acid, re extracted with CvSj, 
and the residue weighed. The different'c in weighings gives the 
amount of organic matter present. Zulkowski's method, whicli 
can also be used for pyrites, is described under the latter. An 
improvement of the method is to pass the gases, not through a 
solution of hypobromite, but through hydrogen peroxide, and to 
titrate the sulfuric acid formed by standarel alkali, aljowance 
lieing made for the acidity of the peroxide. The reaction is 
II 2 O 2 + vSCb = HavSO.,.' C. .Somerville- burns the spent oxide 
in a stream of oxygen and absorlrs the .SO,, in caustic soda. The 
solution is oxidized with Il/fo and precipitated with barium 
chloride. H. Ksirenhahn’ heats 0.40.7 gm. of tlie sample pre- 
\iously finely powdered and waslied, with 4 gm. of rt'duced iron 
in a hard-glass crucible, .'JO mm. long and 10 mm. dian.., keeping 
for 7 to 10 minutes at a dull red heat, the sulfur being converted 
into ferrous sulfide. The mass is e(X)led in a current of C()>, 
decomposed in a conical flask with strong hydrochloric acid, and 
the fh.vS evolved ])assed into iY/10 ie)dine and titrated in the 
usual way. The CS 2 extract of the spent-oxide gives the sulfur 
and tar; the latter is thus found by difl'erence. The total sulfur, 
including that as sulfates and thiocyanates, is found on the un¬ 
washed sample. C. Davis and J. Foucar* estimate sulfur in 
spent oxide as follows: 1 gm. of finely div’ided material (50 
mesh) is dried on a water-batli for an hour, ami transferred to a 
25t) cc. flask; 1.5 gm. sodium cyanide and 50 cc. absolute alcohol 
added, and the contents boiled under a reflux f(.)r two hours. 
The alcohol is distilled off, lOO cc. hot water added, and the solu¬ 
tion transferred to a 250 cc. flask, the volume being made up in 
the cold. 25 cc. of this solution are taken, 75 cc. water and 5 
cc. saturated iron alum solution added, ami the mixture heated 
.with constant stirring to 05°. It is filtered into a 750 cc. beaker 
and washed free from thiocyanate. When cool, 5 cc. nitric acid 

1. K. Zulkowsky, Dingl. Poly. 18,S1, 241, r>2. 

2. J. Gaslighting, 1914, 241; ah.sL C. A. 1914, 8 , 8498. Set- also C. 
A. 1911, 5, 872; 1912, 6, 67(5. 

8 . J. S, C. I. 191(1, 35, 292. 

4. J. 5. C. I. 1912, 31, 100; abst. Chem. Zeiitr. 1912, 83, I, 1785, 
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are added, the solution made up to 500 cc. with water, and titrated 
with lV/20 AgNOn solution until the red color disappears. Other 
methods are thW of M. Dennstedt and F. Hassler,' O. Pfeiffer,'-* 
and other investigators.’ 

To determine sulfur ih asphalt, bitumen, etc., H. SchillbaclF 
mixes the material with excess of barium peroxide and ignites. 
The ash is washed with hydrochloric acid and the residue of 
BaS 04 weighed. A. Hutin*’ extracts free sulfur from commercial 
antimony sulfide by acetone, the extraction requiring 0 to 8 hours. 

For,the determination of sulfur in gunpowder, G. Petersen' 
boils with alkali; the solution of sulfide is treated with hydrogen 
jieroxide, warmed, acidified with MCI, and precipitated with 
BaCl". For the estimation of sulfur in petroleum, D. I.ohmann’ 
burns the oil under pressure in oxygen in a Mahler’s bomb. The 
gases are passed into sodium carbonate solution, and the sulfate 
estimated as usual. 

The estimation of sulfur in pyrites is usually effected by oxida¬ 
tion to sulfuric acid. As oxidizing agents there have been pro¬ 
posed aqua regia,* hydrochloric acid and bromine,* nitric acid 
and bromine," fusion with sodium carbonate and potassium 
nitrate, or sodium peroxide."’ Heating with sodium carbonate 
and zinc oxide has been recommended," and manganese dioxide 
and magnesia,’-’ as well as treatment with a solution of bromine 

1. Zts. anx. Clieiii. I'H);'), 18, LKti, liMW; lOOli, 19, 1008. 

2. J. Gasbeluecht. 11105, 48, !)77: abst. Jahr. Cheni. 100.5-11108, I, 1500. 

0. W. Diamond, J. S. C. I. 11108, 37, 3.30-T; Gas J. 19111, 145, 24; ab.st. 

C. A. 1919, 13, 782. 

4. Zts. aiig. Chrm. IHOO, 16, 1080; abst. J. .S. C. I. UllW, 22, 1009. 

H. Upton, J. bid. Kiig. Chem. 1918, ‘lO, 518. H. Stevens, Analyst, 1918, 
43,«077. 

5. Ann. Chim. Analyt. 1910, 21, 02; abst. J. S. C. 1. 1910, 35, 007. 

6 . Chem. Ztg. Rep. 1902, 26, 3.55; Oversigt over Videnskaberncs 
Sclskabs Forhandlinger, 1902, 5, 191; abst. j. S. C. 1. 1900, 22, 112, 

7. Chem. Ztg. 1911, 35, 1119; abst. J. S. C. I. 1911, 30, 1244. 

8 . M. Lemaire, Zts. ang. Chem. 1900, 16, .541; abst. J. S. C. 1. 1900, 
22, 822. A. Smoot, Kng. Min. J. 1912, 94, 412; abst, J. S. C. t. 1912, 31, 918. 

9. T. Craig, Chem. News, 1917, 115, 2.50, 205; abst. J. S. C. 1. 1917, 
36, 709. 

10. Z. Karaoglanow and P. Dimitrow, Zts. anal. Chem. 1917, 56, 501; * 
abst. J. S. C. I. 1918, 37, 204-A. H. Moore, T, Ind. Eng. Chem. 1916, 8, 
26; abst. J. .S. C. I. 1916, 35, .505; J. Ind, Chem. 1919, 11, 4.5; abst. J. S. C. 

I. 1919, 38, 171-A. 

11. h. Sznajdcr, Chem. Ztg. 1913, 37, 1107; abst. J. S. C. I. 1913, ?2, 

941. 

12. A. Reitliiiger, J. Russ. Phys. Chem. Soc. 1902, 34, 457;<tbst. Chem. 
Centr. 1902, 73, II, 610; J. S. C. I. 1902, 21, 1298. 
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in farbon tetrachloride.' 'fhe estimations may be made by 
gravimetric or volumetric methods. I'or further details see the 
section on Pyrites (pages 104;} llfiii). 

Pyrites. The pure mineral pyritts is a disulfide of iron, 
FeS-i, crystallizing in the forms of the cube and the pyritohedron, 
the former being often striated on the faces, the striae of one face 
being at right angles to those of the adjacent faces. It also 
occurs massive, in nodules which usually show a radiating struc¬ 
ture, in finely disseminated crystals or particles,- and in e^imbined 
forms. Commercial pyrites is usually mixed with gangue or 
other sulfides. The color is pale yellow to bronze, with metallic 
luster; the fracture conchoidal and irregular; the hardness (i to 
()'/ 2 , and the density 4.,S;} to .">.2. Pure FeS-> contains 4t)..")S% 
iron and .5.'}.45% sulfur. Marcasite is a mineral of the same 
composition, but crystallizing in the rhombic system. It is 
lighter in color than that of pyrites, very easily uindergoes 
oxidation in the air, producing ferrous sulfate and basic ferric- 
sulfates," and has a sp. gr. 4.6.5 4.S<S. 

Other varieties are pyrrhotite, Fe 7 ,S 8 , and cuprous pyrites, 
the latter containing copper sulfide.' This is golden yellow color, 
and in the pure state has the formula FeCuvSi, containing ;14.5.S'>(, 
copper and ;}4.8S';,'; sulfur. Cupreous pyrites used in the manu¬ 
facture of Ktdfuric acid, however, rarely contain more than 4% Cu. 

The calorific value of pyrites has been approximately deter¬ 
mined as 4657 gm. cal. per. gm. burning to Fe.j 04 .t)S 0 .( aq., or 
2015 gm. cal. burning to FcjOi.lSOa, in each case per gm. vS. 
The latter values refer to 1 gm. pyrites, and is 1557 gm. cal. In 
all cases the pyrites is assumed to contain 5;}.2%, S.’’ 

Although the use of pyrites as a substitute for brimstone in 
the manufacture of Sulfuric acid was patented by Hill in England 
as far back as 181,8, its use on an extensive scale was first begun by 
his countryman, T. Farmer, in 18;i0. Pyrites has almost com- 

, 1. W. Alien ami H. Hishop. Hightli Inti. Cong. -Appl. Chem. 1912. 

I, 1, abst. J. S. C. I. 1912, 31, 919. 

2. B. Do.ss, Chem. Ztg. 19i2, 36, .5-10. 

3. P. Truehot, "I,es Pyrite.s, Pyretes de Per. Pyrite.s dc Cuivre," 
Paris, 1907. A. Brown, Chem. News, 1H9.5, 71, 1.19. Stakes, Bull. 186, 
U. 6. Geol. .Surv. 1901. Oknow, Metallurgie. 8 , ,5.39. 

4. li. vSjostedt, J. A. C. S. 1904, 26, 30,5-R. B. Doss, Zts. prakt. Geol. 
19i;i, 20, 49B; abst. Chem. Zentr. 1913, 84, I, 737. T. Drakelev, J. C. S. 
1910, 109, 723. See Chem. News. 1916, 114, ,34. 

.5. K. SomeWier, J. A. C. .S, 1904, 26, .5,5.5. 
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pletcly supplanted brimstone in England, France and Germs^ny. 
The question of the relative advantages of pyrites and brimstone 
in the manufacture of sulfuric acid has been summed up by G. 
Lunge' as follows; The advantages of brimstone are a somewhat 
higher yield of acid,—rather lower cost of plant, and above all, a 
greater purity of the acid. The advantages of pyrites are its 
greater cheapness- in most cases pyrites sulfur costs only half 
as much as brimstone, and the value of the copper in the pyrites 
cinder. Brimstone burner-gas also contains more SO 2 than that 
from pyrites. For the production of sulfur dioxide and sulfites 
for bleaching paper-pulp, sulfur burners are easier to work and 
there is less loss of sulfur. Since the Louisiana deposits have 
been exploited the use of brimstone in America has steadily 
increased. 

Norwegian pyrites, containing about 40% S, and Spanish and 
Portuguestt pyrites, containing about 40%; S, are the usual var¬ 
ieties employed in the manufacture of acid, the former being 
nearly free from copper, while the latter contains U'/'(-4% copper. 
Belgian pyrites (4.')% S), French pyrites (4.")%; S) and Italian 
pyrites (49%. S with much arsenic), are used locally. Important 
deposits are also present in Russia, Canada and America. 

The pyrites present in coal is unsuitable for acid manufac¬ 
ture on account of the tarry matter given off on roasting. 

The weights of pyrites, in lOOO tons, consumed in different 
countries is shown in the following table. 


Year 

America 

Kngland 

France 

Russia 

Germany 

1900 

• nm 

7!i;i 

;197 


627 

1902 

64.5 

620 

•123 


04. 

1904 

020 

7.53 

426 


678 

1906 

8.58 

770 

.589 


770 

1908 

890 

777 

.5<)2 


878 

1910 

1007 

810 



1008 

1912 




2.50 

910 

lOl.S 

ia59 






The production of pyrites in 1915 was 394,124 tons, the con¬ 
sumption 1,358,768 tons. The production of pyrites in Great 
Britain and Ireland in long tons of 2250 pounds, was for the 
1. “.Sulfuric acid and Alkali,” 4th Rd. riGO. 
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pencil 1010 to 1014, amounts as follows: 

1910 9,380 tons 1913 11,427 tons 

l‘.Ul 10,114 tons 1014 ll.G.'S-ltons 

10J2 10,552 tons 

t 

The importation into Great Britain was 810,000 tons in 1010, 
and 840,021 tons in 1011. 

The production and importation of pyrites in Germany was 


as follows; 

Production 

Importation 
(Less lixports) 

1911 

217,4.49 

,S.41,2(U ' 

1912 

220,000 

1,018.X4() 

1913 


1,02.3,9.42 


The productions in Austria-Hungary were: 

Produced Imported Exported 


1910 92,4(14 . . 

1911 100,000 1.40,000 . 

1912 . 180,090 ,4,081 

1913 . 130,.520 3,.88,4 


In 1910 France produced 250,000 tons, and in 1911 240,000 
tons. In Russia the production in 1910 was .50,000 tons, and in 
1912 ISO,000 tons. The imports in 1911 and 1912 were 115,000 
and 145,000 tons, respectively. 

Recent production of pyrites in Spain and Portugal is given 
as follows: The Rio Tinto Co. produced 2,400,909 tons in 1912, 
of which 098,399 tons were exported. In 1912, 2,080,000 tons 
of pyrites were exported from Huelva. In 1913, 2,733,000 tons 
were exported, of which 900,937 tons went to Germany and 
Holland, 008,080 tons to the United States, 512,487 tons to 
Great Britain, 353,455 tons to France, Tunis and Algiers, 89,995 
tons to Belgium, 30,022 tons to Russia, 27,518 tons to Austria, 
and 24,895 tons to Italy. In 1913 Spain exported 2,903,5.54 tons, 
producing 730,508 tons iron pyrites, 2,000 tons copper pyrites, 
and 1,404,349 tons cupreous pyrites in 1915.' 

In 1911 Italy produced 170,000 tons, in 1913 292,077 tons 
non-cupreous and 28,973 tons cupreous pyrites; in 1913, 292,077 
•tons non-cupreous and 25,257 tons cupreous pyrites. The im¬ 
portation in 1911 was 115,000 tons.' 

In the United States^ the production of pyrites in 1912 was 
• 1. See also J. S. C. I. 1919, 38 , 248-R. Min. World, Aug. 1, 1908; 
abst. J, S. C. I. 1908, 27, 8.4.4. 

2. J. ffebelieti, Chem. Ztg. 1914, 38 , 1119. O. Falkenberg, Zts. prakt. 
Geol, 1914, 22 , 105; abst. C. A. 1915, 9 , 1733. 

3. U. S. Mfn. Res. 1914, II, 140; 1918, II, .3,47; abst. C. A. 1920, 14 , 
4.41. P. Hopkins, Bull. Amer. Inst. Min. Eng. 1910, 1.301; abst. C. A. 1910, 
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;i.')0,',t2<S tops, in it was :541,;i3.S tons, in 1014 IWG.litG tvns, 
and in lOlo, 1104,124 tons. The imports in 1015 were 0()4,();i4 
tons. V, 

Tlie pro<luction of pyrites in Japan was ;i(),()OI) tons in 1010 
and 0,(K)0 tons in 1911. 

Analysis of Pyrites. A great number of methods have been 
proposed for the analysis of pyrites. The sampling of the con¬ 
signment must, of course, first be carefully made, the final sample 
being coarsely ground and kept in a stoppered bottle. 

Moisture is estimated by drying at 105°, and the other re¬ 
sults are calculated on the dry pyrites. vSulfiir is estimated by 
oxidizing the powdered pyrites by aqua regia, and precipitation 
with barium chloride. 

Great Britain possesses several deposits of pyrites, none of 
great importance. The mineral occurs in Cornwall, Devonshire, 
Cleveland \North Yorkshire), Ireland (County WicklowJ, Wales 
(Cae Coch Mine), and a few other localities. These pyrites have 
now gone almost entirely out of use. 

The most important German source is the bed at Meggen, 
Westphalia, the analysis of which is as follows: 


ii I) Average 

Gangue. 12 02 12.00 12 0 

Sulfur. 41.94 4;! . 42 40 4;i 

Iron. 24.92 .'I.'). 50 .25 

Zinc . 7.50 .5.81 7 

Read. 0.28 not estimated 0.2 -0.5 

Arsenic. trace (8 05 trace-0.05 


Total. 97.22 97 80 


The smaller beds of pyrites exist near Goslar, near Schwelm 
(Westphalia), and near Merzdorf (Silesia). A great drawback: to 
the German ores is the presence of zinc, in consequence of which 
sulfur is left in the burnt ore in the form of sulfate. 

Targe beds of pyrites occur in Austria-Hungary at Chemnitz 
and Schmoelnitz in Hungary, in Styria and Tyrol. The former 
contains 47%-4.S% sulfur, :{0%-4()% iron, 0.58% copper, 1.5%- 

10 , 2327. Separation of pyrites from coal is de.scribed by C. Binks, E. P. 
2998, 1864. Magnetic concentration by J. Bonardi, Chem. Met. Eng. 1919, 
20 , 266; C. A. 1919, 13 , 1746. P'or the manufacture of pyrites in briquettes, 
see U. S. P. .53742, 13.5512, 2.52287, 421878, 485840, 687085, 733682, 757531, 
760561, 804690, 804691, 804692, 804785, 894464, 894799, 899219, 901.599, 
1008847, 1013614. E. P. 4.580, 1904; 1639, 1908. 
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2% zinc, together witli lead, silver (<S1 •grains per ton), and gold 
(2.2^rains per ton). Schnioelnitz ore contains 11% -18% sulfur, 
0.4'^>), 0.0% copper, 2% zinc. Pyrites containing 49% sul¬ 
fur and O'/o carbon occurs at Davidsthal, in Bohemia. 

'riic pyrites found in Switzerland In the Canton of Wallis 
contains about oO'yi sulfur, but docs not seem to have found 
industrial application. In Poland' pyrites occurs with blende, 
containing thallium. 

Belgian pyrites are rich in sulfur, but have the drawback of 
being friable. The ore is used locally, <ir in the north of^Fratice. 
'I'he percentages of sulfur vary from 115.5 to 50.0, a small amount 
of zinc being always present (0.22' [ 5.20'/)). The production is 
now very small. 

In Prance the principal deposits are those of the Rhon 
(Chessy and ,Sain-Bcl), and of the vSouth (Card and Ardeche). 
'I'he former are more important, the ore being mostly non-cupreous, 
although a vein with 4%--5';;, copper occurs. The second beds 
arc more numerous but of less importance." I'he Chessy ore 
contains IT')), 4,S';[ of sulfur; Sain Bel, about 47'/[ (non-cupreous; 
cupreous OS'/),), Saiut-Julien 41',’(;-ll',’[, and Soyons 44'7[-49%. 

Italy possesses several beds of pyrites, such as those in the 
province of Bergamo, in the Val d’,4osta, at Brosso, near Ivrea, 
and of very good quality in vSicily. .Some pyrites are imported 
from Spain.'' 

Swedish pyrites, from Fahlun, contain from 4'.i% to 4S'/) 
sulfur, and occurs in large amounts, but transportation is dilTicult. 

Norwegian pyrites form an important source, the richer ores, 
even those free from copper, being used on account of their free 
burning qualities, although they are dilTieult to break. The chief 
deposits are at Ytteroen, although other deposits occur near 
Drontheiin and Bergen. The Norwegian ore contains very little 
arsenic.'* 

Pyrites occur in Russia,*' mostly in the Ural district, but at 

1. J. Aritipow, J. Russ. Phys. Cliem. Soc. IHOd, 28, 3At; abst. Wag. 

• Jahr. 1897, 43, 421. 

2. A. Girard and H. Morin, Coinpt. rend. 1.87.5, 81, 190; Ann. Cliim. 
Phys. 1870, (.'■>), 7, 229; abst. Jahr. Chein. 1,87.'), 28, 1198. 

.3. P. Candiani, Chem. Ind. 189.5, 18, l.'id. See Drinkwalcr, .Analyst, 
18H5, 10, 109; abst. J. S. C. I. 1885, 4, 

1. J. Vogt, Zts. Elfktrochcm. 1903, 10, 8.50; Fifth Inti. Cong. Appl. 
Chem. 1904,«II, 90. See Chcin. Ind. 1911, 34, 7.55. 

5. Chem. Trade J. 1911,49, 29; 50, 71; Fng. Min. World, Oct. 14, 1911. 
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a distance from chemical industries. It roasts badly, giving 
much dust, and contains carbonaceous matter. 

The mbst important deposits of pyrites occur in Spain and 
Portugal.* The ore has been worked only since 18.5.'), although 
it was known to the Romans. All the beds occur in a narrow 
belt, running parallel to the Sierra Morena from the western 
frontier of Seville across the hilly country to the south through 
Portugal to the Atlantic Ocean. The pyrites occurs in large 
pockets, containing no visible gangue. The percentage of copper 
varies from 2.5 to 40, but ores containing more than 10% of 
copper occur only in small vertical zones in the larger masses, 
although immen.se quantities are present in the beds. The com¬ 
panies working the ore are mostly in French and British hands. 
The San Domingo mine lies in Portuguese territory; its ore, 
known as Ma.son’s ore, is of very good quality and commands a 
better price than the others. The largest company is the Rio 
Tinto Co., .supplying ore of very good quality, chiefly to British 
markets. 

The following are analyses of average Spanish and Portuguese 
ores: 


Ores 

Rio Tinto 

S. Domingo 

Tharsis 

Sulfur. 

48.00 ,50.7 

49.00 

49.9 

49.80 

47.5 

Iron. 

40.00 41..3 

43.55 

41.41 

43,.55 

41.92 

Copper. 

3.42 3.5 

3.20 

2.46 

3.20 

4.21 

Lead. 

0.82 .... 

0.93 

0.98 

0.93. 

1..52 

Zinc. 

trace .... 

0.35 

0 44 

0.35 

0.22 

Arsenic. 

0.21 .... 

0.47 

0.55 

0.47 

0.38 


Certain .Spanish ores decrepitate badly in the burners, prob¬ 
ably owing to their containing hydrated silicates. Large quan¬ 
tities of “leached ore” now come from Spain. These have been 
weathered and then washed with water to extract the copper, 
only 0.3%-0.5% being left in the ore. They contain 49%-50% 
.sulfur, but make much dust on burning. Non-cupreous pyrites 
is also found in Spain, especially at the Aguas Tefiidas mine, the 

1. F. Schiinichen, Dingl. Poly. 186.S, 167, 448. O. Lunge and K. Ban- 
ziger, Zts. ang. Chem. 1896, 9, 421; 1905, 18, 759. K. Reu5ch,tChcm. Ztg. 
1906, 30, 326. 
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uslies of wliicli art' considcrctl cspuciall}’ suitable for iroii-snicltiiiL'-. 

Ttie United Slates is very rieli in pyrites, the prineiixd mines 
at iiresent worked beiiif; the following;: New Hampshire, at the 
Milan mines, Coos County, where the ore is sorted into two 
grades. No. I heine the best, althou>;h No. 2 is of fjocKUburniiiK 
quality. 



No. 1 

No. 11 

Sulfur. 

. 4(i 0 

;r. 0 

Copper. 

. :-{.7 

o 0 

Iron. 

. h) 0 

20 , :> 

Silica. 

. 0.2 

2,“). 

Zinc. 

. 1 () 

.S,() 

Ar.sunit*. 

. nil 

nil 


In New' York, pyrites oecnrs at St. bawrenee, Hendon Conntv, 
eontainiiiK hS. sulfur. In Virginia there are the Arminius 
Copper Mines Co. and Sidfur Mines Co., both in Louisa Countv. 
The ore eontains 4(1..’)' ,' sulfur and II..')' , eo])per. V'irginia was 
the largest ])n)dueer in the United States in 101)1). I’vrites is 
found at Pyriton, Alabama; in Ceorgia, in Illinois, Indiana, 
Massaehusetts, Ohio, I'ennsylvania, Wiseonsin, and (lainesville, 
Oa.' It is stated that, ronghly s|ieaking, about half the aeid 
made in the United States is from pyrites and the balanee from 
brimstone. 

There are tw'o mines in Canada, the Albert mine and the 
Crown mine, the ore eontaining 1(1' , sulfur. Both Ameriean 
and Canadian ores are therefore of lower (juality as compared with 
I'European ore. 

Pyrites oeenrs in Newfoundland," South Australia'and North 
Borneo.' 

The value of pyrites in lingland is reekoned per “unit,” or 
per eent. of .sulfur |)er ton. This has been from 1 /-in bSbO to dd. 
in l.S,S,"), and has risen to 4(1.-4' .id. in 1011. An allowance is 
made for eo|)per above a minimum percentage. 

Pyrites is always carried in bulk, wdiether by rail or sea. A 
slj-ong acid liriuid may form if water is allowed access.'’ 

'I'he question of the proportional value of jioor and rich ores 

I. Ivktc'l, U. S. (fool. Sur\ov Bull. 2l.‘f, (12. K. Stahl, Zts. aiig. Clioin . 

IMI.'i, 6, .'■)-!. 

2r Aiioii., I'liiK. Min. J. 1.S1I2, 1(17. 

4. C. Mono, Mou. Soi. I.SIIT, 9, 111. 

4. Choni.'Ztg. 11)119, J3, ,S2. 

0 . II. Masthaiyii, Chem. Ztg. 1912, 36, .'iO; Clicin. Trade J. 50, ;i.")8. 
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is rendered difficult by the different costs of breaking and burn¬ 
ing the.ores. The percentage of sulfur left in the cinders is also 
the same in both cases, so that the available sulfur is not simply 
proportional to the percentages. 

Volumetric Analysis of Pyrites. The method of titrating a 
solution containing a sulfate, such as is obtained by dissolving 
pyrites in aqua regia, has been used.‘ The solution is neutralized 
with sodium carbonate, boiled in a porcelain dish, and an excess 
of standard 4% barium chloride solution run in. A few drops of 
phcnolphthalein are added and the excess of barium chloride 
precipitated by standard sodium carbonate solution, the end 
point being shown by the .solution turning red. A similar process 
has been proposed for the estimation of sulfur in burnt pyrites.^ 
This method, due to J. Watson, has been improved upon by G. 
Lunge’ as follows, and is said by him to give accurate results: 
3.2 gm. of the finely powdered sample are mixed with 2.00 gm. 
of sodium bicarbonate of known titer, heated in a nickel crucible 
for 10 -15 minutes with a small flame, and the heating continued 
for another 15 minutes with a strong flame. The mass should 
not be fused, the crucible should be covered, and the contents 
not stirred. The mass after cooling is transferred to a porcelain 
dish with water, adding the same volume of a neutral solution 
of sodium chloride to prevent oxide of iron passing through the 
filter. The filtered solution is titrated with standard acid and 
methyl orange. The difference between the original titer of the 
bicarbonate and this final titer .gives the amount of sulfur, 1 cc. 
N acid giving 0.5% of sulfur. The method does not apply in 
pre.sence of considerable quantities of zinc. 

The amount of magnetic pyrites present may be determined 
by grinding the ore to a fineness of 00 mesh, spreading the powder 
on a sheet of glazed paper, applying a magnet, removing mechan- 

1. R. Wildenstein, Zts. anal. Chera. 1862, 1, 4.32. E. Te^hemaehcr 
and J. Smith, Chem. News, 1871, 24, 01, 66. See also N. Glendinning and 
A. Edger, Chem. News. 1871, 24, 140. C. and J. Beringcr, Chem. News, 
1889, 59, 41. H. Wilsing, Chem. Ind. 1886, 9, 25. L. Andrews, Amcr. 
Chem. J. 1889, U, .567; abst. Chem. Ztg. Rep. 1889, U, 39. M. Reuter, 
Chem. Ztg. 1898, 3.57. E. Marboutin and M. Moulinic, Bull. Soc. Chim. 
1897, 17, 9.50; abst. Chem. Centr. 1898, 69, 1, 218. 

2. J. Watson, J. S. C. I. 1888, 7, 305. 

3. G. Lunge, Zts. ang. Chem. 1892, 5, 447. "Technical Methods of 
Chem. Analysis,” 1, i, 298. C. Nitchie, J. Ind. Eng. Chem. 1912, 4, 30. 
J, Peregrin, Ann. Chim. Analyt. 1917, 22, 26; abst. J S. C. I. 1917, 36, 335, 
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ically adhering pyrites by gentle tapping, and brushing off the 
magnetic pyrites after putting on the keej^er of the magnet.* 

Fdr the estimation of copper, etc., in pyrites, reference may 
be made to a paper by J. Westmoreland.- 

Gravimetric Analysis of Pyrites. In the gravimetric analysis 
of pyrites the following determinations may be made: 

Sampling. Carload lots are sampled by taking */i shovelful 
from every wheelbarrow load (11) shovels to a barrow), A'hich 
gives about a barrowful per carload. This is well mixed, and a 
sample of about .5-() lbs. taken for the moisture. The remainder 
is quartered about five times to about oO lbs. in the car, and is 
then sent to the laboratory. It is there quartered to about a 
32 oz. bottle full. This is ground to pass 20 mesh, and quar¬ 
tered: ground to pass 40 mesh and (inartered; ground to pass 80 
mesh and quartered; ground to pass 100 mesh and quartered; 
ground to pass 200 mesh. The final sample at this point should 
be about 100 gm. 

Moisture. The 5 (i lbs. sample from the first quartering in 
the car is weighed in a bottle on a large sc'ale, emptied into a 
large tray, dried overnight at 100° in an electric bath, transferred 
to the bottle and reweighed, the loss being moisture. The 
moisture is also determined on the 200 mesh sample and the 
following results corrected for the moisture in the original sample. 

Insoluble matter. yVbout t).5 gm. is accurately weighed into a 
3" porcelain dish, carefully treated with 20 cc. nitric acid (1; 1), 
covered with a watch glass and heated on a hot plate with the 
addition of a few crystals of KCl():t until all sulfur is oxidized. 
If necessary, more nitric acid may be added. The solution is 
then twice evaporated to dryness with IICl, using 10 cc. each 

1. li. Cone, J. A. C. ,8. 18, 401. 

2. J. S. C. 1. 1886, 5, .')1, 277. See also N. Tarugi and C. Bianclii, 

Chem. Centr. 1900, 77, II, 70S. W. I.ang and T. Allen, J. C. S. 1907, 91, 
1370. U. Horgi and T. .Sotgia, C. A. 1910, 10, 1308. .See also Y, Nikaido. 
J. A. C. S. 1002, 2i, 774. M. Riegler, Zts. anal. Chem. 1902, 41, 17. 
M. Mohnhaupt, Chem. Ztg. 1904, 28, 112.n. C, Blacher and V. Koerber, 
Chem. Ztg. 1905, 29, 722. K. Martin, Mon. Sei. 1914, 80, 80. J. Gross¬ 
man, Chem, News, 1880, 41, 114, 183. h'. Telle, Chem. Cciitr. 1898, 69, 

I, 218. M. ,Scholtz. Arch. Pharm. 190.'), 243, 007. W. Midler, Ber. 1902, 
35, 1587. W. Midler and K. Diirkes, Zts. anal. Chem. 1903, 42, 477. F. 
Raschig, Zts. ang. Chem. 1903, 16, 017, 818; 1900, 19, 332. G. Knorre, 
Chem. Ind. 1905, 28, 2.- C. Friedheim and O. Nydcgger, Zts. ang. Chem. 
1907, 20, 9. J, Nickel, Zts. ang. Chem. 1910, 23, 1.500. A. Zehetmayr, 
Zts. ang. Chem. 1910, 23, 1359. V. Hassreidler and P. Van Zuylen, Chem. 
Centr. 1905, 76,8, 1433. 
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time, ill order to remove the HN():i and remlcr the silica insol¬ 
uble. The residue is then moistened with cone. HCl, 20 ce. dO ec. 
water added, and the mass well stirred and filtered. I'he residue 
on the filter is washed until neutral, dried, ignited and weighed. 
It should be almost colorless and show no trtiee of red color due 
to iron. 

Iron. The filtrate and washings from above are heated to 
boiling, a slight excess of ammonium hydroxide added, and the 
whole kept near the boiling point for 10 minutes. After allowing 
to stand in a wann place for some time, the precipitated ferric 
hydroxide is filtered, washed with the minimum amount of boil¬ 
ing water until sulfates are removed. The filtrate and washings 
may be used for the determination of sulfur, 'fhe precipitate is 
dissolved on the. lilter with a small (juautity of hot, dilute. MCI, 
well washed, and the solution and washings heated nearly to 
boiling. vSlight excess of ammonium hydroxide is then added, 
and the, iron re-precipitated and treated as before, 'fhe filtrate 
and washings from this second operation are made slightly acid 
w’ith HCl, heated to boiling, and IDcc. of 10'i BaCb slowly added. 
If any appreciable precipitate is obtained, it is filtered, washed 
and ignited with the main HaS<).i precipitate subsequently ob¬ 
tained. The ferric hydroxide is wa.shed, dried and ignited, and 
the percentage of iron calculated in the usual manner. 

Copj^er. About 5 gm. finely ground pyrites are weighed into 
a large porcelain dish, and treated with cone. UNO,,. After heat¬ 
ing some time, cone. HCl is added, and the solution finally evap¬ 
orated to dryness with e.xcess of sulfuric acid to convert the bases 
into sulfates. Heating is continued until sulfuric acid fumes are 
'freely evolved, in order to insure the removal of all nitric acid. 
The residue is then lixiviated with warm water, and the insoluble 
matter removed by filtration. The filtrate is heated to boiling, 
and the copper precipitated with A'/NaavSaO.i solution. The pre¬ 
cipitate is filtered, washed w'ith hot water, dried and ignited. 
The resulting copper oxide is then dissolved in nitric acid, and 
after the major portion of the free acid has been removed by 
evaporation, sodium carbonate is added to precipitate part of 
the copper and ensure that the solution is free from mineral acid. 
Acetic acid is then added until a clear solution is formed, and about 
10 parts K1 for every part of copper supposed to be present in 
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the solution. Tlie solution is then titrated with A'/NajS-th in 
the usual way, 1 cc. thiosulfate solution being e((uivalent to 
O.OOfi.'i.")? gni. Cii. 

Sulfur. About O..") gm. of the fine sample is treated with 
10 ee. (A a mixture of .'i vols. nitric acid (sp. gr. 1.4) and I vol. 
fuming hydrochloric acid, both acids being free from sulfuric 
acid. As action diminishes, warm gently, care being taken to 
avoid spurting. The digestion may be carried out in a casserole 
covered with a watch-glass. If free sulfur separates, a little 
|)otassium chlorate may be added as an oxidizer. 'I'lie liquid is 
evaporated to dryness on a steam Irath, cc. cone. HCf added, 
and the evaporation repeated, after which no odor of nitric acid 
should be noticeable. 1 cc. cone. IICI and IIKI cc. hot water 
are then added. 

The insoluble residue may consist of barium, calcium and 
lead sulfates, silica, etc., the sulfur content of which is unavailable 
for the manufacture of sulfuric acid and may be di..regarded. 
If the total sulfur in the pyrites is to be estimated the residue 
should be fused, otherwise it may be disregarded and the filtra¬ 
tion omitted, d'he volume of the solution being abotit l.')ll KiO 
cc. it is heated to 70° and ammonium hydroxide (sp. gr. 0.00) 
added in excess (.7 cc.). The temperature is maintained at 70° 
for 10 minutes, and the precipitate of ferric hydroxide filtered 
olT and washed thoroughly with hot water. The precipitate may 
be rc-dis.solved in a small iiuantity of hydrochloric acid and re¬ 
precipitated. 

The volume of the filtrate and washings being about ISOO 
0.70 cc. a few drops of methyl orange arc added and then fuming 
hydrochloric acid (sp. gr. 1.2(1) in 1 cc. excess. 'Hie solution is 
heated to boiling and a hot solution of 10'(( barium chloride added 
in small portions at a time with constant stirring until no further 
precipitation occurs. Abotit 21) cc. should be more than sufficient 
for ()..') gm. of the sample, and excess should be avoided.' The 
liquid is boiled for a few minutes after precipitation, and is allowed 
*to stand forty minutes to settle. 'I'he clear liquid is decanted 
through a filter, and 100 cc. boiling water poured on the pre¬ 
cipitate in the beaker, with stirring. After settling for two or 

1. For minute details for the iireeipitatioii of sulfuric acid by barium 
chloride, see If. Worden and J. Motion, J. S. C. I. liKI.'), 24, 17.S. 



1054 


TKCHNOI.OGV OF CEW.UI,OSI? ESTERS 


three minutes the decantation is repeated. IThis washing by 
decantation is repeated three or four times, and the precipitate 
then washed on the filter until free from chlorides, when it is 
dried and ignited. The precipitate and paper may be burned 
together or separately. In the fonner case strong ignition in an 
inclined crucible is necessary to oxidize any BaS to BaSOt. The 
precipitate should be quite white and should not firmly cake 
together. 

Constants for calculation: 

BaSOj. Molecular weight.... 2.3.4.40 log 2.30822 

y. Atomic weight. .32.00 log l .SO.SOO 

To convert BaSO) to S, add. log 9.1.3707. 

The above directions for quantities of reagents must be fol¬ 
lowed exactly. All reagents must be free from sulfuric acid or 
sulfates. 

In the determination of arsenic the following method may be 
used: 10 gm. of the fine sample are dissolved in a large beaker 
with nitric acid (sp. gr. 1.2) and transferred to a porcelain or 
platinum dish. 50 cc. sulfuric acid added, atid the liquid 
evaporated until copious fumes of sulfuric acid arc given off. 
The dish is cooled and 50 cc. water added, the evaporation being 
repeated until the excess of sulfuric acid is driven off and the 
ferric sulfate is so dry that it is readily transferred to a flask of 
about 500 cc. capacity. Add to the mass in the flask 15 gm. 
finely powdered ferrous sulfate, pour in 50 cc. strong hydrochloric 
acid and connect to a flask. 

Heat the liquid gradually in thg flask until it boils and con¬ 
tinue the distillation, the arsenic acid in solution being reduced 
by the FeS 04 and in presence of the HCl is distilled off as arsenous 
chloride. Remove the burner and heat the solution in the beaker 
to about 70°, passing a current of HjS through it until it. is com¬ 
pletely saturated. Remove the excess of HjS by a current of 
carbon dioxide and when the solntion smells but faintly of HsS, 
filter off the yellow precipitate of AsjSj in a Gooch crucible or 
counterpoised filter, wash with water, alcohol and finally with 
pure carbon disulfide. Dry at 100° and weigh as AS 2 S 3 , which 
contains 60.93% As. The precipitate on the Gooch may also 
be dissolved in fuming nitric acid, filtered, evaporated to about 
10 cc. and 5 cc. magnesia mixture added. Ammonia is then 
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added equal to half the volume of the solution, which is stirred 
vigorously from time to time, the liquid being kept cool in*ice- 
water. It is allowed to stand for 12 hours, filtered, washed'with 
NH 4 N ()3 solution, dried at 105° for 50 minutes, ignited strongly 
for a few minutes and weighed as magnesium arsenate containing 
(iS.50% As. 

Numerous special methods have been proposed for the gravi¬ 
metric analysis of pyrites. K. Zulkow'ski' burns the ore in a 
current of oxygen in a tube of hard-glass, quartz- or clear silica,■' 
in a boat followed by a pad of platinized asbestos or platinized 
quartz."' The vapors of vSOo and vStb arc absorbetl in bulbs con¬ 
taining caustic potash and bromine, or dry carbonate, afterwards 
treated with bromine. The sulfuric acid is determined as usual 
by ])recipitation, or by the method of F. Raschig'’ by precipitation 
w'ith benzidine and titration of the precipitate with caustic soda 
and phenolphathalein. Another method" consists in heating the 
pyrites with iron or aluminiutn powder, and decomposing the 
sulfides with hydrochloric acid, the HjS being absorbed in standard 
iodine solution. 

Other consituents which may be estimated in pyrites are cal¬ 
cium carbonate (which retains 0.52'/( vS for every per cent. CaCOa, 
in the form of CaS 04 on burning),’ calcium sulfate, which gives 
off no sulfur on burning, lead,* zinc," and copper,"’ which form 

1. Her. (lest. Clu-ni. Gus. 18.SI, 2; abst. Wag. Jalir. 1881, 27, KiO. K. 
LuiKlin, Jcni-Kcmtorelz-Aniialer, .'KiO; alist. Jahr. Clicm. 1884, 37, !.')82. 

2. A. Hc-czko. Zts. anal. Clicin. 1911, SO, 7-18; 1912, 51, 1. P. Jaii- 
nascli, J. prakt. Cheni. 1889, 148, 2.'{T. 

.'J. M. Dittrich, Zts. aiiorg. Clicni. 1915, 83, 27; ah.st. C. A. 191.5, 7, 

5721). 

4. M. Dennstedt and F, Hassicr, Zts. ang. Clieni. 190(1, 19, lOOS,' G. 
I.ungc, Zts. ang. Chcni. 1900, 19, 1804. 

.5. Sec A. Heezko, Zts. anal. Cliem. 1912, 51, 1; abst. J. S. C. I. 1912, 
31, 227. 

0. M. Groegcr, Dingl. Poly. 1.881, 241, .W; ab.st. Wag, Jahr. 1881, 27, 
101. I'\ Treadwell, Her. 1891, 24, 1957, 2577. S. liliasberg, Zts. anal. Cliein. 

1887, 26, 240. C. von Hohorst, Chimiste, 2, 97; abst. C. A. 1911, 5, 20.51. 

7. G. IvUnge and C. Keane. Teeh. Methods Chein, Analysis, 1, 149. 
G. Lunge and A. Kittener, Zts. ang. Clicm. 1906, 19, 18-19. 

8. H. Koch, Chem. Ztg. 1908, 32, ,'j87. 

9. G, Lunge and C. Keane, “Technical Methods of Chemical Analysis,” 
1, 272. See also K, Giolitti and M. Marantonio, Ras.segiia Min. Met. Chim, 
11)11, 3,5; abst. Chem. Zentr. 1912, 83, I, 12.50; J. S. C. 1. 1912, 31, 395. F. 
Hawley, F,ng. Min. J. 191,8, 105, 385; ab.st, C. A. 1919, 13, 403. H, Rubri- 
cius, Chem. Ztg. 1015, 39, 198. Z. Karaoglanow and P. and M. Dimitrow, 
Zts. anal. Shem. 1917, 56, 561. 
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stable sulfates on roasting, arsenic,' selenium,- silica, which in 
the form o^ zeolites causes decrepitation on burning,'* and carlDon."* 
The estimation of sulfur in zinc blende'* may be made by" 
dissolving the powdered Ivlende in a mixture of hydrochloric acid 
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1. G. LuiiKC and C. Kean, Tech. Methods of Cheiii. Analysis, 1, N. 
Blattner and J. Brasseiir, Bull. Soc. Chiin. 1K97, 17, 700. S. Parr, J. A. 
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Chcin. J. 1887, 9, 10. W. Vilstrup, Cheni. Ztg. 1910, 34, 4.50; ah.sl. J, C. vS. 
1910, 98, ii. 4.58. 

2. P. Klason and H. Mellqni.st, Ark. Kem. 1911, 4, 1; ahst. Zts. ang. 
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5. G. Lunge anti C. Keane, Technical Methods of Chemical Analysis, 

I, 149. F. K.x?lsch, Chem. Ztg. 1910. 40, 174. 

0. L and G. Campedon, vStahl ii. Kisen, 1905, 542. For other methods 
for the determination of sulfur in pyrites, etc., .see: P. Jannasch, Zts. anorg. 
Chem. 1894, 6, 404; abst. Chem. Centr. 1894, 65, 11, 109. P. Jannasch and 
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and l)r()inine, hoilinj;' olT tlie excess ()f acid and preeipilatinj; with 
baritim chloride. 

Sulfur Dioxide.' The* sources from which sulhir dioxide 
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used in the manufacture of sulfuric acid are obtained, are chiefly 
the follov^ing: 

(1) Iron pyrites, usually containing copper. 

(2) Native sulfur, or brimstone, chiefly ilscd in the manufac¬ 
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(3) Zinc blende, copper mattes, and other sulfide ores 
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The major portion of the acid produced is probably made 

and W. Wilson, Zts. anorg. Chem. 190.'J, 35, 11; abst. Jahr. Cliein. 190.3 
55, 339. H. Debus, J. C. .S. 1888, 53, .347; Jahr. Chem. 1888, 41, 487. J- 
Dcchant, Monatsh. Chem. 1884, 5, 61.3; Jahr. Chem. 1884, 37, 28.3. P- 
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from pyrites, although the use of brimstone is rapidly increasing, 
especially in the United States. The acid made from blende or 
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by the roasting of siilfule ores or mattes is really a by-product 
of metallurgical industry, and increasing in importance. The use 
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Chem. 1878, 26, 208, 200. A. Menko, Chem. News, 1870, 39, 10; Jahr. Chem. 
1870. 32, 200. D. Meiidelejeff, W. Hemilian and Jv Hogusky, Her. 1870, 
11, 1812; Jahr. Chem. 1870.*29, 80; Chem. Centr. 1870, 47, 721. J. Meyer, 
Ber. 1901, 34, 8000; Chem. Centr. 1001, 72, II, 1828; Chem. Centr. 1008, 
74, II, 480. 1. Meyer, Ber. 1887, 20, 8058; Jahr. Chem. 1887, 40, 18. O. 
Meyer, Fogg. Ann. 1871, 143, 14; Jahr. Chem. 1871, 24, 45. O. Meyer and 
F. Springniuehl, Fogg. Ann. 1878, 148, 520. A. Miohaelis, Jenaische Zts. 
f. Mediz u. Natiirw'. i87l. 7, 110; Jahr. Chem. 1871, 24, 247. A. Michaelis 
and. G. Koethe, Ber. 1808. 6, 000. J. Mitchell, Ann, 18-11, 37, 850. H. 
Moissan, Ann. Chtin. Phys. 1801, (0). 24, 224; Jahr. Chem. 1801,44,400. 
Traite ^de Chiniie Minerale 1004, I, 5(50. Compt. rend. 1002, 135, 047; 
Chem. Centr. 1002, 55, 11. 1854. A. Morreii, Compt. rend. 1800, 69, 807, 
800. Cosmos, 1870, 6, 718. F. Mueller, Wied. Ann. Fhys. 188.4, 18, 04; 
Jahr. Chem. 188^1, 36, 18. M. Muir, Mon. vSei. 1882, 24, 78.8; Jahr. Chem. 
1882, 35, 1801. Iv. Mnlder, Seheik. Verb, en Onderz. 2, I. 70; Jahr. Chem. 
1858, 11, J. Muspratt, Chemist, 1810. I. 112; Ann. 1844, 50, 250; 1847, 
64, 440. A. Nadesclidin, Ivxner Rep. Fhys. 1881, 20, I II; ahst. Jahr. Chem. 
1885, 38, 181. F. Favre, Ann. Chim. Fhys. 1858, 37, (8), 4(55; 1874, i5), 1, 
244; Jahr. Chem. 1874. 27, 111. R. Nasini, Ber. 1882, 15, 2888. O. Neu¬ 
mann, Ber. 1887, 20, 158-1. A. v. Obermayer, Wien. Acad. Ber. 1870, 73, 
2; AI)t. 4.88; Jahr.' Chem. 1.87(5, 29, 42. K. Ochs. Zls. physik. Chem. 1800, 
19, 188; abst- Jahr. Chem. 180(5, 49, 124. A. Opi)enheirn. Bull. Soc. Chim. 
1804, (2), 1,108. W. Ostwald, J. prakt. Client. 18.85,140,814. S. Fagliaiii, 
Ber. 187«8, 11, 155. S. Fagliani and A. Batelli, Jahr, Chem. 1880, 39, 118. 
K. Parnell, D. R. F. 1.851, 1877; abst. Chem. Ind. 1878. 1, 10(5. Iv. Farnell 
and J. Simpson, U. F. 11711, 1880. K. Fechard, Compt. rend. 1000, 130, 
1188; Chem. Centr. 1000, 71, I, 1108. J. Pelouze, Ann. Chim. Fhvs. 18.85, 
60, 102. Dilller^: Co., I). R. F. ,80814; abst. Wag. Jahr. 18.85. 41, 200. 
K. Fcrman, J. C. S. 1805, 67, 807. F. Feterstm, Zls. physik. Chem. 1801, 
8, 000. J. Pierre, Ann. Chim. Fhys. 1848, (8), 23, 410; jahr. Chem. 1847, 
1848, 1, 808. Ann. Chim. Fhys. 1848, 21, .8.8(5; 23, 41(5. Compt. rend. 
1872, 74, .52; Jahr. Chem. 1872, 25, 178. Compt. rend. 1878. 76, 214. P. 
Fierron, Bull. vSoc. Chim. 1800, (8). 21, 177; Chem. Centr 1800, 70, II, 87. 
R. Pictet, I). R. P. 22.805, 1882. T. Filter, Chem. Ind. 1878. 1, .808; Jahr. 
Chem. 1878, 31, 1124. H. Frinz, Ann. 1.S84 . 223, .8.55; Jahr. Chem. ISSl, 
37, 84.5. F. Raschig, Ber. 1887, 20, .581r MAS, (525-I<; Ann. 1887, 241, 101; 
Dingl. Poly. 1887. 266, 270; Jahr. Chem. 18S7, 40, 270; Zts. ang. Chem. 
HM)4, 17, 1808; Chem. Centr. 1004, 65, II, 1482. Zts. ang. Chem. 1005, 
L802. C. Ranimelsbtrg, Fogg. Ann. 1810,. 67, 245. C. Reese, Ber. 1884, 
17, 588-R. V. Regnault, Mem. de Acad, des vSei. 1808, 26, 520; Jahr. Chem. 
\Sihi, 16, 70. A. Reychler, Bull. Soc. Chim. 180.8, (.8), 9, 804; Jahr. Chem. 
1808, 46, 10. H. Risler-Beunat, Fogg. Ann. 1802, 116, 470; Jaftr. Chem. 
18(52, 15, (50. H. Ritter, Chem. Centr. 1800, 31, 7-11; Jahr. Chcni. 1800, 
13, 7-10. A. Rochrig, J. prakt. Chem. 1888,145, 217; Her. 1888, 21, R. 800. 
H. Roozeboom. Rec. Trav. Chim. Fays-Bas, 1884, 2, 08; 1885, 3, 20, .80, 
.50. 7.8, 1880. 4, (55; Ber. 188.8, 16, 18.57; 1884, 17, 220; Jahr. Chem. 188.8, 

36, 100; 1884, 37, 814, 810; 188.5, 38, 210. A. Rosenheim and E. Sasserath. 
Zts. anorg. Chem. 1800, 21, 124. E. Russell and J. Smith, Free. Chem. 
Srx\ 1900, 16, 41; J. C. S. 19(K). 77, 840; abst. Chem. Centr. 1<)(M). 71, I, 
049. E. Rotondi, Ber. 1882, IS, 1441; Jahr. Chem. 1882, 35, 272. W. 
vSajotschewsky, Wied. Ann. 1879, 3, 741; Jahr. Chem. 1879, 32, (55. A. 
Sclieurcr-Kestncr, Compt. rend. 1875, 80, 1280. Compl. rend. 1892, '*114, 
200; Chem. Centr. 1802, 63, I, 478. H. vSchilT, Ann. 18.57, 102, 111; 1801, 



SULFURIC ACII> 


lOlU 


of spcnl-oxule is confineil to })lauts in the vicinity of \v(>rks, 
especially in metropolitan distriels, while the recovery of sulfur 

117, *12; Jahr. Chcni. 1857, 10, lUA; 18(11, 14, 11!). H, ScliluiuK, J. 1‘liys. 
Chcni, 1!M)1, 5, 502; ahst. Jalir. Chcin. lOoi, 54, 81. \V, vScliniid, Zts. Clifin, 

1808, 11, 50. C. Slion!>c“iii, J. ])rakl. Clu-ni 1852, 61, 102; Jalir. Cluan. 
1852, 6, 212. F. Sciiolt, Dingl. Poly. J. 1871, 202, 52. H. Schulze, J. |jrakt. 
Clicm. 1881, 132, 108, 172;Jalir. Chciii. 1881, 34, 171. 172. J. prakt. Chcni. 
1880. 129, 407; Jalii. Clicin. 1880, 33, 222. O. vSehumann, Wied. Ann. 1880, 
27, !(i, Jahr. Chcin. 1880, 39, 05. P. vSehvveilzer, Chcni. News, 1871, 23, 
202; Anier. Chemist. 1871, (2), 1, 200; Hull. Soc. Cliiin. 1871. (2), 16, 7(); 
Jahr. Chem. 1871, 24, 211. Iv Selnioiis, Chem. Ceiitr. 1887. 58, 502; Jahr. 
Chem. 1887, 58, 27; Her. 1888, 21, 220. I'. Sestini, Pull. Soe. Chiin. 18()8, 

10, 220; Jahr. Chem. 1808, 21, 152. T. Sims, Atm, 1801, 118, 215, 222; 

Jahr. Chem. 1801, 14, 52. J. C. S. 1801, 14, 1. A. Sinitii, Per. 1874, 6, 
70. W. vSmitli and W. Hart, J. S. C. I. 1880, 5, 012; Jahr. Chem. *1880, 39, 
2054. See also, A, Kaysei. A. VouiiK and J. Williams, Iv. P. 7255, 1885. 
S])enee & Sous, I). K. P. 111-152, W. Spring. Pull. Ac:id. Pelg. 1878, (2), 
45, 5; Jahr, Chem. 1878, 31, 200. J. Stas. Jahr. Chem. 1807, 20, 150. 

“I'ntersuehungrn tiher die (iesetze der Cheiniselien Prop.," laaitzig. 1807, 

05; [ahr. Chem. 1807. 20, 150. J. vSliugl and T. Moraw.ski, J. prakt. Chern. 
1870, 128, 70; Per. 1870, 12, 2018. F, StolOa, I, itrakt. Chem. 1800, 99, 
54; ah-sl. Jahr. Chem. 1800, 19, 122. T. Terell, K. P. 1020, 1884. J. Thom 

sen, "'rherm. Unlersueliungeu," 2, 21/. Per. 1872, 5, 172, 1010; 1872, 6, 

712, 1 128; 1880, 13, 050; Pogg. Ann. ITiVs. 1874, 151, 104, altst. tahr, Chem. 
1872, 25, 134; 1872. 26, 08. M. TrauOe. Jier. 1885, 18, 1801. J. Tyndall, 
Chem. News, 1808, 18, 200; Jahr. Chem. 1808, 21, 108. J. Uhl, Per. 1800, 
23, 2152. C. \ alson. Compt. rend. 1870, 70, 1042; Jahr. Chem. 1870, 23, 
42. J. Van der Waals, Per. 1805, 28, 500; Jahr. Chem. 1805, 48, 88. A. 
Verneuil, Pull. Soe. Cliim. 1804, (21. 11, 120; Compt. leml. 1804, 118, 105; 
Chem. Cenlr. 1801, 65, t, 407. H. \'ernon, t'hem. News. 1801, 64, 54, 
Jahr. Chem. 180], 44, 18(t. P. \'illard. Ann. Chiin. Phy.s. 1807, (7), 11, 
280; Chem. Cenlr. 1807. 68, II, 242, 402; Compt .rend. 1804, 119, 270; Jahr. 
Chem. 1807, 50, 22, HI. 1100. A. Vogel, J. prakt. Chem. 1840, 19, 204; 
J. Pharm. 1840. 26, 452. J. Volliard, Ann. 1887, 242, 02; Per. 1887. 20, 
R-802, 802; Jahr. Chem. 1887,40, 2400. (L Waeh. Sehw’. J. 1827,50,20. 

11. Wackenroder. Chem. Cenlr. 1840, 17, 015. P. Walden, Per, 1800, 32, 
2802. P. Walden and M. Centnerszwer, Zts. physik. Chem. 1002, 42, 422; 
Pnll. Acad. St. Peterslnirg, (5), 15, 17; Chem Centr. 1002, 73, I, 242; 1002, 
74, I, 278. (L Walker, Proc. Roy, Soc. 1002, 72, 24; Jahr. Chem. 1002, 
56, 00. J. Warner, Chem. News, 1872. 28, 12; Jahr, Chem. 1872, 26, 205. 
R. Weber, Pogg. Ann. 1800, 127, 512; 1807, 130, 277. F7 Wiedemann, Ann. 
1882, 240: Juhr. Chem. 1882, 35, 72. C. Wilson, J. C. S. 1848, 1, 222; Jalir. 
Chem. 18-17 18-18, 1, 227. II. Wisliceiius, Tharand Ftrstl. Jahr. 48, 172, 
Jahr. Chem. 1808, 51, 207. A. Witz, Compt. ren<i. 1881, 92, 405; Jahr 
Chem. 1881, 34, 1080. Comi>l. rend. 1885, 100, 1258; Per. 1885, 18, 405 
F. Wohler, Ann. bS-ll, 39, 252. II. Yardley, Chem. News, 1885, 52, 220;- 
Jahr. Chem. 1885, 38, 1048. U. Zinno, N. Rep. Pharm. 1871, 20, 440; Jahr. 
Chem. 1871, 24, 215. 

For the manufacture of sulfur tlio.vide and sulfurous acid, the follow¬ 
ing Knglish patents may be consulted; 2107, 1801; 112, 108-4, 2275, 2505, 
• 1802; Oil, 007, 1770, 2202, 20-14, 1802; 580, 1545. 1804; 720, 1285, 2UM>. 

2250, 2525, 1805; 121, 1048, 2502, 2117, 2-401, 1800; 1040, 1807; 270 1457, 

2000, 2101, 1808; 400, 1575, 2750, 275(3, 1800; 510, 2822, 2800, 1870; 70. 
752, 972, 1020, 1022, 1028, 2281. 1871; 145, 704. 15-10, 2404. 1872; 2700, 
1872; 2708, 2884, 2087, 4152, 1874 ; 081, 2400, 2481, 2727, 2278, 1875; 15. 
1102, 1772. 1782. 2285, 2727, 2050, 2004, 2502, 4048, 4024, 1870; 820, 2842, 

2082, 1877; ^15, 250, 1121, 1281, 2880, 45-10, 4755, 5150, 1878; 180, 805, 
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from alkali-waste and its reconversion into sulfuric acid forms 
an integral part of the Leolanc alkali industry, and may be ex¬ 
pected to d«clinc with the latter, although the possibility of pro¬ 
ducing sodium sulfide directly from the sulfate by heating with 
carbon, and the direct decomposition of the siflfidc with carbon 
dioxide has recently been investigated. 

Sulfur dioxide is produced from all the above materials by 
roasting them at a more or less elevated temperature in a current 
of air, except in the case of alkali-waste, which must first be 
treated for recovery of sulfur by the Chance-Claus process (p. 1030). 
The combustion of brimstone, spent-oxide and pyrites, evolves 
sufficient heat to be self-supporting, but in the roasting of blende 
or mattes, additional heat must be supplied in special furnaces. 

Proposals to utilize blast furnace gas from copper smelting 
have been made.' 

Sulfur Burners. The chief difficulty in buniing brimstone 

98.3, 3196, 3774, 4364, 1879; H.IG, 2784, 1880; 1893, 2080, 2.57.5, 3443, 3.560. 
4218, 48.57, 1881; 120, 9.5.5, 1014, 1494, 1605, 1913, 3186, 3608, 3714, ,5412, 
1882; 1.349, 2621, 372.5, 43:56, 5070, .59.58, .59.59, ,5960, 1883; 603, .59,30, 0982. 
7977, 9761, 116.5.5, 11860, 1304.5, 1.5,393, 17106, 1884; 3049, 3761, 6405, 6626, 
73.55, 88.38, 8912, 1117,8, 12261, 1.39.50, 14.364, 14780, 1,5988, 18a5; 872, .5016, 
5681, 6370, 7355, 7.361, 10000, 1.3928, 14711, 1487.5, 15488, 1886; 3704, 8141, 
10127, 101.53, 10818, 109.57, 14345-A, 17050, 1887; 1393, 2426, 3166, 4648, 
.5212, 1.506.3, 15676, 15980, 1.S88; 4602, 6968, 12028, 1889; 13240, 1.5806, 
21217, 1890 ; 2000, 4712, .53.57, 7362, 9947, 9948, 16647, 199.53, 1891; 2261, 
2029, 6,567, 14264, 19789, 20209, 1892 ; 2119, 2883, 3111, 4342, ,5.349, 9042, 
11807, 20604, 1893 ; 2,373, 4195, 1894; 199, 1322, 8374, 22037, 22038, 220:19, 
1895; 3906, 5181, 6096, 8064, 8072, 12643, 13844, 16312, 251.33, 1896; .379.5, 
83.35, 11151, 24121, 1897; 142, 7269, 116.33, 1.5947, 1.5948, 17266, 1898; 4966; 
7357, 812.3, 24731, 24748, 1899; 817, 1216, 10317, 11687, 15134, 16253, 1900, 
2368, 3.327, 772.5, 8088, 10351, 12:149, 13302, 15250, 17.580, 19902, 20077, 
20566, 21546, 1901; 4892, 7119, 1902; 17.5.5, 11549, 13454, 1903 ; 2055, 6898; 
11437, 163.53, 1904 ; 2861, 11300, 11986, l'4409, 16931, 19839, 24238, 2.5371, 
1905; 3994, 16912, 19i:i0, 21672, 22166, 24826, 25,574, 1906 ; 974, 2789, 3435, 
122J3, 1712.5, 19973, 2.3901, 26052, 27017, 27019, 27020, 1907; 273, 701, 
]a39, 1695, 1761, 2414, 2971, 7429, 12317, 14707, 21759, 211497, 2.5535, 261.52, 
1908; 9145, 13081, 13291, 19776, 20494, 20.504, 22672, 1909 ; 8006, 9869, 
12137, 121.38, 20048, 20186, 21214, 28126, 1910; 171.57, 21996, 27451, 1911; 
2140, 8218, 10810, 12027, 19600, 26999, 1912; 103689, 106585, 107589, 108688. 

1. W. Freeland and C. Renwick, Eng. Min. J. 89, 1116; abst. C. A. 
1910, 4, 1897. British Dyes, Ltd., K. P. 131512, 132661, 1918; abst. J. S. 
C. I. 1919, 38, 764-A, 817-A. Australian P. 12474, 1914. F. v. Schlippen- 
bach, D. R. P. 22,5421, 1909; abst. C. A. 1911, 5, 1171. M. Kaltenbach, 
E. P. 107589, 1917; abst. J. vS. C. I. 1918, 37, 301-A. L. Nonnet, E. P. 26999, 
1912; abst. J. S. C. I. 1913, 32, 977; F. P. 4.50804, 1912; abst. J. S. C. I. 1913, 
U, 602. P. Smith, Mineral Re.sources of the U. S. 1916, Part II, 403; abst. 
C. A. 1918, 12, 603. J. Wise, Mining. Eng. World, 1916, 44, 823; Mining 
Sci. Press, 1916, 112, 827; abst. C. A. 1916, 10, 1913. M. Hascncicvcr, Eng. 
Min. J. 93, 175; abst. C. A. 1912, 6, 1212. .See also F. P. .352254, 1905; 
abst. Chem. Zts. 1905, 4, 376; Mon. Sci. 1906, 65, 103. F. P. 379565, 1907. 
Anon., Chem. Ind. 1910, 33, 753; abst. C. A. 1911, 5, 1168. 
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is that the material becomes liquid, a'tid special furnaces are re- 
qufred in order to retain the liquid and ensure that it is con¬ 
stantly brought in contact with a sufficient supply of air. If the 
supply of air is deficient, sublimation of sulfur occurs. 

Sulfur burners for acid works arc mainly of two kinds: (1) 
hand operated, (2) mechanical. The burners used in most Brit¬ 
ish oleum works are hand operated, since the labor is exceedingly 
light, and may be carried out with a minimum number of oper¬ 
atives. In the United States the mechanical burner is favored. 

In the hand operated burner the solid sulfur is thrown on 
a .shelf in the furnace, where it melts and burns. The hot gases 
pass back underneath the shelf in order to conserx^e its heat. 
The layer of melted sulfur is shallow, and an adequate supply of 
air is ensured to prevent sublimation. 

A large number of special types of sulfur burners have been 
described, but few appear to have been in practical use, the 
simple burner just described being commonly employed.^ Among 
the suggestions which have been put forward are mechanical 

1. II. Blunu-nbciK, U. S. P. 7:11.397, 7.38512; abst. J. S. C. I. 190.3, 22, 
9.50. C. BraekolsberK, V,. P. 27451, 1911. b. Broebon, K. P. 3.5.5252; abst. 

J. vS. C. I. 1905, 24, 1171. C. Clark, M. 8. P. 95209.S, 9.52099, 9.52100; abst. 
C. A. 1910, 4, 1.527. F. Coombs, U. .S. P. 1117.37(), 1915; abst. J. S. C.-T. 
1915, 34, 901. A. Kahrncr, D. K. P. 18370.3; abst. Chem. Zciitr. 1907, 78, 
11, 0,52. W. lAld, IC. P. 21990, 1911; abst. C. A. 191.3, 7, 1084. D. R. P. 
202320, 1911; abst. C. A. 1913, 7, 3040. G. Forlier, lb ,S. P. 1044309. C. 
Getchcll, U. S. P. .37807.3, 1888. H. Glover, F. P. 3774, 1879. P. Grimm, 
U, S. P. 924980, 957118; abst. C. A. 1910, 4, 23.57. M. Hanahati, U. S. P. 
12.5.3238; abst. C. A. 1918, 12, 747. J. Herre.sliolT, U. vS. P. 909808; abst. 
C. A. 1910, 4, :j28.5. A. Hinzkc, l.l. S. P. 114970.5, 191.5; abst. J. S. C. I. 
191.5, 34, 900. H. Humphries, K. P. 117,50, 1912; alxst. J. S. C. I. 1912, 31, 
1124. D. Hunt, E. P. 1889.5, 1911; U. vS. P. 10.5391.5, 1913; abst. J. S. C. I. 
1912, 31, <)21; 1913, 32, 289. J. Jonc.s, l.b S. P. 872822, 1907; abst. J. S. C. 

I. 1908, 27, 23. P. Lehmann, I). R. P. 291420; abst. J. S. C. I. 1910.' 35, 
091. I. Locser, E. p. 438.5, 1875. C. Lyman, U. S. P. 9117,53; abst. C. A. 
1909, 3, 1005. J. Marsden, A. Paul and A. Tromblec, U S. P. 749311. G. 
Miller, U. S. P. 10182,5.5, 1912; abst. J. vS. C. I. 1912, 31, IBS. W. Maynard, 

K. P. 0982, 1884. H. Niedcnluhr, I). R. P. 249.3:10; abst. J. S. C. I. 1912, 
31, 773. E. Nemethy, U. R. P. 48285. Pintseli Akt. Ges. D. R. P. 29.5747, 
1915; abst. J. S. C. 1. 1917, 3G, 040. G. Oddo, E. P. 212,5.5, 1908; D. R. P. 
22,5.321; F. P. 3974.50; Chem. ZtR. 1910, 34, ,50.5, 514. Pratt EiiKiucering 
& Machine Co., E. P. 118097, 1918; abst. C. A. 1919, 13, 1. K. Rossitcr, 
U. S. P. 10.38442, 1039812; abst. J. S. C. I. 1912, 31, 983, 10.31; C. A. 1912, 
6, 3499. C. Savage, U. S. P. 841570, Chem. Fabr. auf Actien vorm. Scher- 
ing, D. R. P. 191.590, 1907; abst. J. S. C. I. 1908, 27, ,502. A. Sehimmel, 
Arch. Suikerind. 1910, 24, 1.820; abst. C. A. 1918, 12, 74,3. A. Seyferth, 
E» P. 750, 1809. D. Whalen, U. S. P. 10057,50. G. Stebbins, U. S. P. 9.34700. 
Thalin, Nor. P. 2(M.50. O. Witt, D. R. P. 1863.32; abst. C. A. 1908, 2, 106. 

J. Tufts, H. S. P. 89111.5. C. Weatherby, K. P. 4161, 1873. Wynne, Aus¬ 
tralian P. Appl. 1844, 1905. Anon., Chem. Eng. $, 71; abst. C. A. 1909, 
3, 1575. G. Huh, Can. P. 190870, 1920. 
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agitation of the sulfur by paddles, blowing jets of air and steam 
over the sulfur, and deviees for regulating the heat. 

The temperature in a sulfur burner operating with air and 
furnishing a gas containipg 1()')J. S()> has betn ealeulated' to be 
Aetual measurements with a be Chatelier pyrometer gave 
the following results with a simple pan burner; 

(1) Temperature in spaee above pan 10 mins, after charging, 
d-l()°, after 8,') mins., 19.')°. 

(2) Temperature in space above pan after 1.') mins., 870°, 
after 2,'iiniins., 120°. 

(8) Temperature in spaee above pan after 90 mins., 520°. 
It is assumed that the best temperature is 880°-840°. 

A type of mechanical burner in considerable use is that of 
Tromblee and Pauli, m,ade by the Glen Falls Machine Works, 
N. Y. The following particulars relate to these burners, in the 
standard sizes-; 


JL 



S Burned 

Approx. 



JUT Hour 

Weight 

I‘*loor 


bbs. 

bl)S. 

Space 

No. 1. vShort Special, 20 in. diain. 
shell, 4 ft. loiiK. 

35 

;i.500 

.8 0 ft. 

No. 2. Special, 20 in. diain. shell, 8 




ft. long. 

05 

1200 

12 X 0 ft. 

No. Small, ^0 in. diam. shell, 8 




ft. long. 

130 

1900 

12 X ti ft. 

No. 4. Standard, 8() in. diam. shell. 




8 ft. long. 

250 

S2(M) 

10 X 7 ft. 

No. 5. Short large, 18 in. chain, 
shell, 8 ft. long. 

400 

123(M1 

20 X 10 ft. 

No. 0. barge, 48 in. diam. shell. 




10 ft. long. 

800 

1.5500 

28 X 10 ft. 


1. S. Pagliani, Ann. chim, applicata, litl.s, 4, Tn; abst. J. 8. C. t. 

J4, 1050; C. A. 101.'), 9, ;i.'il. In this connection Kxpcrnnental Report No. 
4;i, H. M. Factory Gretna, on the operation of S burners, will be of interest. 
See also Kxptl. Report No. 20. The following patents on snlfnr burners 
may be consulteil: I'. S. R. Reissue 12021 to SH.'lOOti. 11. S. F. 207.').'), 
.52090, 80881, O.TiO?, 101011, 12371;!, 127008, 1.34389, 137092, 143202, 1,80901, 
ia3l8.5, laoOO-!, 187413, 188801, 191778, 197474, 23402.5, 208.530, 208793, 

284817, 308289, 309908, 311.59.5, 31911)8, ;j37197, 338.557, 301701, 3634.57, 

.376883, 3922.35, 410415, 41201)4, 414051, .421070, 121201, 451051, 171018, 

47.5824, 4.8.5120, 4iM)981, .542429, .57219.3, 023807, 001490, 001197, 078179, 

08.5779, 704412, 71148.5, 71.5778, 7.34.397, 749311, 7.83783 , 78.8512, 802191, 

81000.3, 829705, 835920, 811.570, 8000.35, 872822, .88.5891, 89111.5, 900.500, 

9(Xi.574, 9117.3.5, 9249,80, 9.347(X), 952098, 9.52099, 9.52100, 952'‘70, 9.57418, 

981025, 99021.5, 10182.55, 1024798, 1027022, 1038142, 1039404, 1039812, 
1044309, 100.5750, 1078937, 11104.54, I21.5G;?0. 
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Fig. 88.—Weighed Sulfur Charges To Be Burned 
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Tlic slicll of the burner is of flanged steel, the cast-iron heads 
are cime-shaped and their flanges form the bearings. 'I'he rolls 
or trunnions, foundation plates and pulley standard are of east- 
iron. The combustion chamber of the Standard burner is either 
a cast-irpn box, 30 in. wide, 44 in. high, ;ind 43 in. long, or a closed 
ciradar steel tank, (i ft. in diameter, 10 ft. high, lined with special 
firebrick. The neck at the back of the burner passes into the 
chamber. An opening on the opposite side of the cast-iron cham¬ 
ber, covered with a plate, is for the purpose of reversing the 
chamber when convenient. The iiipe connection to the cooler 
is made from the top of the combustion chamber, and dampers are 
provided in the chamber and in the feeding doors for the regula¬ 
tion of the supply of air. A door at the baek is provided for 
cleaning out the ash. 

Sulfur is fed automatically to the burner through the front 
end of t^je machine, the burner shell rotating at the rate of half 
a revolution per minute. Half a horse-power is rcciuired. As the 
burner rotates, the sulfur is carried over, forming a complete 
coating on the inside of the shell. The whole of this coating is 
undergoing combustion, and a high temperature and perfect com¬ 
bustion arc said to result. 

The gas produced may contain as high as 1 SO-. Where 
T<ouisiana sulfur is used there is practically no residue left in the 
burner. The action is easily regulated and then becomes auto¬ 
matic. 

Another type of mechanical burner is the Vesuvius burner, 
made by the Valley Iron Works Co., Appleton, Wis. This is a 
modification of the old shelf burner, but the feed is automatic. 
It is vertical, constructed of iron with a lining of firebrick. At 
the top is a melting kettle. Inside are a number of iron trays or 
shelves, resting loosely on the brick lining, 'rhe gas outlet con¬ 
sists of two parts, an oblong 4.')° elbow, extending about t'/- in. 
into the burner, and a round iron pipe, oblong shaped at one 
end to conform with the elbow, and slotted in the upper part to 
serve as a combustion chambei. Around this slotted pipe is a 
circular damper. 

The advantages claimed over the rotary burner are the 
smaller floor-space reciuired, the absence of mechanical drive for 
turning, and the more certain feed \Yith liquid sulfur. 'I'he burner 
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consumes a maximum of nine tons of sfilfur per 2 1 hours, re¬ 
quiring* a floor-space of 72 sq. ft. Ivach of the five stages is pro¬ 
vided with a door for regidation of the air supply. 'I'hc burner 
is now made in nine different sizes, the largest with 1) tons capacity 
j)cr 24 hours, and the smallest 1 ton iier 24 hours. 

Sulfur Dioxide, SOa, is a gas at the ordinary temperature, of 
density 1.424 gm. per liter at 0° and TbOmm. It is easily eon- 
den.sed to a liquid by cooling, or by three atmospheres com¬ 
pression at the ordinary temperature. The b. ])t. of the lii|uid is 
- 10.1°; m. pt. of the solid, - -70°. The liiiuid dissolves sulfur, 
iodine, ])hosphorus, resins, and many other substances insoluble 
in water. Liquid sulfur dioxide is made on a large scale, and 
transported in glass syphons or iron cylinders. 

Sulfur dioxide may be made on a small scale by heating strong 
sulfuric acid with copper or carbon: Cu + 2Il2S()4 = (.hi,SO., -f 
S(L -f- 2 II 2 O; C + 2H...S()., = 2H4) + CO.. + 2S()... In the lat¬ 
ter case, acid of 10.")° Tw. 
and iron vessels are used. 

The carbon dioxide is not 
detrimental, since the S( >2 
is usually a b s o r b e d in 
water, in which Cf o is 
sparingly soluble.' 

h'or the production 
of the gas by burning 
sulfur in air the types of 
burner previously de¬ 
scribed ip. 1002) may be 
used. ,S m a 11 e r seal e 
burners are also e m- 
ployed, of which there are 
several kinds.- The 
Sachsenburger burner 
(fig. 90) is made of cast-iron. The sulfur is introduced at i, and the 
door closed. 11 is kindled by a red-hot iron rod inserted through n, 

■ 1. See J. Grayson, K. P. liOS; ahst. J. S. C. 1. I'll'.), 38, KI7-A. 

2. L. Descamps, U. ,S. P. 12.51992, 1918; abst. J. S. C. I. 1918, 37, 
]82-A;C. A. 1918, 12, 749; E. P. KXlil.'il), 1910; abst. J. .S. C. I. 1910, 35, 
90;i. P. Grimm, K. P. 10774, 1909; U. S. P. 9.57418; abst. J,,S. C. I. 1910,29, 
,3.52. J. Westgalc, 1C. P. 17348, 1909; abst. J. ,S. C. I. 1910, 29, 09.5. P. 
Gontamiii, U. .S. P. 9(jji21.5, 1911; abst. C. A. 1911, 5, 2700. C. Clark, U. ,S. 
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the air being supplied thi ough the pipe a. Sulfur dioxide escapes 
through b, while molten sulfur collects on the bottom of the furnace. 
Fresh stilfur is introduced through c into the funnel/, the lower end 
of which projects into tjie burner. There “is a plate rotated by a 
handle inj^ which regulates the supply of sulfur. The upper part of / 
is water-cooled, as shown at o. Compressed air may be intro¬ 
duced into b to burn any residual sulfur. 

The Korting burner consists of a pan in the lower part, in 
which sulfur is melted. Air is drawn over the sulfur by a steam 
injector, and the gas is cooled. This is made in three sizes for 
10, 20 or 40 lbs. S per hour, and is specially intended for the 
manufacture of sulfites and bisulfites, the gas being absorbed in 
an alkaline solution in washers.' Targe quantities of wood-pulp 
are worked up by means of these sulfite solutions.'^ 

Pyrites Burners arc of three main types, according as they 
are used for (1) lumps, (2) powder, or (;{) mechanical burners. 

The common lump burners," designed for hand-charging, are 
simple brickwork fireplaces with bars on which the ore rests. 
Kindling is effected by a little red-hot coke placed on the top of 
the ore. The thickness of the pyrites bed is about 20 in., and 
the air supply is carefully regulated by sliding doors below. The 
regulation of the air supply is most important, since with too 

P. 9r>2098, 952099, 9.'')21()0, 1910; abst. Chem. Ztg. Rep. 1910, 34, 342, I', 
Clayton, D. R. P. 194948; abst. Zts. ang. Chem. 1908, 21, 931; Chem. Zentr. 

1908, 79, I, 1107; Jahr. Chem. 190.5-1908, I, 1.527; Wag. Jahr. 1908, 54, 1, 
368. W. Feld, E. P. 21996, 1911; abst. J. S. C. I. 1912, 31, 489. Australian 
P. 17451, 1910. C. Lyman, U. S. P. 911735, 1909; abst. Chem. Ztg. Rep. 

1909, 33, 145. Sachsenburger Alct.-Maschinenfabr. u. Kis^ngiesscrei, D. R. 
P. 196371, 1907; abst. J. S. C. I. 1908, 27, ,563. Chem. Fabrilc auf Action, 
yorm. Schering, D. R. P. 191596; abst. Zts. ang. Chem. 1908, 21, 793; Chem. 
Zentr. 1908, 79, I, 314; Jahr. Chem. 1905-1908, I, 1.557; Chem. Zts. 1908, 
7, 536; Chem. Ztg. Rep. 1908, 32, 24; Wag. Jahr. 1907, S3, I, 328; Mon. 
Sci. 1910, 73, 67, 142. 

1. J. Edmunds, U. S. P. 711485; abst. J. S. C. I. 1902, 21, 1.5.34. M. 
Kaltenbaeh, E. P. 107589, 1917; abst. J. S. C. I. 1918, 37, 30I-A. National 
Chemical Machine and Mfg. Co., E. P. 4.337, 1883. W. Wenzel, U. S. P. 
704412, 1902; abst. J. S. C. I. ltK)2, 21, 1027. 

2. See Papicrztg. 1894, 1478, 1830. 

3. M. Hascnclcver, Chem. Ind. 1895, 18, 494. Stassfurtcr Chemischc 
Fabrik, vorm. Vorstcr & Gruneberg, D. R. P. 100708. A. Zavelberg, D. R. 
P. 170602. F. Falding, Mind. Ind. 7, 666. A. Znaacr, Zts. ang. Chem. 
1907, 20, 6. J. Addic, E. P. 180, 1886. J. Hargreaves, T. Robinson & G. 
Hargreaves, E. P. 5681, 1886. United Alkali Co., E. P. 7915, 1905. Haegc, 
Berg. u. Hiittenm. Ztg. 1893, 3811. O. Battaille and P. Piperaut, E. P. 2367, 
1912; U. S. P. 1089304. N. Akin, U. S. P. 127008, 1872. J. Albrecht, U. 
S. P. 20755, 1858. See Exptl. Rep. No. 25, H. M. Factory, Gretna, on tlie 
operation of pyrites burners. 
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miiclj air the furnace becomes cooled, and with too little air sub¬ 
limation of unburnt sulfur occurs, together with clinkering of the 
pyrites. About 70-90 cu. ft. of air per lb. of pyrites is used, 
dejiending on the sulfur content, the draught being regidated so 
that the sulfur flames rise vertically from the red-hot bed and 
tend to blow outwards when tne inspection door is opened. The 
temperature of the gases leaving the burners is -100° .')00°. By 
turning the loose firebars with a key, the burnt pyrites is let 
down into a cavity below, called the burnt ore den, where it cools. 
In such burners about 10 cwt. of pyrites is burnt per kiln per 24 
hours, or 5 cwt. per sip yard of grate surface per 21 hours. 

'riie lump pyrites is first broken into pieces of suitable size in 
jaw-crushers. In Ivngland the pieces pass a 0 in. sieve, but as 
little smalls as possible are made. The smalls and jiieces are 
often burnt separately, although in modern breakers only so 
much smalls is produced as can be burnt with the lumps in the 
above burners. Special types of cru.shers have been devized.' 

Pyrites powder, or “smalls,” is burnt in shelf furnaces, such 
as those of Maletra or Delplace,- consisting of a scries of hearths 
over which the powder is raked, dropping from hearth to hearth 
in succession. Ignition is started by heating on a separate hearth, 
which is then bricked up, the burnt ore dropping into a den below. 
In Maletra furnaces about 12 cwt. of pyrites are burnt per 24 
hours, or about 2 cwt. per sq. j^ard of grate surface per 24 hours. 
The major portion of the burning takes place on the second shelf 
from the top. 

In modern works, mechanical burners arc mostly used. Some 
of these consist of large flat hearths^ over which cars or rabbles are 

1. Markische Maschineii Kahrik, D. K. P. Oct. Itl, 1<S77; see Dingl. 
Poly. 1877. 227, 58. The Hmiiboldt Ifnginccring Co.. D. K. P. I‘.l0(j, 1878. 
Brown, Sci. Amur. 1879, 194. Welter, D. R. P. 7-191, 1879. P. Miiller, 

D. R. P. 295170. G. Polysius, 1). R. P. 29.50.15. 

2. J. Mactear, K. I’. .'1701, 1878. K. Brainwcll. D. R. P. 227,58. G. 
I.uuge, Zts. ang. Chem. 189(3, 9, 05, 1.57. M. Finch and W. and ,S. Willoughby, 

.E. P. 29i;i, 1888. W. Crowder. J. S. C. I. 1891, 10, 298. SccalsoG. Ben¬ 
jamin. D. R. P. 274()(i.'l, W. Buddaeus, U. S. P. 1079897. H. Petersen 

E. P. 1.5941. 1907; abst. J. ,S. C. I. 1908, 27, 904. 

8. C. Bartsch, Wag. Jahr, 188(1, 32, 2.5(1. G. Lunge, Zts. ang. Chem. 
1894, 7, 1,84. F. Liity, Zts. ang. Chem. 1905, 18, 12.58. E. KaulTmann, 
Zts. "ang. Chem. 190.5, 18, 1028, O. Miihlhau.ser, Zts. ang. Chem, 1910, 23, 
847. E. Hcgelcr, U. S. P. 808.581, .592(K)(i. Chem. Fabrik Rhcnania, I). 
R. P. 01048.* Encke, D. R, P. 211488. P, Spenee, It. P. Dec. 24, 1878. 
D. R. P. 9207. U. vS. P. 248521. E. P. 1494, 1882. P. Spence and T. 
Illingsworth, E. P.*2840, 1878. Fusiiia, D. R. P. 288177. 
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drawn by chains, and although they require but little manual 
labor, they readily get out of order. The most used type of 
mechanical burner is one of the numerousu, modifications of the 
MacDougall furnace, in which the ore is fed into a cylinder pro¬ 
vided with shelves over which scrapers fitted to a shaft (usually 
air or water cooled) revolve, pushing the ore from shelf to shelf 
until all the sulfur is consumed. Well-known types are the 
HerresholT' and the Wedge burner. This latter has a hollow 

1. .S.^ Barth. I). K. 1’. 2.S92.")1I, 2iU8,S(i. Cheni. Apparatiir, I'.H;"), 2, U.S, 
10"), Chcin. ZtK. lul l, 38, SUi. Iv. BraccpLaiirent and R. Moritz, K. R. 

lOOS; al.st. J. S. C. I. 1908, 27, 1111. A. Diiron, D. R. I>. 27.5T.")1 ; 

D. R. P. Anrn. D-2S(i,a7. G. I.nnsc, Zts. anK- Clioin. 1891, 7, 15. J. Harris. 
D. R. P. 247(j9.5, 2.59208, 27;i(H.5. K. P. t;i2121; H. P. 2;«;il. 28078, 1911; 
21897, 19i:!. W. Hall, Iv. P. 207.59, 1912; New Zeal. P. ;i;i718, 1918. H. S. 
P. 107(i7();i, 1918; abst. J. S. C. I. 1918, 32, 1009, 1109. H. Roppers, D. R. 
P. 288822. A. MeI)oni;all. 1C. P. 270, 1808. Metallbank iiml MetalhircisclH- 
Ges., 1). R. P. 208989, 20.8002, 278912, 288105; I). R, Anrn. M-50050, ,55925. 
Nichols Copper Co. and H. Stonl, Iv. P. 9958. 1915; abst. J. 8. C. 1. 1915, 

34, 11.50. -J. Parent, P. P. 421209, 1910; ahst. J. S. C. I. 1911, 30, 894. 

SpinziK & Honnncl, D. R. P. 272097, 290885. P. P. 400128. Ansi. P. 
07090. I). R. P. 2924,87. P. 'rrnchot. Rev. ehini. 1914, 17, 109. Ivr/.rOsl- 

Kessellsehaft Coin, 1). R. P. 240007, 250810, 202002, 207874 , 20,8019. A. 
TaiiKve, Iv. P. 817, 1900. 17 Wedge, H. S. P. 1128905, 1128900, 1915; abst. 

J. .S. C. I. 1915, 34, 284. D. R. P. 2,5504,8. 

See also 1 . Anderson, Ivng. Min. J. 1914, 51, 2,58; 17 S. P. 1128905, 
1128900. R. Zetewski, I). R. P. 142485. P. Trego, 17 .S, P. 798844. W. 
Hommcl, D. R. P. 204428. Iv. Hartmann and P. Benker, Zls. ang. Chem. 
1900, 19, 112.5, 118,8. See Chcin. bid. 1911, 34, ,501. M. RaulTmann, D. 
R. P. 101024, 108914, 10.5270, 180,814, 180815, 205215, 227021. ICrznistgcs., 
Aiist. P. 51090. K. Rensch, Chcin. Ztg. 1912, 36, 218. 17 Wedge, tl. S P. 

018188, 0.54885, 777577, 812780, 970525. R. Mackenzie, IC. P. 4418, 1,881. 
Hcring, D. R. P. 9084. T. M,ason, Iv. P 8190, 1880. T. Walker and J. 
Carter, Iv. P. 4000, 1888; see Eng. Min, J. 37, 294, Cf. W. Martyn, J. S. 

C. I. 18,85. 4, 20. W. Briiekncr, Ivflg. Min. J. 37, 425; .aJist. Wag. Jahr. 

1884, 30, 221. R, and C. Oxlaiul, K. P. 1447, 1,870; Iv. P. 7285, 18.85. ]. 
IferrcsholT, H. S. P. .5,50750, 1890 ; 010920, 1899; 729170, 1908; 970175, 1910. 
Cf. Mineral bid. 6, 280; P. Gilchrist, J. S. C. I. 1899, 18, 1.59. 17 S. P. 

97017,5. P. P. 420975. D. R. P. 248825. P7 (Jnineke, Zls. ang. Ciiein. 
1910, 23, 1922. P7 Winteler, Chem. Ztg. 1900, 30, 107. W. Simons, I). R. 
P. 100.509. H. Howard, E. P. 21702, 1905. A. Lcgge, Iv. P, 21100, 1905. 
Maschineiihau-Anstalt Humboldt, 1C. P. 27001, 1900. P. Timm, I). R. P. 
19.5070. J. Greenawalt, D. R. P. 1,82409. P. Klepctko, 1). R. P. 185008. 
Hegcler, Min. bid. 1905, 240. 1C. Hartmann and l'7 Benker (I)ucco’s fur¬ 

nace), Zts. ang, Chem. 1900,19, 1194; D. R. P. 185809. ICisenwerk baiifaeli, 
1). R. P. 185078. W7 Warren, E. P. 174.57, 1905; 17 S. P. 804810. C. 
Pfaul, D. R, P. 177908. P. Palding, E. P. 0981, 1905. A. Wocke, D. R. P. ‘ 
2100,57. P. Schlippenbaeh, D. R. P. 22.5421; E. P. 28755, imi9; P. P. 41.5920. 
H. Daniel and H. Romer, D. R. P. 2088.54. PC. Collet and M. ICckardt, 
Norw. P. 20278. R. Zelew.ski, D, R. P. 19.5724; I). R. Aiini, Z-.5879. J. 
Tafto, U. S. P. 891110; 1). R, P. 207700. .S. Bciive and E. Marconiie,t, P. 
P. 890828. O. Niedcnfiihr, D. R. P. 289702, 289708. Special contrivances 
for Charging the ore into the furnaces, Metallbank und Metallurgische Ges., 

D. R. Alim. M-42720. Maschineiibauanijtalt Humboldt, D. R. Anm. M- 
48170. Svovlsyre and Superphosphat P'abrik, PC. P. 28708, 1911. Scherfen- 
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revolj-iiiif shaft, 4 ft. diaiiicter, to whidi the rakes arc attached, 
the shaft and arms bein^ coolcrl f)y a draft of air from fans, 'riie 
teeth of the rakes are easily renewable. A furnace of 20 ft. 
diameter roasts 12 tons of pyrites in 27 hours, requiring I'/., 
h. p. 'I'hc ore is fed into the top and descends, first outwards 
and then inwards, on alternate lloors, beinj; met by ascendiiif; air. 
The larger sizes burn 20 tons of jiyrites in 27 hours. The chief 
drawback to mechanical burners is the large amount of dust they 
])roduce, necessitating elTicient dnst catchers. Dust is also formed 
by all burners, but to a less extent in' lump ore burners than in 

berg tX- Prayer, 1.). R. P. hlihTah, hhllO.aCi, \V. Iloniiiiel. I'. P. h.SI.SaO. Aklieii- 
yes. f. Heryliau, Hlei a. Zinkfahrikation, 1) R. 1^. 202X77. 'f. Merlon, L), R. 

P. 1.S.“>oO(l. It. llraeq I.aiiriMil, 1). R. P. .Anin. JI-r>2.Slh. (.'.riinewald tk 
W’etseli, 1>. R. P. X.XXO-tt. Rrayy tk Aloritz. ll. R, P. .Anni. 11.7)2a.S0. J. 
P.'irent, P. P. 12J200. X. (le Spirlel, I). R. P. 2.Xh0.S'.l. R. Seherfenhery, 
1). R. P. 2X()0h0, 2;i72l.j. R. Hiiliiier, I). R. P. 2:{(;(i(!il. (. Harris, 1C. P. 

2:;;i:il, loin. C. Renwick, f. S. P. O.SI.S,S(l; I). R. P. 2t(il.SO. Met.allhank 
11 . .Melalhiryisolie ('.es., 1). R. P. 24:i0i:i: li. P. lO.XH. Pill. Masehiiieii. 
haiianstalt Iluinbokil, I). R. P. 21X()P>. .Soe. miniere el nietahiryif)ue de 
Penarroyiia, 1). R. P. 27.700.S. llraeq. 1). R. P. 2.70d2M, 2.77-121; 1C. It 201nS, 
PM2. Vyayemnann, .Si-vhel tk Co., Ansi. P. .710111. J. |oiU‘s, I). R, P. 
20:i:i0:!, r. S. P. hl07l77: ahst. Oest. C'liein. Zty. 1017, 20, Pi. Kirseli tk 
Mauser, 1). R, P. 2li.'i,S.7l. 1C. (lottlieli, 1). R. P. 2().S.‘1.'10. C. Tii(.irssell. 
Norw. P. .'11 110. A. (.laillard, P. P. 17,SI PI. Helsinyshorys Kopparwerks, 
1). R. P. 2I11()0.S. K.'dinowskv and Rotli, 1). R. P. Antn. K-2000(). IC. 
Ooliet, 1). R. P. 2.7,S2(il, 20.7077. Aiist. P. 07PS0. R. .Selierfeiihery, IX R. 
P. 2.7,S70(1. II. .Stout, IC. P, :i.7SI, 1.7-10.1, lOM. J, Parent, D. R. P. 201700. 
Woeke, IX R, P. 2100,77. IC. Powler, IC. P. 7171, 101-1. J. Claude, P. P. 
■lO.SOO.S, A. Ilerziy, 17 S. P. IIO.SOOO. Timm, Aust. P. Aiiin. 0220, lOPi. 
A. Ramen ,and K. lieskow, 1C. P. 1221-1. 101 I ; 1). R. P. 2.7.'1.'120. T. ICdwards, 
I>. R. P. 2I2<S,S,S, 27077-1. 277747, ICrnest. Aust. P. ,Anm. 2400. Chem. 
hid. ,\kl. ties, and h. .Siiiyer. 1). R. P. 202010. S. and (4. Dumont. D. R. 
P. 202l,s;i. IC. Hoiisse, IX R. P. 2,S0.72.1. W. Hall, 1C. P. 207.70, 1012; 17 S. 
P. I07070:i. H. Ridye. IC. P. 2;170,1, 1012. A. Zetselie, 1). R. P. 2,S()4;iO, 
A. Zavelhery, 17 S. P. 1107000; P7 P. Ili.SO.S.a; D. R. P. 2.SI007, 202,SOO. P. 
Sarrasin, 1C. P. 20017. lOPl; l'7 P. -171 1S2. A G f. Ziiikindustric eoriti., W. 
C.rillo and W. Seliefczik, IX R. P. 2S0127, 2.SO-420. Selas A-G., D. R. P. 
2S.70P1. J. Uitgells and W. I.ildewiy. D. R. P. 202I2.S; P. P. 440144; 17 
S. P. I 17070. Nieliols Copper Co.. D. R. P. 270770, 2S4780, 2H0;1HI. 2S7070, 
2X«0i;i. 2.S0000 and 1.). R. P. Aiiin. 171S0. Nieliols Cornier Co. and Stout, 
IC. P. 90.78, 1017. K. Hildebraiidt, 1). R. P. 2007;!:i. Mascliiiiciifabrik 
A. G. vonii. Wayiier tk Co., I). R. P. 200.7:14, 2012:10. H. Jeiiks, t7 S. P. 
II7002.S. W. Mount, 17 S. P. 11700.72. X. de .Siiirlet, D. R. P. 202:171. 
.\V. Hoiiiiriel. 1). R. P. 202704. 

Por further iiiforiiiatioii consult: Zellweger, ICiig. Min. J. 1000, HOI. 
R. Zelewski. D. R. P. 10.7724, 201101. A. Merton and H. Ridye, IC. P. 
i:i(i2.7. ItlOO; :isi:i, :i0,si, lOll. M. llasenelever. J. S. C, I. 1011, 30, 1201. 
IC. Scliiitz, Metalluryie, 1011, 0:17. .\. Neiiies, Metalluryie, 1012, 7, old. 

Anon., paiiierzty. lOO.'i, 28, 2,88; abst. J. S. C. I. lOO.'l, 22, 271. J. I. 1C. C, 
lObS, 10, 20:i. 

1. J. IKuresliolT, D. R. P. 1-1:1710. Metallliank iiiid Metalluryisciie 
Ge.s. A. G., P. 17 1,70.724. IC. Heine, I). R. P. 2800,8,8. R. Rcicliliny, D. R. 
P. 279810. C. Motre,-t.7 S. P. IISIOOO. Hninner & Co., 1). R. P. 2097:10. 
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mechanical burners which arc equipped for the roasting of powder. 

The dust-catchers vary considerably with the different kinds 
of plants. One form consists of brickwork*chambers with trans¬ 
verse baffle-walls, and another of a brickwork tower filled with 
broken bricks supported on bars which can be dropped from time 
to time and fresh bricks put in. A point to be kept in mind in 
the design of dust-catchers is to avoid any unnecessary cooling 
of the gas from the pyrites burners, since the heat is required in 
the Glover tower following this part of the plant. 

Proposals to utilize “smalls” by agglomerating them into 
briquettes* cannot be said to have found any extensive application. 
Roasting in inclined tubc-fumaces has also been proposed.** 

The reaction in the roasting of pyrites is the conversion of 
the iron into ferric oxide and of the sulfur into sulfur dioxide: 
4I'eS 4- IIO 2 = 2 Fe 20 j 4- 8 vSO). In contact with iron oxide, a 
portion of the SO 2 is further oxidized to SO 3 . The burner gas 
contains by volume excess oxygen, and 7%-S% SO 2 , 

as against It)%-11% from brimstone burners. From 3%-5% of the 
total sulfur is usually in the form of SO 3 or II2SO4 rnist. The 
scientific principles of roasting have been discussed by R. Schenck.** 

The pyrites-cinder from the kilns usually contains 0.75%- 
3% of sulfur, which is essential if the copper is to be extracted by 
the wet process. In the case of non-cuprous ores, the roasting 
should aim at eliminating as much sulfur as possible. The burnt 
ore, after extraction of the copper or directly, is then heated in 
revolving kilns called nodulizing kilns, to remove the residual 
sulfur, and then smelted in the blast-furnace. Attempts to .smelt 
Gerdts & Strauch, D. R. P. 2.57.'168, C. Watson, li. P. t7:i84, 1912. M. 
Ncumark, D. R. P. 26:128.5. W. Grcding, D. R. P. 26:1201. H. Puning, 
D. R. P. 262882. A. Miillcr, D. R. P. 216.183, 20.56;i8. ,M. Kirschner, 
D. R. P. 268880. Krowatschek, D. R. P. Aiiin. K-4.5:181. U. Wedge, E. 
P. 16617, 191.5. V. Alcher, D. R. P. 289569. Egc.storfl’s Salzwerke, D. R. 
P. 70396. C. Vadner, U. S. P. 1110660. W. Hominel and H. Durant, E. P. 
28611, 1909. H. Rehmann and A. Mirbach, D. R. P. 292004. 

1. H. Wurtz, U. S. P. 2.52287; abst. J. S. C. I. 1882,1, 67. J. Wicss, 
D. R. P. 18.5602. J. Robeson, E. P. 1639, 1<K)8; D. R. P. 2.38119; F. P. 
38669.5. U. Wedge, U. S. P. 804690, 804691, 80478.5; 1). R. P. 181516. P. 
Ricketts and T. King, U. S. P. 894799. G. Polysius, D. R. P. 262241. C. 
Brackelsberg, Zts. ang. Chera. 1916, 29, 1,281. R. Zclewski, U. S. P. 1097500. 
A. Anderson, F. P. 458442; Belg. P. 256447. 

2. R. and C. Oxland, K. P. 7285, 1885. J. Jones, U. S. P. 1097177, 
1914; abst. J. S. C. I. 1914, J3, 961. ,8. Peacock, U. .S. P. UH)95.59, 1911. 

3. Zts. ang. Chem. 1913, 26, 510, 640i abst. C. A, 1914, 8,t481; J. C. 
vS. 1913, 104, ii, 1057; Chem. Zentr. lUlS, 84, II, 2176.. Wag. Jahr. 1913, 
59, 1, 211. 
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pyrites directly for iron, with ntilizatiwi of the sulfur dioxide, 
have»aIso been made.''- 

Sulfur Dioxide from Copper Pyrites. Sulfur dioxide evolved 

1, J. Charming ami K. Kalding, It .S. I’.' 90249;i; abst. C. A. 1910, 4, 
2.''),''>2. E. P. 12138, 1910; D. R. P. 2.')0772. 25,3192, h'. P. 4109,8.8; abst C 
A. 1913, 7, ,541; J. S. C. I. 1910, 29, 13,80. Eng. Min. J. 1910, 90, .5.55; ab.st. 

C. A. 1909, 3, 2981; J. vS. C. 1. 1910, 29, 13,87. Cf. H. Koppers, I). R. P. 
288322, 1913; abst. T- 5. C. I. 1910, 35, 300; Ann. Rrp. S(k\ Clieni. liid. 1910, 

I, 111, 112. R. Hill, H. S. P. 847004, 1907; abst. J. ,S. C. 1. 1907, 26, 474. 

H. vStout, U. vS. P. 1181183, 1181184, 1910; E. P. 99.5.8, 191.5; abst. J. S. C. I. 
1915, 34, 11.50; 1910, 35, 095. 

2. Eor further information on this subject, consult: H. Achenbach, 
I). R. P. 252412, 280001. J. Addic, E. P. 180, 1,8,80. C, Allhuseii, E. P. 
789, 1807. H. Alvisi, E. P. 23493, 1900. H. Augcl, E. P. 24130, 1904; 
ab.st. J. K. C. I. 1905, 24, 2fX). E. van Bcrckelaer, F. P. 3,84904, 1907; abst. 

J. S. C. 1. 1908, 27, 503. W. lllinkhorn, E. P. 1084, 1,878. A. and L. Brin, 

E. P. 12070, 1,880; abst. J. S. C. 1. 1,8,87, 6, .597. W. Buddeus, I). R. P. 28588,8. 
A, Carmichael and 11. Montgomery, E. P. 14295, 1914, J. Chaimiug, E. P. 
12137, 1213,8, 1910. T. Cobley, Iv. P, 47.5.5, 1,878. Cie. Par de Coul. d’Aniline, 

F, P, 3189.32, 1902; abst. J. S. C. 1. 1902, 21, 14.54. C. Debuch, 11. R. P. 
209774. G. lluryee, E. P. 54.57, 1880. B. lildrcd, tl. .S. P. 88.5:128, 1908; 
abst. J. S. C. I. 1908, 27, ,509. A. and W. Elmore and H. Barrett, E. P. 

I. 5988, 1885. J. Elcming, E. P. 101.5:1, 1,8,87. G. Eusina, E. P. 8420. 1912; 
F. P. 4422.80, 1912; abst. J. ,S. C. 1. 1912, 31, 931; 1913, 32, ,541. A. Gerinot 
and 11. Fievet, E. P. 2407, 1901, abst. J. S. C. 1. 1902, 21, 170. J. Greeti- 
awalt, 1.1. S. P. 901000, 1908; abst. J. S. C. 1. 1908, 27, 1210. G. Grondal, 

D. R. P. 277895. W. Hall, U. .S. P. 113:1037, 1134840; abst. J. ,S. C. 1. 1915, 
34, .5.57. F. P. 4,5.5-474, 4.5.5475, 4,55905, 1912, abst. J. ,8. C. I. 1913, 32, 943. 

J. Hanson, Pj. P. 1393, 1888. J. Hargreaves and T. Robinson, E. P. 1923, 

1928, 1871; .5081, 1880. M. Hanahau, U. ,8. P. 12.5323,8, 1918; abst. J. S. 
C. 1. 1918, 37, 148-A. 11. Humphries, Iv. P. 172.32, 1915; abst. J. S. C. 1. 
1917, 36, 8:i. R. Hiilmor, U. ,8. P. 90(>.8.83, 1908; ab.st. J. ,S. C. 1. 1909, 28, 
9,5. S. Holroyd, E. P. .505, 1809. H. Howard and F. .Stantial, U. .S. P, 
1271899; abst. C. A. 1918, 12, 1913. G. Haglund and A. Gronningsacter, 
U. vS. P. 110:1234, 1915; abst. J. S. C. 1. 1910, 35, 125. H. Hilbert, E. P. 
9-493, 1903; abst. J. S. C. I. 1903, 22, 1085. W. Hughc.s, E. P. 4490, 1.880. 

J. Hollway, E. P. 4.549, 1,878, 1131, 1,878. F. Johnson, U. ,S. P. 873943, 
1907; abst. J. ,8. C. I. 1908, 27, 12,8. G. Kingsley, U, ,8. P. 1144480, 1915; 
abst. J. S. C. I. 1915, 34, 8:14. G. Keppeler, Cheni. Ztg. 1913, 36, 1219. 
.See P. Uhlinann, Chem. Ztg. 1914, 37, ,59. E. Kmidsen, K. P, 20500, 190 1 ; 
abst. J. S. C. I, 1902, 21, 123. F. Knowles, E. P. 003, 1,884. C. Leech and 
T. Neal, E. P. 1281, 1878. P. Lehmann, U. R. P. 291420, 1914; abst. J. S. 
C. 1. 1916, 35, 091 W. Martin, 1). R. P. 272918. G. Marks, E. P. 0724, 
1903; .ab.st. J. S. C. I. 1903, 22, 13,52. 1. McDougall, E. P. 1349, 1883. R. 

Mallett and H. .ScholeOeld, E. P. 29.52, 1872. J. Mason, E. P. 4310, 1878. 
IJ. S. P. 2744.53, 188:1. Nichols Copper Co., I). R. P. 288013. R. Pictet, 
F. P. 480294, 1915; abst. J. S. C. I. 1917, 36, 1:33. G. Rambaldini, E. P- 

2402, 1902; ab.st. J. .S. C. I. 1903, 22, 145. J. Robeson, E. P. 16:19, 1908. 

* G. Rigg, U. S. P. 1103081, 1914; abst. J. S. C. 1. 1914, 33, 870, C, Renwick, 
F. P. 426149, U. vS. P. 981880, 1911; abst. J. .S- C. 1, 1911, 30, 220. 962. P. 
Spence, E. P. 2823, 1870. J. Spence, E. P. 1855, 1879. A. Sebillot, E. P. 
1913, 1882. P. .Spinzig and A. Wannag, D. R. P. 25.54.54, 1911; abst. J. S. 
C. L 1913, 32, 241. R. Sticht, Proc. Austral. Inst. Min. Eng. 1915, 19, 
75; abst. J. S. C. I. 1916, 35, 118. W. Tooth and J. Rooker, E. P. 7988, 
1884. J. Tluvaites, E. P. 27426, 1907; abst. J. S. C. I. 1<K)8, 27, 949; F. P. 

393589; alwt. J. S. C. 1. 1909, 28, 91. H. Wurtz, E- P. 4218, 1881. L. 
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in the smelting of copper f.yriles for the production of metal has 
been suceessfully utilized in the manufacture of sulfuric acid. 
The ore is smelted in the blast-furnace for the production of matte, 
and the gases used in chamber ])lants. 'I'he gases from the con¬ 
verters used in working up the mattes to metal may ultimately 
be utilized when the proper conditions have been realized.' The 
largest plants using the process are those of the Tennessee Copper 
Co., the Ducktown Sidfur, Copper and Iron Co., the Anaconda 
Copper Co., and the Motinbain Copper Co., Moroco, Cal.,'' all in 
the United States. 

Sulfur Dioxide from Blende. The manufacture of sulfuric 
acid from the gas evolved in the roasting of zinc blende for the 
reduction to zinc fonns a very important source, especially in 
American, Belgian and ('lerinan practice. The reaction is: 
ZnS + Oo = ZnO + SO 2 , but is liable to be com]dicated by the 

Wright, F. U. .1.51-12:!; K. P. 2()l2t<, 1911; abst. J. .S, C. 1. Illi:!, 32, 29, ,511; 
19i4, 33, KKil. Oust. Clicm. Ztg. 1917, 20, 11. J. Woslergrcii, ,Swcd. P. 
:11999; abst. C. A. 1912, 6 , 2:102. t'. Wedge, f. S. P. lOdPtO-l; abst. C. A. 

1912, 6 , ;!499. 11. Wieruin, lb S. P. 118297.1, 1910; abst. J. ,S. C. 1. 1910, 
35, 74'J. Iv- and P. Dult, India P. liOtO, 19bH. Zcllslofffabrik Waldhof, 
Norw. P. 29027, 1919; abst. C. A. 1919, 13, 1:177,. H. SutdilTc, K. P. 10450, 
1912. J. .Svmonds and J. Fell, F. P. .S.S:!, IH.50. A. .Sainte-Beuve and O. 
Marconnet. Belg, P. 2001.'!0, 1907. C. .Stickney, f. .S. P. lO.nil.'l. ISOli. 
Boyd and Durant, li. P. Appl. 17042, 1919; abst. J. ,S. C. I. 1919, 3S, 5.5S-A. 
K. Bracq, Iv. P. IIS094; abst. J. .S. C. I. 1919, 38, 252 A. J. Conrad, V. 
S. P. .880948, 1908. F‘. Doohain, Belg. P. 20:!;!12, 1907. H. lillis, C. .S. P. 
1289417; ab.st. J. .S. C. I. 1919, 38, LU-A; C. A. 1919, 13, 774. C. Fish, C. 
S. P. 47)1051, 1891; I). R. P. 0221(i; abst. Wag. Jahr. 1,892, 38, 288. J. 
Hughes, U. S. P. 0.5914, 1,807. (1. Hurt, U. S. P. I2.8!)78:i, 1918; abst. J. S. 
C. I. 1919, 38, l.'io-A; C. A. 1919, 13, 778. H. P. 11,8097, 1918; abst. J. S. 
C. I. 1919, 38, i;l.5-A. ,S. Krotoff, Bug. assoc, chitn. suer. djst. 191,8, 35, 
102; abst. C. A. 1919, 13, 21.51. J. Marsdeu, V. ,8. P. 08.5779, 1901. A. 
McIntyre, t,'. S. P. i;!0:i;i48, 1919; abst. J. ,8. C. 1. 1919, 38, .5.15-A; C, A. 
191?», 13, 1911. 8. .8nnth, U. .8. P. 421201, 1890. U. Stebbius, C. 8. P. 
900,574, 1908. A. Troinblee, U. 8. P. 88.5891, 1908. J. Wise, U. 3. P, 88.5920. 
1900. Reissue 12921, 1!K)9. 

1. 1C. Larison, Hng. Min. J. 1910, 102, 1121; abst. C. A 1917, 11, 
880. W. Belson, Mining 8ci. 65, 119; abst. C. A. 1912, 6, 917. D, Korda, 
U. ,8. P. 1008051, 1911; abst. J. ,8. C. I. 1911, 30, 1219. Bull. C. ,8. Ocol. 
Survey, 1911. J. Channiiig, C. 8. P. 902498; 1). R. P. 258492 C. OITerhaus, 
Mctall und ICrz, 1914, 10, 808; abst. Zts. ang. Chem. 1911, 27, II, 442. C. 
Debusch, D. R. P. 209774. A. Carmichael and H. Montgomery, K. P. 
1429.5. 1914. W'. Norton, FCng. Min. J. 1914, 93, 299, 

2. For further information, .sec W. Borchers and H, Pedersen, E. P. 
9140, 1912. J. Carrick and 8. Pattison, K. P. 22100, 1908. H. En.sell, E. P. 
2000, 1808. A. Gray, E. P. 27.54, 1888. W. Henderson, E. P. 988, 1879. 
Metals Research Co., and R. B.acon, E. P. 138, 191.5; U. ,8. P. 1151284, 19U5; 
abst. J. S. C, I. 191.5, 34, 1018, 10.59. J. Penzance, E. P. .502.5, 1882, A, 
Sebillot, E. P. 2tK)77, 1901. A. .Scbillot and G. Dubois, F. I>. 884072, 1907; 
abst. J. 8 . C. [. 1908, 27, 401. J. Wilkes and A. Aunicr, E. P. 8087, 1874. 
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formation of sulfato, wliich is dc‘c()m])iist'(l with (lifiiciilty only at 
liif>:liL*r temperatures tlian are used in tlie roasting furnaces. This 
secondary reaction must therefore be avoided. 'I'he roasting of 
blende differs from that of pyrites in tlKit external heat must be 
supplied to drive off the .sulfur, ami special tyjies of furnaces have 
therefore to be used. 

I’ure zinc sulfide contains Tl'T .S, while the mineral' is usually 
contaminated with several ])er cent, of iron as FeS, and fre(|ucntly 
manganese. It may contain pyrites and galena, from which it 
is separated electrically ami by flotation, 'fhe ore may be given 
a preliminary flash roast to convert iron into the magnetic oxide 
Fen() 4 . If fluor.spar is piescnt, wet concentration should be care¬ 
fully carried out, as the pre.scnce of fluorine in the gases later on 
will give much trouble. The zinc concentrates at Broken Hill 
are obtained by flotation processes, which do not, however, remove 
fluorspar and carbonates. 

In treating blende, the ore is roasted in niullle furnaces, with 
external firing, the first successful furnace of this kind being that 
of Ilasenclcver, invented in bs.'i.'), at the Rhenania Works. This 
has repeatedly been improved, ami became a commercial success 
in bS7 1. 

The temperatures at which .sulfides begin to lose sulfur dioxide 
on roasting in air arc stated by O. Ferret are as follows: 

Iron iiyritcs, 4^0“ 

Chalco])yri(fs. maxiiclic jfyrites, copper matte, 

Zitie hleiuie, begins at complete at 900'^ 

“Speiss,” and nii'kttl-coj)]>er matte liegins at 800" 

The gases from blende roasting contain h'T by volume 
sulfur dioxide, <S' of oxygen, and SlF:,'; of nitrogen, double the 
theoretical amount of air being used, 'fliis gives the hyjiothetical 
temperature of combustion as O'.llt", but iu pra>'tice from W/[,~ 
20 % of fuel is reipiired, according to the richness of the ore. 

The Hasenclever furnace consists’ of three superimposed 
muffles, with heating flues. The temiierature of the top muffle 
*is ()()()°, that of the center muffle 7(10°, and that of the lower, 

1, W. Minor, Chem. Zts'. (««), 13, 1(102. F. llaiii.scli and M. Schroder, 
Clieni. tnd. ISfk), 7, 118. P. Triicliot, J. S. C. I. 1011, 30, 207. G. Delplacc, 
It. It. P. 200747. E. Jensch. Zts. ang. Clictii. 1804, 7, .'ll). 

“2. R. Hasenclever, Zts. Ver. deutscli. Ing. l,S8(i, 8,'i; alist. Wag. Jahr. 
1880. 32, 2.57. Chem. Ind. 1800, 22, 2.5. K. Eiehhorn and M. Liebig, D. 
R. 1’. 21082; ab.st. Wag. pilir. 1880, 35, 822. L. Jahne, Zts. ang. Chem. 
1804,7,80.5. 
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900°. These muffles are 28 ft. long, 4 ft. broad, the height 
being 6 in. at the edges and 10 in. at the crown of the arch. The 
fireplace is 32 in. square and burns f) lbs. of coal per sq. ft.^per 
hour. Each furnace roasts 4 tons of blgnde per 24 hours,*_two- 
men being required, nonnal working being with 26% sulfur in 
the ore. This falls to 16%^ at the end of the first muffle, 10% 
at the end of the second, and 1% at the third. Much heat is 
carried away by the hot gases and burnt ore. 

The following statistics show the increa.se of blende smelting 
in the United States in recent years; 

Year Tons HjSOi Made from^Blcnde 

1911 230,(143 

1912 292,917 

1913 29(5,218 

1914 411,911 

1915 484,942 

The presence of fluorine in blende gas often leads to corro¬ 
sion. It is usual to employ two Glover towers, one empty and 
the other containing lead sheets instead of siliceous packing, or 
else to circulate all acid made and use a resisting packing. The 
amount of fluorine in the concentrated acid may be estimated by 
placing a weighed glass rod in the acid, and weighing at inter¬ 
vals until the loss, due to the formation of silicon fluoride, is 

constant: SiOs + 4HF = SiFi + 2H..O. 

Other types of blende furnaces (e. g. the Deplacc furnace) 
have been described.^ Mechanical blende furnaces* have not yet 

1. A. Neme.s, F. P. 420851. R. Hiibncr, D, R. P. 230009. .Stolberg 
Acticn-Gts., Horchcrs & Graumanii, F. P, 24090, 19(X5. L. Bcmclmans, 

D. R. P, 76775. M. Perret, D. R. P. 37842. M. Liebig, fl. R- P- 337034. 
H..Pcterscu, D. R, P. 190210. M. dt Lummen, Chem. Trade J. 1916, 58, 
255; 59, 261. 

2. P. Schniieder, D. R. P. 244131. IL Schiitz, Chem. Ztg. 1912, 36, 
15. Metallurgie, 1911, 037. Metall u. Erz, 1915, 109. O. Nicdenfiihr, D. 
R. P. Anm. N-10070. L. Pierron, Mon. Sei. 1900, 55, .502. F. Trego, U. S. 
P. 798844. F. Enke, D. R. P. 211433. J. Haas, D. R. P. 23080. M, Hasen- 
clever, J. S. C. I. 1911, 30, 1291. W. Hommel, D. R. P. 204423. Metal- 
lurgic, 1912, 294. K. Eiclihorn, D. R. P. Anm. E-18389. H. Ridge, 
Met. Chem. Eng. 1917, 17, 215; abst. C. A. 1917, 11, 3096. Chem. Fabrik. 
Rhenania, D. R. P, 61043. Soc. Vieille Montague, D. R. P. 24155, 36609. 
H. Daniel and H. Romcr, D, R. P. 2083.54. vSee Eng. Min. J. 1915, 99, 326, 
420. 

For further information on meehanical blende roasting furnaces, consult; 

E. Dohet, D. R. P, 258261; Helsingsborg Kopparwerks Aktiebolag, D. R. 
P. 261605. J. Harris, E. P. 23831, 1910; 7722, 1912. R. Ke.ssler, D. R. ,P. 
270273. Aktien-Gcs. f. Zinkindustric vorm. W. Grillo and W. Schefcztk, 
D. R. P. 280427, 280429, 287078; F. P. 473310. E. Bousse, D. R. P. 280532. 
T. Edwards, D. R. P. 242688, 2.5.5747. N. Heinz and W. Freeland, U. S. 
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reached the perfection of the pyrites furnaces, but considerable 
advances have been made in recent years, a number of types 
being used. The use of mechanical furnaces is imperative in 
America, where labor is expensive. Iihportant types of furnaces 
are the Hammond and Spence,’ the Ilcgeler,'’ the Merton,” the 
Spirlet,” and the Ridge.” The Wedge furnace (cf. p. 1072) has 
been used for blende roasting. 

The Hegelcr furnace consists of hearths over whicli the blende 
is rabbled by mechanical stirrers attached to long rods. This 
furnace occupies a large floor area, because of the runway for the 
stirrers at each end, a total length of Olid ft. being required. It 
treats 40 tons of blende per day, with a coal consumption of 
2,')'Xi 00%- The ploughs are drawn through the furnace by chains 
and, after passing through in one dircctitjn, are moved to the 
next hearth above and drawn through this in the opposite direc¬ 
tion, to allow of cooling. The vSpirlet furnace, of which several 
were in operation in Belgium and Germany, and some in America, 
contains no inside metal parts in contact with the ore, the fuel 
consumption being low. The alternate hearths rotate and the 
ore is stirred by special bricks projecting downwards from the 
hearths above. These bricks have a tendency to break off and 
choke the furnace, otherwise the results are stated to be satis¬ 
factory. 

The Ridge furnace has water-cooled stirring shafts, the ore 
being fed continuously to the drying hearth at the top of the 

P. i)8(i7()lt Nichols Chemical Co., t). K. P. 14.3740. Maschiiicnbauanstalt 
Humboldt, I). R. P. 1802li:i. ICnkc, I). K. P. 211433. R. Scherffenberg, 
D. R. P. 23721.5. W. Trhllcr, D. R. P. 1!I7258, Iv. iiracd-I.aurent and K. 
Moritz, D. R. P. 249847. Saccharinfabrik vorm, I'ahlberg, hist & Co., 
D. R. P. 2.57537. J. I.iitgcns, I). R. P. 2(iOI.5(). Nichols Copper Co., D. 
R. P. 270.570. K. Klepctko, D. R. P. 18,5003. J. I.iitgens and W. Ludewig, 
1). R. P. 27,5404. F. Baker, D. R. P. 23289.5. See also M. Liebig, "Zink 
und Cadmium,” 1013, p. 234. 

1. T. Merton and H. Ridge, F. P. 1302.5, 1909; 38-13, 3981, 1911. D. 
R. P. 2.53892, 208583. H. Ridge, J. S. C. I. 1917, 36, 070; Met. Chem. Eng. 
1917, 17, 215; abst. C. A. 1917, 11, 3090. 

2. Sec O. Mnhlhauser, Zts. ang. Chem. 1910, 2$, 347. M. de Lummen, 
Chem. Trade J. 1910, 58, 2.55; 59, 201. Eng. Min. J. 191,5, 99, 420. 

3. W. Hommcl, Metallurgie, 1912, 294; abst. Chem. Zentr. 1912, 83, 
ir, 67; C. A. 1913, 7, 1343. 

. 4. X. de Spirlct, E. P. 41.5.338. 1). R. P. 2.30089, 292371. See Eng. 
Min. J. 98, 017. 

.5. T.Merton and H. Ridge, E. P. 1302.5, 1909; 3843, 3981, 1911. D. 
R. P. 2.53892, 208583. H. Ridge, J. S. C. I. 1917, 36, 070; Met. Chem. Eng. 
1917, 17, 215; ab§t. C. A. 1917, 11, 3090. 
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furnace, passes over three heating hearths, and finally over the 
cooling hearth, where it preheats the air required for oxidation. 
The mechanism of each furnace is driven by separate motors. 
The ga.ses leave the furnaee with (i‘/ 2 ''(,- 8 V'i/e SO 2 when Broken 
Hill concentrates are roasted, the ore being desulfurized to 0.7.')% 
of the total sulfur, with a feed of 12 tons of ore per 24 hours, and 
a coal consumption of l()'’f. 

The chemistry of blende roasting has been discussed in several 
papers.' I'rom the results of experiments, Hommel draws the 
following conclusions: ( 1 ) 'I'lie ore must be rapidly brought to 

the temperature of ignition. ( 2 ) The ignited blende must be de¬ 
prived of the greater part of its sulfur by thorough stirring and 
moderate supply of air, but without external heating, (li) The 
nearly desulfurized blende must be brought in contact, at a tem¬ 
perature which does not exceed .S()l)°, and with energetic stirring 
with a strotig current of air, but without cooling. 

Various special furnaces and ])rocesscs for roasting blende 
have been describcrl.- The separation of flue dust from blende 
ga,ses has also been the subject of numerous patents;' the use of 
the Cottrell electrostatic precipitator would seem to offer possi¬ 
bilities in this direction. 

Many methods have been devized for the treatment of poor 
ores or mixed sulfide ores containing pyrites."' The composition 

1. W. Jolnison, lilc'clroehem. .ami .Metall. tnil. I!MI.">, 3, It; ahst. J. S. 

C. I. IDO.'i, 24, l!H). F. Thomas, Motallurxic, lUIO, 7, (ilU; ahst. C. A. ]9I1, 
5, 2(>.5. V. Mostowitch, Metalhirgie, 8, ahst. C. 1912, 6, S-(,S. Hof¬ 
mann, Trans. Anier. hist. Min. linx. 1904, KTt. E. Jenseli, Zls. aiix Cluni. 
1894, 7, !i(). V. Hassreidter, Zts. ang. Chem. 1900, 19, .722. E. Doeltz and 

G. Graiimanii, Clicm. Zciitr. 1907, 78, I, 1407. Iv. Prost, Hall. Soo. Chim. 
Bdfc. 1911, 10.1. M. Uehig. Zink mid Cadmium. lOhi, p. 222. C. Reed, 

H. S. P. 1099179, V. Mostowitch. Zts. ang. Chem. 1911, 24, 798. A. 
Nemos, Mctalhirgie, 1912, .'illi; ahst. Zts. an.g. Chem. lllh'i, 26, II, .7.7. W. 
Hommel, Mctallurgie, 1912, 2X1. 

2. C. de vSauIlcs, f. S. P. 1188172, 191(1. R. Zclewski, D. R. P. 

1917724, W. Bnddetts, li. P. 29042, 1918. I). R. P. 278448, F. P. 4()(i897. 

I. '. ,8. P. 1079897, 112122(1. W. Borchers, R. Schenk and F. Thomas, I). R. 
P. 242812. W. Hommel, Swiss P. 72088. A. Queneau, 11. S. P. 1182(181. 
F. P. 44.7288. IJ. R, P. 288(118. E. P 1.74(10, 1912. 

8. G. Stone, 11. S. P. 711187, 7111.S8, 1902; ahst. J. S. C. I. 1902, 21, 
1897. A. Hoirniann, Metall u. lirz, 191.7, 12, 290, 810. J. Uitgens, D. R. 
P. 2.7.7.787. Griitlicli von Eandsherg-Velen und Geinensche Chcmische h'abrik, 

D. R, P. 2.7(1287. Gewerkschaft Mcssel, Adolf Spiegel mid Paul Meltzer, 
D. K. P. 20041.7. E. biehrecht, IJ. R. P. 20.7.784, F. Curtins St Co., IX R, 
P. Anm, C-28()27. Metallhank und Metallurgische Gesidlsehaft A. G., h'. 1’. 
4.70.724, 

4. M. Hascnelever, J. S. C. I. 1911, 30, 1291. T. Walker, E. P. 
9918, 1909. A. Carmichael, 1). R. P. 17.7430. G. .Sweeting, F. P. 801808. 
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of burner fjases from blende has been c alculated by R, Hascnclever.' 

Sulfur Dioxide from Galena. 'I'lie* proposal to utilize the 
sulfut* dioxide evolved in the smelting of galena was made by 
li. Hills, in 1857,’ and has been made the subject of later ])atenls.'' 
A dilute gas is thus obtained, and it is jlroposed to effect the de¬ 
nitration in the Glover tower by mixing these gases with more 
concentrated gas from the roasting of jiyrites and blende.^ G. 
de Bechl^ converts lead and zinc sulfides in the ore into sulfates 
by treating the finely pulverized ore with a hot solution of ferric 
sulfate, containing free sulfuric and nitric acids: PbS -f 
I'cAvSOi);) = I’bSt ).i-f 21''eSO.i + S, the ferrous sulfate being con¬ 
verted into ferric sulfate by nitric acid. 'I'his process appears 
unduly expensive. 

'file reactions occurring in the roasting of lead sulfide have 

A. Schillol, 1C. I’. L’Kilti. ]8!)X. T. Hiniliiixliai and K. Hclicrk'in, Iv. P. SlKil, 
l.S'Ki; IWI7. J. Jinirs, U. S. P. .S72,S22. O. Nic-dentiilir, 1). K. P. 

.tiiin. N-lOllli'l. T. Cliaiiniiix and !•'. laddinx, t’. ,S. P. !Hi2-l‘.),S. P. Mart, 
J. S. C. I. ISa.7, 14, 7>44. Mascliincnbanan.stait Humboldt, 1). R. P. IGlMitlt, 
llill.al. 

J. Clu'in. Ind. l.S,S4, 7, 70. In (his connertion see .also; L. Bradford, 
li. P. 2I,S,S0, 11114; al)st. J. .S. C. I. llll.a, 34, I2r)(i. C. Crockford, li. P. 21)47, 
1X1)0; ;)117. 1X1)0. (1. and A. Davis, 1C. P. 211X0, lOOO. fCrzverwertnnxs- 

(',es. in. 1). IP, P. P. 474:i()(), 1014; abst. J. S. C. 1. lOlo, 34, SOX. P. Kerrere, 
P. ]>. l.'iO.'!?!, 1012. P. Hart, fC. P. 2000, 1X01. Haviland, IC. P. Appl. 
SO, 1010; K. P. 104510; abst. J. ,S, C. T. 1017, 36, 20. A. Holdswortli, PC. P, 
25574, 1000. The 1). IC. Syndicate I.td., F. P. :jX0034, 1008; abst. J. S. C. 

I. lOOX, 27, 000. A. Irnbcrt, IC. P. 12.501, 12.502, 1007; abst. J. ,S. C. I. lOOX, 
27, X.’iO. S. P. .X7.557X, 1007; IC. P. lo:io;i, 1000; abst. J. S. C. I. 1000, 
25, O.'i.'l; lOOX, 27, 120. H. Kirkpatrick-Picard, K. P. 22570, 1000; abst. 

J. H. C. I. 1002, 21, 121. O. Kowalke, Amer. ICIectrocheni. .Soc. lOOX, April- 
Mav. ICleetroehein. and Metall. Ind. lOOX, 6, 241 ; abst. J. S. C. I. lOOX, 27, 
752. R. Tiebix, 1). R. P. 2:{70:H, 1010; abst. J. S. C. I. 1011, 30, 1122. 

I.etranxe, IC. lb 2211, 1X,X1. W. Marlin, li. P. 10440, lOlO; abst. J. S. 
C. t. 1011, 30, 1210. J. Russell and \V. Hiitlon, 1C. P. 704, 1X72. C. Roxers 
and A. Oswald, 1C. P. 21007, 1001 ; absl. f. S. C. I. 1002, 21, 124. C. Spraxue, 
f. ,S. P. 002:101, 1011; abst. J. S. C. 1. 1011, 30, 7.52, fC. Vuigner, P. P. 
2810.2X. ;1X1020, HlOO; abst, J. S. C. I. 10O,H, 27, 120. I,. Wright, J. S. C. I. 

1014, 33, II 1. W. Swart, f. S. P. X,H22I7; abst. J. S. C. I. lOOX, 27, 400. 

2. IC. P. 2001, 1.H57. 

2. A. Netties, K. P. .120,S51. C. Renwiek, D. S. P. 0X1,SXO. Griine- 
wald & Welseh, I). R. P. 222014, 22,S202. Akl. Ges. f. Bergbau, Blei ii. 
Zink Fabrikation zu Stnlberg, I). R. P. 2.52402, ,s'oe. Aniin. d. Mines dcs 
Rornicttes and A. I.otti, F. P. 240527, 1004; abst. J. S. C. I. 1005, 24, 200. 
•J- Gitshain, tJ. S. P. 1201055, 1010. 1C, P. .5200, 1015; abst. J. S. C. I. lOKi, 

35, 00 .x, 1218 . 

4. Akt. Ges. f. Bergbau, Blei u. Zink Fabrikation, I). R. P. 2,52402, 
Bill; abst. C. A. 1012, 7, 0X7. Cf. 1C. Harworth, l.b .S. P. 20X702; .abst. J. 
.S. C. I. 18.82, 2, 41. 

li. G. de Beehi, 1C. P. 0020, 1000; 4240, 101.2; abst. C. A. 1014, 8 , 2008; 
J. S. C. 1. 101^, 32, ,510. 
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been disatssed by F. DempwoHT,’ W. Reinders,“ and by C. Ban¬ 
nister.’ On heating to 450° lead sulfate is principally formed. 
At higher temperatures SO 2 is evolved, but no SO 3 until' aH the 
lead is converted into sulfate. At this .stage mixtures of SO 2 
and SO 3 in varying proportions areforified, until at 700° the ratio 
is SO 2 : SO.i" 05: 55. At higher temperatures reduction sets in. 

The Composition of Burner Gases. The ga.ses from pyrites 
or blende burners, if intended for utilization in the contact proc¬ 
ess, will require careful purification.'* For the chamber process, 
only dust is removed. 

The chemical reactions taking place in the productiori of 
sulfur dioxide by the various technical processes are as follows; 

S 4- Oi = .SOs 
4Ke.Sj 4- 1 lOj = KSOj 4- 
2ZnS 4- •402 = 2 SO 2 4- 2ZnO 
2 H 2 S 4- 4 O 3 - 2 SO 2 4- 2H2(t 

Frqni these equations, and bearing in mind the fact that the 
air contains 25% (by weight) 20.9%. by volume of oxygen, and 
77% (by weight), 79.1% by volume of nitrogen (argon, etc.), the 
composition of any burner gas may be calculated when the amount 
of air used, and the percentage of sulfur burnt in the ore are known. 
In practice, however, it is necessary to take account of the sulfur 
trioxide always formed in burner gas, especially from pyrites 
burners from contact with the iron oxide which acts as catalyst.’ 
This usually amounts to about 15% or more of the total sulfur 

1. Mctall u. Krz, 1914. 019; Clicm. Ztg. Rep. 191.5, 39, 127. 

2. Zts. anorg. Chem. 191.5, 93, 21.'i; abst. J. S. C. 1. 1910, 35, fUT. 

a. last. Min. Metall. 1912, Keb. 8th; ab.st. J. S..C. 1. 1912, 31, 28,5. 
.Sec also A, Boult, E. P. 2801, 190.5. India P. Appl. 3;ja, 1900. L. Bradford, 
E. P. 19814, 1914; abst, J. .S. C. I. 1915, 34, 182. D. Fit/.-Gerald, E. P. 
2481, 1875. J. Liardet and T. Donnithornc, E. P. 120, 1882. 

4. I. Eihme, U. .S. P. 1103.522; abst. C. A. 1914,8,3102; Zts, ang. Chem. 
1916, 29, I, 110; Mon. Sci. 1914, 81, 178. Metallbank und Metallurgische 
Gcs., F. P. 4,50.524; abst. C. A. 1914, 8, 1800; Chem. Ztg. Rep. 1914, 38, 51. 
J. Herreshoff and General Chemical Co,, U. .S. P. 940945, 1113437; abst. 
C. A. 1914, 8 , 3842. E. Moller, I). R. P. 270757; abst. C. A. 1914, 8 , 2232; 
Zts. ang. Chem. 1914, 27, 220; Chem. Ztg. Rep. 1914, 38, 1.59; Wag. Jahr. 
1914, 60, I, 422. 

5. Plattner, llic mctallurgischcn R6stproce,ssc. Fortmanu, Dingl. 
Poly. 1808, 187, 155. Scheurer-Kcstner, Bull. Soc. Chini. 1875, 23, 437; 
1886, 45, 227; abst. J. S, C. I. 1886, 5, 324. F. Bode and Scheurer-Kestner, 
Dingl. Poly. 1875, 218, 325; 1876, 219, 512. G. Lunge and F. Salathe, Ber. 
1877, 10, 1824. G. Lunge, Chem. Ztg. 188:1, 7, 29. W. Hcnipcl, Ber. 1890, 
23, 1465. vSeheurer-Kestner, Bull. Soc. Chim. 188.5, 43, 9; 44, 98. F. Fischer, 
Dingl. Poly. 1885, 258, 28. Cf. Ber. 1874, 7, 1065. E. Collett and M. 
Eckardt, Norw. P. 20273. Belg. P. 2111311, 1910. 
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in pyrites gas, tlie gases from blende uslially containing more. 
In practice, brimstone gas usually contains 10'X - 11 < by volume 
of SO 2 , and pyrites gas 7%-8%.' 

The composition of the burner gas and the amount of oxygen 
in the exit gas from the chambers are usually determined. The 
amount of sulfur dioxide may be estimated by Reich’s method,- 
consisting in inserting in the burner flue a tube, through which 
gas is slowly aspirated into a solution containing 10 cc. iV/lO 
iodine solution in 50 cc. water, together with a little starch and 
sodium bicarbonate until the color is discharged. The volume 
of the water u.sed, plus 11.7:1 cc. for the S()> absorbed by 10 cc. 
iV TO iodine, gives the volume of burner gas. If the process is 
conducted as far as the total discharge of the color as is usual, the 
result is always too low', as some S()> escapes alisorption iu the 
last .stages. It is more accurate, but less rapid, to titrate back 
the excess of iodine. The absorption bottle is about TOO cc. 
capacity, fitted with a double-hole rubber stopper, the inlet tube 
reaching to within '/4 in. of the bottom, and drawn out to a fine 
point. The other tube is connected with the aspirator. At the 
end of the absorption the rate of gas should be very slow', and 
the end-point a faint lavender tinge. Rapid bubbling gives in¬ 
accurate results. The reaction is: L. -f SO 2 + 21 I 2 O = 2HI -f 
HiSt > 4 . The inaccuracy is caused by the presence of nitrogen oxides 
in the gases if the test is made after the niter-pots, and is small; 
but a little sodium acetate solution may be adiled to the absorp¬ 
tion mixture when such gases are tested." This method gives 
only the vS 02 contained in the gas, and takes no account of the 
SO 3 , usually present in appreciable amounts. For the purpose of 
estimating the total acidity of the gases, (1. Lunge' aspirated 
through 10 cc. Al/lO NaOH, diluted with water to 100 200 cc. 
and colored with phenolphthalcin. The gas is aspirated slowly 
with continuous shaking, as in the Reich test, until the color is 
discharged. 

• The oxygen in the burner gas is not usually determined, 
although this is done with the exit gas. The estimation may be 
made in the usual way with alkaline pyrogallol in an Orsat or 

1. * W. Crowder, J. S. C. I. 1891, 10, 298. 

2. J. ,S. C. I. 1890, 9, 1014. 

3. K. RasJhig, Zts. aiig. Chem. 1909, 22, 1182. 

4. J. S. C. I. 11^0, 9v 1014. 
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Other similar apparatus. The reagent consists of 10 gm. pyro- 
gallol and 25 gin. stick potash in 400 cc. water. Phosphorus may 
be used if the temperature is kept above 10°, and half an hour 
allowed for the absorption. It is possl'ble to estimate the vSO,. 
and oxides of nitrogen in a gas simultaneously.' 

Sulfur Dioxide from Sulfates. Attempts have been made to 
obtain sulfur dioxide for the manufacture of sulfuric acid from 
cheap metallic sulfates such as gyp.suni. h. Basset- mixes gyp¬ 
sum with clay and coal and treats with superheated steam at 
000 ° in an oxidizing atmosphere to obtain sulfur dioxide and 
cement. Nearly all the proces.ses aim at the simnltaneous pro¬ 
duction of cement. F. Meyer' heats a mixture of gypsum, silica 
and pyrites, the latter being added in such amount as to provide, 
on combustion, the heat necessary for the reaction between the 
gypsum and silica. A. Bambach' heats the sulfate to redness in 
contact with a burning mixture of gas and air, an excess of oxygen 
being used, or first with a reducing flame and then with air, the 
process being also applicable to sulfides. R. Wedekind & Co.'’ 
claim the same process as described by F. Meyer. F'. Slanes and 
O. Roge" heat sulfur with sodium or other acid sulfate in absence 
of free oxygen, the residue of monosulfite being converted into 
bisulfite by SO 2 . L. Nonnet^ adds gum arable to a mixture 
of equal parts of alkali bi.sulfite and sodium thiosulfate which has 
been fu.sed in its water of crystallization, and granulates the mix¬ 
ture. The granules evolve .SOo in contact with water. J. Kier- 
maycr** reduces cnide potassium salts containing magnesium sul¬ 
fate by fusing with coke, a mixture of carbon dioxide and sulfur 
dioxide being evolved. 

Other Sources of Sulfur Dioxide, besides those already con¬ 
sidered include, as the most important, the spent oxide of iron 

1. G. Lunge and P. Nacf, Chein. Ind. 1884, 7, .5. 

2. E. P. 12027, 1912: 17878, 1918; ir)012, 1918. E. P. 428019, 1010. 
U. .S. P. 110804H, 1910; abst. C. A. 1912, 8, 2148; J. S. C. I. 1918, 32, 1012; 
1910, 3S, 2,50. 

3. U. S. P. 1008847; abst. C. A. 1912, 6, 277. 

4. E. P. 4700.'.2, 1914; abst. J. S. C. 1. 191.5, 34, 282. K. P. 8174, 1914; 

abst. J. S. C. I. 191.5, 34, 90.5. 1). R. P. Anm. P-80(i92. 

.5. fi. P.20180, 1910; abst. C. A. 1911, 5, 2920; J. S. C. I. 1911,30,802. 

0. E. P. 1800.5, 1914; abst. J. .S. C. I. 191'), 34, 901; Ann. Rep. Six’. 
Chem. Ind. 1910,1, 118. 

7. E. P. 20999, 1912; E. P. 4.50804, 1912; abst. J. S. C. 1. 1918, 32, 
002,977. See also R. Tusoii, E. P. .51.59, 1878. 

8. D. R. P. 81277.5, 1910; ab.st. J. .S, C. I. 1919, 38,1K)1-A. 
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mass used in the purification of coal-gas. * This material (p. lO.'tl) 
is gei*rally wa.shed to separate ammonium salts, and frequently 
treated for the recovery of ferrocyanides and thiocyanates con¬ 
tained therein. The residue then consists of ferric oxide, with 
varying amounts of free sulfur, the maximum amount being about 
5H%. Tfiis oxide is now usually burnt in rotary mechanical fur¬ 
naces of the HerresholT type, but gives a very dusty gas which 
requires efhcicnt dust separators. It has been stated that when 
spent-oxide is used for the manufacture of chamber acid, an 
additional amount of niter is required on account of the tarry mat¬ 
ters contained in it whicfi require oxidation. This ought not to 
be the case, as all tarry matter should be completely oxidized in 
the burners, and not allowed to ])ass over to the chambers. This 
is easy to ensure with proper regulation of air-supply. 
Proposals to extract the tar before burning' are therefore un¬ 
necessary. It should be mentioned that calcium carbonate is 
often present in the spent-oxide, and that this retains a portion 
of the sulfur as calcium sulfate, causing loss. This must be taken 
into consideration in analyzing the oxide. In the so-called “direct 
process’’ of K. Burkheiser,- it has been attempted to recover the 
sulfur of coal-gas as ammonium sulfate, but does not seem to 
have been successful. 

Another source of sulfur dioxide is the alkali-waste of the 
Leblanc process, which is usually treated first to recover hy¬ 
drogen sulfide by the method of Chance, and the gas then 
treated by the Claus process to recover sulfur (p. 102!)), which 
is burnt in the ordinary way. Proposals to burn the hydrogen 
sulfide directly to sulfur dioxide in burners have not been 
adopted to any extent," the general ophiion being that it is less 
expensive to separate the sulfur first by the Claus process. The 
burners are of simple type, consisting of a jet for tin; supply of 
gas, with apertures for the admission of air, and a brick chamber 

1. B. Newlands, JJ. P. .TOO, 18(i8. 

■ ‘2. n. R. P. giy.'il.y H)08; al)st C. A. 1910, 4, 1.5:11; Wag. Jalir. 1910, 

S6, I, -tl; Cliem. Zentr. 1910, 81, I, 490; Chriii. Zlg. Rup. 1910, 34, 19; Zts. 
ang. Chem. 1910. 23, 174; Jahr. Chem. 1909, 62, I, 020; Chciii. Zts. 1910, 
9, No. 1758. 

:t IC. Bombard, Mon, Sci, 1889, 34, 121)1. J. ,Sinipsoii and K. Parnell, 
K. P. 14711, 1880. R. Biirth, D. R. P. 2;)51,57; alwt. C. A. 1911, 5, ;)148; 
Zts. ang. Chem. 1911, 24, 144.5; Chem. Zentr. 1911, 82, 11, 118; Chem. Ztg. 
Rep. 1911, 35, :B8; Wag. Jahr. 1911, 57, 1, 483. 
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with baffle walls in which the combustion occurs. It might be 
possible to improve the process by using some type of Bunsen 
burner, with pre-heating of the gases. 

Proposals to extract the sulfur dioxide? from smoke and fire- 
gases' probably have in mind more to render the gases innocuous 
prior to their discharge into the atmosphere; they are hardly 
worthy of serious consideration as a source of SO 2 . 

The methods of treating waste sulfite cellulose liquors, and 
the recovery of the sulfur, have formed the subject of many 
1. D. Peiiiakoff, K. P. 2I47C, 1912; abst. J. vS. C. I. 1913. 32, 424. 
tJ. Wedge. U. S. P. 1039464; abst. C. A. 1912, 6 , 3499; Chem. Ztg. Rep. 
1913. 37, .32. K. Takcda, E. P. 7272, 1913; abst. J. S. C. I. 1914, 33, 300; 
Chem. Ztg. Rep. 191.3, 39, Cic. Indust, des AIcools de rArdeche, E. P- 

914.3, liKli); ab.st. C. A. 1910, 4, 0.33. Belg. P. 21.349.3, 1909. Swiss P- 

47574, 1909. E. Eustis, U. S. P. 1212199, 1917; 126.3892, 120.389.3, 1918; 
abst. J. S. C. I. 1917, 36, .389; 1918, 37, 414-A; C. A. 1918, 12, 1090. H. 
Kiihne, E. P. 17520, 1908; abst. C. A. 1910, 4, 6,32. Australian P. 120)37, 
1908. S. Osborn, ct al„ E. P. 0461, 1909; abst. C. A. 1911, 5, 102. D. 
PeniakolT, E, P. 21470, 1912. F. P. 459920. W. Ramsay, E. P. 1427. 188.3. 
K. Schnabek, E. P. 1893, 1881. A. Scott and A. Meyer, F. P. 4.392.38, 1912; 
abst. J. S. C. I. 1912, 31, 722. W. Thorp, E. P. 8862, 1889. U. Wedge, 
U. S. P. 1046915; abst. C. A. 191,3, 7, 685. U. Wedge and F. Eustis, U, S. 

P. 1260492; abst. C. A. 1918, 12, 1499. H. Wislicenus, E. P. 10009, 1908. 

U. S. P. 988920. D. R. P. 228922, 229070. Swiss P. 14774. F. P. 3979.33. 

Belg. P. 2129.30. Norw. P. 19(KK3. Aust. P. 4.3.391. See also “Ueber die 

Abgasfrage,” 1912. S. Young, 11. S. P. 120229.3; abst. C. A. 1918, 12, 1688. 
See also J. Gamer, 0. S. P. 1145.379. J. Gamer and H. Clayton, U. S. P. 
117.3.360. See also U. S. P. Re-14277, 1917. T. Murray and E. Ricketts, 
U. S. P. 11.32079. Reuss, Rauch uiid Staub, 1914, 102. ICicke, Rauch und 
Staub, 1913, 102. Rippert, Gluckauf, 1912, 1992, 2020. I. Moscicki, D. 
R. P. 2.36.395. H. Falsche, D. R. P. 271786. H. Zschocke, D. R. P. 282088. 
R. Hasenclever, I). R. P. 17;i7I; Wag. Jahr. 1881, 27, 17;3. Wislicenus and 
Isachsen, D. R. P. 124900. O. Schott, Dingl. Poly. 1870, 221, 142. Thirion, 
F. P. Feb. 28, 1874. C. Hcring, “Die Verdichtung des Hiittenrauches,” 
1888. Schnabel, Mctallhuttenkunde; ii, p. 58. E. Haworth, U. S. P. 268793, 
1882. M. Freytag, D. R. P. 9969, 14928, 16.340. J. Babe and H. Pape, 

D. ‘ R. P. 187381; E. P. 19973, 1906; Belg. P. 202371, 1907. H. Howard, 
U. S. P. 889132. F. Borchers, Chem. Zentr. 1909, 80, H, 1177. V. Drewsen, 
U. S. P. 492196, 981625. J. Edmunds, E. P. 8(K)6, 1910. H. Burbury, F. P. 
420.396, 1910, and addition 137.32, 1911. Rayner and Crookes, K. P. 2678, 

187.3. Bernoulli, Wag. Jahr. 1880, 26, 184. R. Hasenclever, T). R. P. 10710. 

E. Jensch, Wag. Jahr. 1889, 35, 321. H. Spitta, D. R. P. 110388. Egestorfl’s 
Salzwcrke. D. R. P. 70390. C. Winkler, D. R. P. 7174. R. Carpenter, 
36th Alkali Rept., 1899, 25, 20. H. Prccht, E. P. 3443, 1881. M. Lyte, 
J. S. C. I. 1882, 1, 165. Schnabel, Wag. Jahr. 1882, 28, 266. U. R. P. 
16860. E. P. .3416, 1881. T. Flcitmarin, D. R. P. 17397. C. Winkler, 
D. R. P. 1442.5. W. Thorp, E. P. 8862, 1889. R. Rossler, Dingl. Poly. 
1881, 242, 278; abst. Wag. Jahr. 1881, 27, 184. D. R. P. 228.50. G. Friese. 
Chem. Ind. 1895, 18, 137. Landsberg, D. R. P. 6364. C. Winkler, Wag. 
Jahr. 1880, 26, 245; Chem. Ind. 1880, 3, 126. Kosmann, Wag. Jahr. 1882, 
28, 270. A. Allen, E. P. 189, 1879. Vivian, "Proceedings of the Subscrioers 
to the Fund for obviating the inconvenience arising from the, Smoke pro¬ 
duced by smelting Copper Ores," Eondon,. 183,3. . M. Schroeder and E. 
Haenisch, D. R. P. 33100, 361761. L. Beoielmans, D. R..P. 77335. 
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recent patents.' The different types of arrangement comprize (1) 
those in which the blow-off gases and liquor are taken off together, 
coolAi, and conducted into the absorption plant, which is full of 
liquor; (2) those which are discharged from the digesters sep¬ 
arately from the gases; (.'}) and those where the separation of the 
gas and liquid is effected in a special vessel outside the digester. 

Preparation of sulfur dioxide from niter-cake,- petroleum acid- 
sludge,-' sewage,' carbon disulfide,* metallic oxides and sulfides in 
the electric furnace,® have been described. 

A solution of sulfurous acid may be obtained by treating a 
solution of calcium or sodium bisulfite with oxalic acid,' but is 
more conveniently prepared by the ab.sorption of the gas, as will 
subsequently be described. 

For the preparation of bisulfites, see K. Carey and I'. Hurtcr,® 
and on the electrolytic oxidation of sulfurous acid consult M. and 
N. Thompson.'■*' 

Absorption of Sulfur Dioxide. Reference has been made in 

1. H. Achenliach, D. R. P. 252412. W. Dickerson, U. ,S. P. Il).5lt7lll, 
1913; abst. J, .S. C. I. 1913, 32, .531. A. Kiilm, Woclienbl. Paijicrfahr 191(1, 
2139, 2179, 2233, 2270; Cheni. 7Ag. Rep. 1917, 41, 148; abst. J. .S. C. 1. 1917, 
36, (139. M. Platsch, K. P. ]9(i(K), 1912. A. Richter and L. Dunbar, U. S. 
P, 1213414, 1213415, 1917; abst. J. .S. C. I. 1917, 36, 334. A. .Stutzer, Clteni. 
Ztg. 1910, 29, 1370. N. H(.Hlgkins, U. S. P. ()7,S171(, 1901. A. Kuntfniiller 
and E. Schultgcn, D. R. P. 81338, 83438; abst. Wag. Jahr. l.S9,5, 41, 1027; 
Zts. ,ang. Chom. 189,5, 8, 395; 1890, 9, 25. E. Kmldsky, I). R. P. 23.58(i; 
abst. Wag. Jahr. 1883, 29, 272. 

2. Chetii. h'abrik Griiiuui, l.andsholT S: Meyer, A. O., K. P. 0898, 
1904; abst. J. S. C. I, 1905, 24, 190: J. vS(K. Dyers Col. 190.5, 21, 113. W. 
Garroway, K. P. 12986, 1905; abst. J. ,8. C. I. 19(.)0, 25, .536. II. Elworthy 
and D. I.ange, K. P. 352254; abst. Chem. Zts. 1905, 4, 370; Mon. Sci. 1900, 
65, 103. 

3. G. Schildhaus and C. Condrea, U. ,S. P. 950184; abst. Cheni. Ztg. 
Rep. 1910, 34, 331; Mon. ,Sci. 1910, 73, 129. J. and A. Hlovvski, U. S. P. 
1010221. K. Southby, E. P. 1909, 1808. 

4. p;. Hills and 11. Biggs, E. P. 3404, 1872. 

5. J. Harvey, E. P. 4624, 1870. 

0. M. Kuthenburg, E. P. 28120, 1910; abst. J. .S. C. 1. 1912, 31, 040. 
C. d’Ogny, E. P. 16.523, 1914. 

7. E. Bond, E. F. 2247, 1877. 

8. E. P. .5412, 1882. 

9. Met. Cheni. Eng. 1910, 15, 077; abst. J. S. C. I. 1917, 36, 81, 

10. E'or other methods of obtaining .SO;, consult . H. Burbury, IC. P. 

• 2140, 1912; abst. C. A. 1913, 7, 2450, E. Descamps, li. P. I009;19, 1910; 
abst. J. S. C. I. 1916, 35, 963. P. Coiitamin, IJ. S. P. 990215; abst. C. A. 
1911, 5, 2706. J. Garner and H. Clayton, 11. S. P. 1173.500, 1910; abst. 
J. S. C, I. 1917, 36, ,504. E. Noniiet, E. P. 4.50804, 1912; abst. J. S. C. I. 1913, 
32, 002. The Thiogen Co., E. P. 4.50780, 1912; abst. J, ,S, C. I. 1913, 32, 
f)02.’ E. P. .508, 1807; 409, 1809; 1770, 1870 ; 3700, 1873; 1.85, 2893, 1871; 
1773, 4751, 1870 ; 21.5, 3.50, 1878 ; 2000, 1879 ; 5410, .5574, 1.S8I; 9.5,5, 1107, 
1005, 2930, .3007, 6064, 1882; 8912, 18.85; 20494, 1909; 21470, 20999, 1912. 
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the preceding section to the methods of absorbing sulfur dioxide 
from smoke and other \iilute gases. If a cohcentrated solution 
of SO 2 gas is required (liquid sulfurous acid), it is most readily 
prepared in ordinary absorption towers,* Absorption under pres¬ 
sure,** in apparatus with •water-sprays,*' and in alcohol,' have been 
proposed. 

A special absorption tower devized by K Ilanisch and M. 
Schroeder' utilizes the mixtures of sulfur dioxide and steam given 
off during the heating of a dilute solution of SO 2 , and acts as a recti¬ 
fier. The mixture of gases enters the ba.se of a lead tower, the lower 
half of which is filled with plates, the upper part containing coke. 
A fine spray of cold water falls from the top of the tower in such 
quantity that it just serves to condense the water vapor, which 
gives up its heat to the condensed water and maintains its tem¬ 
perature at about 100°. At this temperature the water can retain 
only 0.1 %-()..')'}[ SOj, and almost pure water collects at the bot¬ 
tom of fehe tow'er, while sulfur dioxide containing the minimum 
amount of moisture passes out of the top of the tower and is dried 

1. J. Partington and I,. Parker, J. S. C. I. I'.lll), 38, T.'j, H. Howard, 
f. S. P. 8811132, 1008; abst. J. S. C. 1. 1008, 27, 08.a. F. Coombs, V. S. P. 
1117370; abst. Chem. Ztg. Rep. 1010, 40, 110. J. Ivdmnnds, E. P. 8000, 
1010; abst. J. H. C. 1. 1011, 30, S.r. F. Carpenter, f. S. P. 82070.'), 1000; 
abst. Chem. Ztg. Rep. 1000, 30, 3r)2; .Mon, Sci. 1007, 07, l.')2. M. Halscliek, 

T. '. S. P, 101011, 1870. W. Holshiiuser, 1). R. P. 40104; abst. Wag. Jahr. 
1880, 35, 303. W. Jones, U. S. P. 18.5040, 1870; 188801, 107474, 1877. A. 
Reynoso, 1.*. .S. P. 18.5004, 1877. H. Nlonrc and (1. Richter, V. S. P. 
131.5180, 1010. K. Ritter and C. Kellner, U. .S, P. 338.5.57, 33.8.5.58, 1880. 
F. Randon, U. S. P. 337107; abst. J. A. C, S. 1.8.80, 8 , 08, J, Klinghamiiier, 
D. R. P. 0380; abst. J. A. C. S. 1870, 1, 4.50. Norddeutsehe Htitte .A.-tl. 
and liehrens, E. P. 134.5.5.5; abst. J. S. C. I. 1010, 38, 032-.\. IC. Kspenhahn, 

U, S, P. 131.5183, 1910; E. P. 134013, 1018; abst. J. ,8. C. 1. 1010, 38, 81.8 A; 
1020, 39, 23-A. E. P. 134043, 1020. !•;. Collett, Norw. P. 22807; abst. 
Chem, Ztg. 1013, 37, 44. W. Feld, Gasabteilung, G, m. b. 11,, I). R. P. 
314027; atrst. J. S. C. I. 1020, 39, 100-A, See also 1), R. P. Aiim. 1L33072; 
abst. Chem. Ztg. 1013, 37, 320. 

2. H. Frasch, U. S. P. 71.5778, 1002; abst. J. S. C. I. 1003, 22, 03. 

3. H. Burbury, Iv P. 2140, 1012, F. P. 420.500, 1010, and addition of 
Jan. 27, 1911; ab.st. J. S. C. I. 1011, 30, 1012: 1013, 32, 234. Cf. E. P. 
2008, 1870 ; 007, 1874 ; 0401, 1000, 8000, 1010; F, Carlisle, U. S. P. 284817, 
1883, M, Griffin, Pa])cr, 21, 04. 

4. M. Kaltenbach, C. S. P. 1200081; abst. C. A, 1018, 12, 1499; J. S. 
C. 1. 1918, 37, 302 A; Mon. Sci, 1918, 85, 47. 

5. U. ,S. P. 370883, 1888; 41041.5, 1889; abst. J. A. C. S. 1888, 10, 49. 
See also W. Cossage, E. P. 3700, 1809, T. Webb, E. P. 1.515, 11«)1; abst. 
J. S. C. I. 1902, 21, 2.53. P. Marcclin and E. Ende, U. S. P. 28078, 1800. 
P. Marcelin, U. S. P. 123713, 1.872. 1. McDoiigall, U. S. P. 311.595, 1885; 
abst. J. A. C. S. 1885, 7, 07; Wag. Jahr. 1885, 31, 208. W. Maynard,'U. S. 
P. 180901, 1870. 
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by ineanr. of sulfuric acid of at least ninety per cent, concentration. 

The absorption of sulfur dioxide iiF dicalciuin phosphate has 
been* advocated:' 2 CaHP 04 + 2SOi h 2 H. 4 O = CafllaPO.Oa + 
CaClISOs)'*. Oil heating the product to 100° all the sulfur dioxide 
is expelled, and dicalciuin phosphate regenerated. 

Gas masks for use in atmospheres containing sulfur dioxide 
have been described by A. Fiddlier and vS. Katz.- They recoin 
mend a standard army gas mask, the canister of which is charged 
with soda lime and cotton wadding. 

Purification of Sulfur Dioxide. As obtained from brimstone 
and pyrites burners, sulfur dioxide contains many impurities. 
The gas from brimstone usually contains little besides sulfur 
trioxide (both gases, of course, being diluted with nitrogen), but 
when the brimstone contains arsenic or selenium, oxides of these 
elements may be present in the burner gas. If the gas is employed 
for the manufaclnre of chamber acid the presence of these impur¬ 
ities is of no consc((uence, but if used in the contact process it 
must be carefully purified. Pyrites gas, on the other hand, is 
contaminated with various impurities, and contains in addition 
a considerable amount of dust, chiefly iron oxide mechanically 
carried over from the kilns. This dust is present in large amounts 
if mechanical burners working with pyrites smalts or spent-oxide, 
are employed, and methods are necessary to remo\’e it before the 
gas passes to the chamber plant. The pyrites gas also nearly 
always contains arsenic, freciucntly small amounts of selenium 
and thallium, and other substances, which are not usually re¬ 
moved by special means in connection with the chamber process 
but must be rigorou.sly separated if the gas is to be treated by 
the contact process. 

The separation of the following impurities from burner gas 
is considered herein. 

(1) Dust, mechanically carried over. 

(2) Sulfur trioxide and sulfuric acid fog. 

(8) Arsenic and other impurities. 

Dust is separable from burner gas by passage tlirough flues 

1. I). R. P. IGO'.MU; alwt. Cliem. Ceiitr. IDOe, 76, II, ,S9; Jahr. Cheni. 

KIO.') 1!)08, I, l.V)7; Clioni. Zls. liKKi, 5, liXG; Chem. Ztg. liMl.'i, 29, (DO; Wag. 
Jahr. 10().5, 51, I, Sec also IC. lispetihahn, tJ. S. 1’. 1315180, 1910; 

abst. J. S. C. 1. 1011), 38, 818-A. 

2. Clnipi, Met. Kng. 1919, 20, 582. 
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and chambers, usually of brickwork, provided with baffles. The 
gas from mechanical bifrners requires a much more efficient dust- 
separator than that from hand-fired kilns, and for this purpose a 
brickwork chamber filled with broken bricks resting on bars is 
used. These bars are moved daily in order tp let down a portion 
of the brickwork, which is replaced by fresh brickwork fed in at 
the top. Care must be exercised that the cooling surface pre¬ 
sented to the gas is not excessive, or it may enter the Glover tower 
at too low a temperature. A considerable amount of dust is 
inevitably carried over to this tower, forming a mud or sludge in 
the acid. 

The flues for conveying the burner gases may be of brickwork 
up to where there is a pos.sibility of condensation of liquid acid 
from the gases, from which point they must be of cast-iron, or, 
if the temperature is low enough, of lead, the gases usually not 
being cooled where a Glover tower is used. The flue du.st which 
collects .must be removed periodically, as it soon hardens to a 
stonelike mass. Its composition is variable.* 

A centrifugal dust-catcher has been devized by F. Falding.^ 
A magnetic separator has been described,* but is probably not in 
use. Numerous special types of dust separators have from time 
to time been advocated, few of which appear to have been in¬ 
stalled.* 

The gases u.sed for the manufacture of sulfite cellulose must 

1. Bauer, Jahr. f. Berg. u. Hiittenw. 1894, .89, K. Bellingrodt, Chem. 
,Ztg. 1888, 10, 1039. li. Gibhon, Chetn. Trade J. 190.5, 36, 88. G. Krause, 

D. K, P. .5.5670; abst. Zts, ang. Chera. 1891, 4, 248; Wag. Jahr. 1891, 37, 
273; Ber. 1891, 24, 604; Mon. Sei. 1891, 38, 65.5. D. Playfair, Chem. News, 
1879, 39, 245. F. Reich, J. prakt. Chem. 18611, 90, 176, C, Hering, "Die 
Verdichtung des Hiittenrauchs,” 1888, 8. See also Freiburger Jahrbuch, 
1879, 1.51. 

2. F. Falding, Min. Ind. 9, 623. 

3. J. Morton and United Alkali Co., E. P. 17461, 1906; abst. J. S. C. 
I. 1907, 26, 823. 

4. A. Gcyer, D. R. P. 227387; abst. Wag. Jahr. 1910, 5$, I, 628. C. 
Heine, D. R. P. 230182; abst. Chem. Ztg. Rep. 1911, 35, 84. The Metallic 
Compounds Separation Syndicate, D. R. P. 1.53641. K. Krowatschek, D. 
R. P. Anm. K-4.5.38i, 1911; abst. Zts. ang. Chem. 1911, 24, 2179. H. Howard, 
U. S. P. 896111 and Re-13090. U. S. P. 9700,5:3, 1910. E. Hartmann and 
F. Benkcr, Zts. ang. Chem. 1906, 19, 1188. Maschinenfabriken Augsburg 
und Numberg, D. R. P. 169818. R. .Scheibe, D. R. P. 1840.38; abst. Chem. 
Ztg. Rep. 1907, 31, 264. C. Reese, U. S. P. 989801, 1911. F. Benker and 

E. Hartmann, F. P. 3874.56. Scherfenberg & Prager, D. R. P. 203948. J. 
Herreshoff, U. S. P. 940.595, 940.596, 95.5067, 969868. F. Brandenburg, Zts. 
ang. Chem. 1909, 22, 2490. Wright, Eng. Min. J. 1910, 111. J. Shields, 
E. p. 163.53, 163,54, 1904. D. R. P. 180070, 180071. R. Ollarius, E- P. 
22080,1905. Soc. Bclg. Koerting, Belg. P. 251637;abst. Ztg. 1913, 37, 244. 
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be free from sulfuric acid, and this is accomplished by passing 
througli coolers consisting of perpendicular cast-iron pipes, ending 
in a lead-lined pipe with a manhole.' Selenium is distinctly 
injurious.- 

The separation of arsenic and fog from gases used in the con¬ 
tact process will be considered more in detail under that heading. 
It may be mentioned that fdtration through porous bodies," treat¬ 
ment with a shower of dilute sulfuric acid,^ or nitrous vitriol," 
hot water in a washer," cold water in a tower," filtration through 
ferric sulfate" or aluminium sulfate" or charcoal,'" or exposure to 
electrical discharges when mixed with water vapor and nitrous 
gases" have been suggested. 

In order to separate sulfuric acid mist it has been proposed 
to use dry air for the burners, when no sulfuric acid can be formed, 
or to pass the gases over carbon at high temperatures, when the 

1. Papicrztg. 1894, 2099, 2180. H. Ncmcthy, D. K. P. 4828.5, 1889; 
abst. Wag. Jalir. 1889, 35, :«);). E. Collett and M. Eckardt, D. R. P. 244841; 
abst. Wag. Jahr. 1912, 58, I, 373. T. Brigg.s, U. S. P. 1301372; abst. C. A. 
1919, 13, 1905. 

2. P. Klason and H. Mellqnist, Papierztg. 1912, 707. Swed. P, 35177, 

1911; abst. C. A. 1911, 8 , 057. vS. Young, E. P. 20482, 1912. R. Mcssel, 

U. S. P. 1078937. F. P. 414387, 1910; abst. J. .S. C. I. 1910, 29, 1203; 1913, 

32, 11,50. Wright, Pfn.?. Min. J. 1910, 90, 111. E. Asbrand, D. R. P. 243787; 
abst. Chem. Zentr. 1912, 83, I, 700. G. Pereulok, E. P, 12312, 1907; abst. 
C. A. 1908, 2, 308. See also W. Beth, D. R. P. 245.509; abst. C. A. 1912, 6, 
2344; Wag. Jahr. 1912, 58, I, 480. K. Michaclis, D. R. P. 244200; abst. C. A. 
1912, 6, 2197; Wag. Jahr. 1912, 58, 1, 48,8. Ma.schinenfabrik Buckau, D. R. 
P. 24,5319. 

3. K. Girod, E. P. 171.57, 1911. J. Shields, D. R. P. 180071, 1904;* 
abst. C. A. 1907, 1, 1937, J. Tuft.s, 11. S. P. 89111.5, 891110, 1908; abst. 
J. S. C. 1. 1908, 27, 750. 

4. A. Diiron, Iv. P. 9809, 1910; abst. C. A. 1911, 5, 3133. C. Reese, 

U. S. P. 989801; abst. C. A. 1911, 5, 21,59. J. HerresholT, U. ,8. P. 940595t 

abst. C. A. 1910, 4, 499. 

5. E. Girod, E. P. 171.57, 1911; abst. C. A. 1913, 7, .103; J. S. C. 1. 1912, 
31, 687. 

0. E. Basset, E. P. 20007, 1913; abst, Chem. Ztg. 1915, 39, 147. 

7. H. Hcgeler, U. S. P. 931808; abst. C. A. 1909, 3, 2019. 

8. A. Diiron and E. Hartmann, li. P. 9809, 1910; abst. C. A. 1911, 5, 
3133; J. S. C, I. 1911, 30, 021. Belg. P. 2204,58, 1910. 

9. F. Projahn, D. R. P. 221847; abst. Zts. ang. Chem. 1910, 23, 1531; 
•Chem. Zentr. 1910, 81., I, 1904; Jahr. Chem. 1910, 63, I, 010; Zts. Schiess. 
Spreng. 1910, 5, 2,56; Chem. Ztg. Rep. 1910, 34, 259; Wag. Jahr. 1910, 56, 
I, 417; Mon, Sci. 1914, 81, 70. 

10. A. Allen, E. P. 189, 1879; ab.st. J. A. C. S. 1880, 2, 71. 

11. U. S. P. 1022012, 1912; abst. J. S. C. I. 1912, 31, 489. See also 
Badisthe Anilin & Sodafabrik, D. R. P. 159976; abst. Wag. Jahr. 1905, 51, 
I, 390. 

12. H. Humphries, E. P. 10810, 1912; abst. J. S. C. I. 1913, 32, 141. 
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sulfuric acid is reduced. V A combined apparatus has been de¬ 
scribed.- ‘ 

The pftrification of burner gas from chlorine" is necessary 
for the contact process; this is done by washing with milk of lime. 
Fluorine may be removed' by treatment with sulfuric acid and 
nitrous vitri(5l." 

Liquid Sulfur Dioxide. For the preparation of liquid sulfur 
dioxide a pure gas is necessary. It may be best for this purpose 
to prepare the gas by a chemical process, such as the action of 
strong sulfuric acid on copper, carbon, sulfur, pyrites,® by heating 
ferrous sulfate with sulfur,' or by the purification of burner-gas." 

Liquid sulfur dioxide was first made on a large scale by R. 
Pictet,® who employed it as a refrigerant. 'I'he best known 
process used in its manufacture is that of li. Ilaenisch and M. 
Schroeder,'® in use in Rhenish Prussia, Silesia and for a time at 

1 K Mcssel K. p. 22fi72, I90i). 1). R. P. 220221, HK)',); abst. C. A. 

mil 5 1250, 2!)t6; J. S. C. I. 1011), 29, 12.-)(); Zts. ans. Chem. 1910, 23, 
2(198; Chem. Zentr. 1910, 81, 11, 12.54; Jahr. Chem. 191(1 63, I, .508; thene 
Ztg. Rep. 1910, 34, .510; 1911, 35, 2; Wag. Jahr. 1910, 56, 1, 418; Mon. bei. 

1914, 81, 82, 87; Zts. Schiess. Spreng. 1910, 5, 440. 

2. Metallurgische Oesellschaft, Frankfurt, D. R. P. 1()10W; ab.st. Zts. 
ang. Chem. 190.5, 18, 1404; Chem. Centr. 1905, 76, 11. 90- Chem. Zts. I90(>. 
5, 288; Chem. Ztg. 190.5, 29, 044; Wag. Jahr. PJOo, 51, 1, .190. fentelew 
Chemical Co., F. P. 431007. ^ . r,. 

2 Tentclew Chemic.al Co., 1). R. P. 194170, 220o8a; “'"'J*' f'"!' 

Chem. 1908, 21, 921; 1911, 24, 425; Chem. Ztg. Rep. 190,8, 32, 94; 1.111, 
35, 9.5-Wag. Jahr. 1908, 54, I, 208. 

4. H. Klencke, F. P. 408117; abst. Mon. Sei. 1911, 75, 14o. 

5. Other processes are; J. Illanc, IJ. S. P. 1024.574, 1912; abst. J^ , . 
C*. I. 1912, 31, 815. Cie. Indiistrielle ties Procedes R. Pictet, Iv. P. .b 14. 
1882 D R P. 22205 ; abst. Wag. Jahr. 188;l, 29, 208. H. Frasch, U. 8. I. 
71.5778 ltK)2; abst. J. S. C. 1. 1902, 22, 92. Badischc Anilm und bodafabnk. 
D R P. 287471. J. HcrresholT, II. S. P. 1112427. R. Ccllarftis, p_. R- I- 
203941. F:. lllingsworth, li. P. 8218, 1912. A. .McDougall, R- P- 1I;>; 

P Wedge and F. F.ustis, U. .S. P. 1200492; abst. C. A. 1918, 12, 14.1.1. .See 

Kxptl. Rep. No. 41, H. M. Factory, Gretna. 8,... 

0 P Hart E P. 129.50, 18.8.5; abst. Wag. Jahr. 1887, 33, 49/. .Set 
also A. Harpf, "Fliissiges Schwefeldioxyib” Stu«gaH 190(1 , . 

7. T. Terrell, E. P. 5920, 1881; abst. Wag. Jahr. 1884, 30, 2/0, 188>, 

31, 3 ^ jjjjj 'p Berliner, D. R. P. 100940; abst. Chem. Centr. 

1905, 76, II, 89. F. Car|)enter, U. S. P. 82970m abst. Chem Zts. ». 
Chem. Ztg. Rep. IDOti, 30, 2.52; Mon. Sci. 1907, 67, lo2. P. Mann F■ ^ 

H. Hegcler and L. Heinz, lI. .8. P. 921868; abst. Chem. Ztg. Rep. 190. , 33, 
.531. M. Moulin and R. Vandoni, F. P. 432421. C^. ind. des. AlcooE de 
PArdcche. E. P. 9145, 1909; abst. J. S. C. I. 

S. P. 26;i4.57;abst. J. A. C. S. 1887, 9, 12/); Wag. Jahr. 1887, 33, 497. 

9 F P 2727, 1875. D. R. P. 22205; abst. J. S. C. I. 1881, 2, 412, 
Wag.'jahr.'1883, 29, 268. E. S. P. 191778, 1877; 20851^, 1882, 

10 E, P. 2621, 1883; 0404, 040.5, 1885; abst. J. S. C. I. V174, 
Chem. Ind. 1884, 7, 120. Zts. ang. Chem. 1888, 1, 488.. P>. R. P. .)202o. 
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Bound Brook, N. J. 'I'lie apparatus i*s soinewliat complicated. 
Thcliot burner gas (which may contain as little as 0% passes 
beneath lead pans where it is cooled, and then to the washing 
tower packed with coke, down which cold water passes. All 
the vSOa is absorbed, while the waste gases passing out into 
the air, contain but t>.0.)% S0.2 by volume. The solution 
contains about 1% SO*, and runs off by a ])ipe to the pre¬ 
heater, consisting of a number of superposed lead plates, forming 
shallow chambers 1V 2 in. deep, in which hot spent licpior and 
cold soluti(m pass in alternate sections at right angles. The cold 
acid is heated from l.‘)° to 8.')° and the hot spent liejnor is cooled 
from 9.5° to 25°. This latter runs to waste. This preheater has 
more recently been replaced by cylindrical coolers working on the 
same principle. The preheated acid now travels in succession 
through lead pans where it is heated to boiling by the burner gas, 
the vapors ])assing through a cooling worm and then t» a drying 
tower containing coke moistened with strong sulfuric acid. The 
dry SOs next passes to a pump. The boiling liquor from the 
pans, still containing some S(h, jiasses a column where it is sep¬ 
arated from the water vapor by the process described in the pre¬ 
ceding section. The water condensed in the worm also passes 
to a eoliunn to be deprived of SO.., the hot spent liquor running 
off being utilized in preheating the cold acid. To regulate the 
compression of the SO 2 a large nd)ber bag is interposed between 
the pnmp and the rest of the plant. The compressed gas entei's 
a worm and is liipiefied by cooling and pressure, e. g., 1.2(1 atm. 
at 10°, 2.24 atm. at 211°, 3.51 atm. at 30°. From the worm the 
liquid SO-, runs into a wrought-iron reservoir from which it *is 
lilled into iron bottles or into tank-wagons. I'lic re.servoir is 
provided with a blow-off valve to allow permanent gases to escape, 
these being sent back to the tower. 

H. Niedenfuhr' liquefies the vStb directly without using an 
absorption process, by pressure and cooling by expansion.’ 

Commercial liquid sulfur dioxide is usually pure, but some- 


ahst. Zts. any. Chcia. tSlHJ, 3, 414: Wag. Jalir. 1800, 36, llliO; Bcr. 1801, 


23, 511. 

1, D. R. P. 2.54044 , 2.54:302, abst. C. A. lObl, 7, 1085; J. S. C. I. lOKl, 
32, 104, 2 : 32 . 

2. H. Niedenfiihr, D. R. P. 2.54044 , 2.54:302. H. Moore and R. Wolf, 

tl. .S. P. 1001080. J. Illaiic, U. ,S. P. 10:i4.574. H. Burbury, F. P. 420,590. 
P. Pacottet, F. P.,'50.5221. 11. Humphries, F. P. 10810, 1012. L. Nonnet, 
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tinies"’contains sulfuric a'id—according to Lunge, up to 20%. 
It is stored'.in iron cylinders or tank-wagons, or, in small amounts 
in glass siphon. The pressure of the saturated vapor at different 
temperatures is given in the following table (Renault, 1802); 

Degree C.: —:ii) 20 10 0 -HO 20 .‘iO 40 r>0 

Pressure atm,., 0 ;i0 0 O:! 1.0 l 2.20 ;i.2l 4.52 0.15 S.l!) 

The bottles are not more than nine-tenths filled to allow for 
expansion, and should be tested to .50 atm. 

Properties of Sulfur Dioxide. Sulfur dioxide at the ordinary 
temperature and pressure is a colorless gas, of suffocating .smell, 
not combustible, nor does SO-, support combustion. When present 
in but small amounts in the atmosphere it has an injurious action 
on animal and vegetable life. The poisonous effect of chimney 
gas and smeltery fumes on green plants is chiefly due to the pres¬ 
ence of this gas,^ which has a distinct gennicidal action.* The 
density of the gas has been found by various observers to be from 
2.222 to 2.2-17 (air = 1); the density as found by Leduc is 2.920(1 
grams per liter at 0° and 700 mm. The cwfficient of expansion 
is greater than that of air, especially at lower temperatures 
(Amagat); and according to the lattcrs investigations, and those of 

E. P. 26999, 1912, E. P. 4.50804. I,. Basset, E. P. 20667, 191:!, M. Kal- 
teiibaeh, F. P. 481846, 1917; abst. C. A. 1917, 11, 3.19,5. 0. Wedge and F. 
EustLs, U. S. P. 1260492, 1260493, 1918; abst. J. 8. C. I. 1918, 37, ;!0l-A. 
See Chem. Ztg. 1916, 40, 80. J. Davenport, U. S. P. 131768S, 1919; abst. 
C. A. 1919, 13, 3289. 

1. A. Mather, D. R. P. 261.506; abst. C. A. 1913, 7, 32,56; Zts. ang. 
Chem, 1913, 28, 4;!8; Wag. Jahr. 1913, 59, 1, 515. Heylands Co., D. R. P. 
2.50263; abst, C. A. 191.3, 7, 6; Zts. artg. Chern. 1912, 25, 2186; Wag. Jahr, 
1912, 58, I, 514. R, Meve.s, D. R. P, 292727; abst. Zts. ang. Chem. 1916, 
29,*365; Chem. Ztg. Rep. 1916, 40, 284. See also E. I’orat, (!. .S. P. 5.85404, 
1897. D. R. P. 961.57; abst. Wag. Jahr. 1898, 44, .325; Chem. Centr, 1898, 
69, I, 1086. 

2. R. Tatlock and R. Thomson, Chem. Trade J. 1914, 396; Analyst, 
1914, 39, 203; abst. C. A. 1914, 8, 25.59. For further information on the 
action of SOj on plant and animal life, see: M. Ogata. Arch. Hygiene, 1881, 
223. F. Lehmann, Zts. ang. Chem. 1893, 6, 612, M. Freytag, Wag. Jahr. 
1873, 19, 180. J. Schroder, Wag. Jahr. 1874, 20, 277. A. .Stdekhart, Wag. 
Jahr. 1874, 20, 278. E. Fricke, Chem. Ind. 1887, 10, 492. L. Just and H. 
Heine, Chem. Ind. 1889, 12, 2.52. F. Fischer, Dingi. Poly. 1876, 220, 88. 
Morren, Chem. Trade J. 2, 188. J. Kfinig, Dingi. Poly. 1878, 2Z9, 299. 
R. Hasenclcvcr, Chem. Ind, 1879, 2, 225. S. Hamburger, J. S. C. I. 1884, 
3, 202. See A. Wider, Einwirkung von Schwefliger Satire auf Pflanzen, 
1905. Haselhof and Lindau, Die Beschiidigung der Vegetation dutch Rauch, 
1903. 

3. E. Hailer, Zts. ang. Chem. 1913, 26, II, .589; Arb, Kais. Gesundh. 
36, 297; abst. C. A. 1911, 5, 1805. 
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some of his contemporaries, tlie most proitable results are as follows: 

0° to 10“ 0.0042r« 

10“ to 20“ o.ooior) 

At 50 ° 0.00;J840 
At 100° 0 00;j757 
At 150“ 0.00S7I« 

At 200“ 0.00.'i00r, 

At 250“ 0.0030S5. 

'I'lic specific heat at ordinary temperature is 0 . loll; p;. 
Mathias' gives for this between - -20° and 120° the formula: 

5 = 0.31712 ± 0.0003.707/ + O.OOOOOlwtat* where / = °C. 

L. Caillctct and iv Mathias- have al.so determined the density of 
the saturated vapor. 

The heat of formation from rhombic sidfur is, for 1 gm.-mol. 
((U.OO gm.) 71.OS kgm. cal. according to Thomsen, or 09.20 kgm. 
cal. according to Ik-rthelot, both at constant pressure and volume. 

I'lic gas is readily liquefied, either by cooling to —10° at 
normal jtressure,^ or by tnodeiate itrcsstire at atniosptieric tem¬ 
perature (see p. 1092), forming a colorless solid at -70°. The 
latent-heat of the licpiid has the following values: 

Tcinperatiire of cvaporatiuii, C. 0 10 20 30 

I.atcnt Heat, cals. 01 2 SH.7 St.7 80.5 

The specific gravity of the liquid at 1.7° is 1.3901; its value 
;it different temperatures liaving been determined by A. Lange.'' 
'I'he litpiid does not act on iron up to 100° if pure; technical 
liquid contains a little water and slightly corrodes iron. The 
temperature at which this occurs increases with the purity of the 
substance, and since the liquid cannot dissolve more than 1% of 
water, this action can net er occur at the atmospheric temperature. 
The iron salts formed act as a protecting crust. 

Sulfttr dioxide is freely soluble in water, forming sulftirous 
acid which, how'ever, has not been isolated in the pure state. 
The solution loses SO 2 on exposure to the air, and also takes up 
oxygen to form sulfuric acid,'"’ which oxidation is considerably 
retarded by the presence of glycerol. The solubility of SOj, 

1. Coinpt. rcml. 181)1, 119 , 404; ahst Jahr. Clicm. 1804, 47 , 404. 

2. Conipt. rend. 1887, 104 , 1.50;t; ahst. Jahr. Chem. 1887, 40 , 74. 

.3. H. Gihbs, J. A. C. S. 1005, 27 , 85i; ahst. J. C. S. 1005, 88 , ii, 570. 
•I. Zt.s. aiig. Cheni. 1800, 12 , 27.5, IjOO, 505; ahst. Jahr. Chcni. 1800, 52 , 

421f 

5 V. Inirsler. Arl). d. Kaiserl. Gcsundheitsaiiits, 1014, 408; Chem. 
Ztg. 101.5, 39 , 447; ahst. C. A. 101.5, 9 , 1821. 
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under 7()0 mm. pressure, at otlier temperatures is given in the 
following table d 


Temp. 

C. 

1 -biter 
Water 
Dissolves 
bit. vSO, 

1 biter 
Watcy 
Dissolves 
Grams .SOj 

.Sp. Gr. 
Solution 

Per cent. 
SDj in 
Solytion 

-J,- 

1 later 
Solution 
Contains 
bit. SO, 

0 

79.8 

228.3 

1 .(K)09 

18..IS 

08.80 

5 

m. f) 

193.1 

1.0.19 

10.19 

.19.82 

10 

. 10,0 

101.9 

1.0.147 

13.93 

51 .38 

15 

47.3 

13.1.3 

1 .042 

11.92 

43.50 

20 

39.4 

112.7 

1.0239 

10 . 12 

:i 0.21 


The specific gravity of the .solutions is given in Chapter VIII. 

Sulfur dioxide is soluble in certain oils,- and to some extent 
in fused metals.’ At higher temperatures, in sealed tubes, the 
solution breaks up into sulfur and sulfuric acid, but hydrosul- 
furous acid is first formed;'* IllsOa + = II 2 S 2 O 4 + HjvSOi = 

2 H 2 SO 4 -f S. 

A mixture of sidfur dioxide and oxygen, when submitted l(j 
the silent electric discharge, is said to form a higher oxide of 
.sulfur, SsO;. The electrolysis of the solution produces sulfuric 
acid at the anode.’ 

Sulfur dioxide oxidizes carbon monoxide at 1000°-1200°: 
2CO -|- SO 2 = 2 CO 2 -t- ‘,' 282 ,’ traces of COS being formed.'' 

Analysis of Sulfur Dioxide. In the detection of sulfur di 
oxide the smell of the gas may be used, as it is characteristic and 
obserx’able in quite small amounts. .Sulfites are treated with 

1. H.Sims, J.C.S. 18(il,14,'I~(>: Ann. 1801, 118, Xi.'i; Zts.Chem. 1801, 
4, 370; abst. Clicm. Centr. 1801, 32, 090; Jahr. Clicm. 1801,14, .'>4, 

2. A. Guisi'lin, Mat. grasses, 6, 3144; al)st. C. A. 1913, 7, 4048. 

3. A. .Sieverts and E. Uergner, Zts. physik. Clicm. 1913,82,2.17; abst. 

J. .S. C. I. 1913, 32, 2.17. 

4. E. Jnngfleisch and E. Brunei, Compt. rend. 1913, 156, 1719; abst. 

J. .S. C. I. 1913, 32, 097. 

5. M. Thompson and A. Sullivan, Met. Chem. Eng. 1918, 18, 178; 
abst. J. S. C. I. 1918, 37, 213-A. 

0. J. Ferguson, J. A. C, .S. 1918, 40, 1620; abst. C. A. 1919, 13, I I. 

7. The photoelectric phenomena exhibited by liquid sulfur dioxide ^ 
have lieen described by J. Carvallo, Compt. rend. 191.3, 156, 1882; abst. 

J. S. C. r. 1913, 32, 7.10. See also C. Garrett, Phil, Mag. 1910, (0), 31, .10.1, 
.112; abst. C. A. 1910, 10, 28.33. A. Ditte, Ann. Chim. Phys. 1907, ( 8 ), 12, 
229; abst. Chem. Zentr. 1908, 73, I, 799; J. S. C. I. 1908, 27, .334. W. Hen¬ 
derson and H. Wei.ser, J. A. C. .S. 1913, 35, 2.39; abst. J. S. C. I. 19i:i, 32, 
361. The solubility of SOj in H 2 SO 4 is discussed in Exptl, Rep. No. 57, 
fj, M. Factory, Gretna. ‘ 
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dilutf sulfuric acid, to liberate sulfur dioxide. A more sensitive 
test is <110 liberation of iodine from potassium iodate (2Kl():i + 
.ISO, + Hist) = I 2 + L'KIbSO, + blliSO,). Pa|)cr soaked in a 
solution of potassium iodide and starch m'ay be used (see p. lOS), 
this being turned blue by traces of sulfur dioxide. If the latter 
is in excess, the paper is again bleached (I-.. + S( b + L’ll-it) = 
2HI + H'.sS() 4 ). This reaction is used in the estimation of sul- 
furous acid or, after acidilication, of sulfites. 'I'he solution is run 
from a burette into standard iodine solution, a little starch-paste 
being added when the color of tlie iodine has become very |)ale, 
and the titration continued until the blue color just disappears on 
shaking. 'I'lie iodine should not be run into the sulfite solii 
tion, as then a side reaction occurs: .Stb + IIII = 2h; + 2Hi()-|- S. 
.'Vccording to R. Bunsen,' an aciueous solution of .sulfur dioxide 
can only be quantitati\’ely oxidized to sulfuric acid by means of 
iodine if the proportion of Stb in solution does not exceed O.Ol' j. 
to (l.l).'/;, . 

In gravimetric analysis, sulfite is oxidized to sulfate by means 
of bromine or chlorine, which may then be ])recipitated by barium 
chloride. Since, however, sulfites usually contain sulfates, this 
method docs not give ace'urate results unless the sulfate is first 
estimated, as by precijiitation with liarium chloride in acid solu¬ 
tion (barium sulfite being soluble in acids). 

•V point of great importance in the estimation of sulfur di¬ 
oxide or sulfites is the ease with which these substances undergo 
oxidation in contact with air. According to A. 'I'itolT,- this oxida¬ 
tion would jn-obabiy not occur in perfectly pure water, but is so 
greatly accelerated by small amounts of copper and iron salts, ' 
that the minute traces of thc.sc often jiresent in distilled water 
act as catalysts for the reaction: 21l2S():( + t.b = 2I-1.2S()i. One 
gtn. mol. co])per per million liters is said to exert an appreciable 
intluence. Oxidation is considerably retarded by the addition of 
glycerol, mannitol, etc., which probably form complex compounds 
With the catalytic metal ions." 

1. J. C. ,S. LHiiCi, 9, 21!). See alsi) luiikeiier, Traile (I'.Aiialyse, II, !):i7. 
H. nuiiseii. .Ann. l<Sr>.'t. 86, 21). 

2. Zls. pliysik. Chem. UlU.'L 45, (ill; ahst. Jahr. Clieni. 1!))):(, 56, 21!). 

;!. • I't Rascliix, Zts. aiix. Chem. I!)(lt, 17, aSO. j. Baker and h'. Day, 

Analy.st, I!)I2, 37, I.'t!); al)st. C. A. i!)L‘t, 7, (id:). W. (tiles and Shearer, 
J. S. C. I. IS.S-l.'S, l!)7; LSS.'i, 4, b. Andrews, J. A. C. S. BlO.'i, 25, 7,70. 

O. Jamieson, Amer. j.,Sei. mi t, 38, 100; ahst. C. A. ]!)1-1, 8, ;J27!). 
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P. Haller* applies the following reactions;. In feebly acid 
solutions the relation between potassium iodatc and iodide is: 
5KI -f KlOa + ()HC1 = GKCl + SH^O + GH. In solutions con¬ 
taining at least 15% to 20% HCl the reaction can proceed further 
with excess of iodate: 21: -f KIOj + OHCl = KCl -f- SII/) + 
5101, the iodine monochloride being fairly stable in presence of 
excess of free acid. The reaction between iodide and iodate in 
strongly acid solution therefore becomes :2KI -+• KIO.i + OHCl = 
.IKCl -|- 5H»0 -f- 3IC1. The end point, when free iodine dis¬ 
appears, can be ascertained by adding a globule of chloroform, 
which is colored purple by the free iodine, but not by iodine mono- 
chloride. When sulfites are titrated, the reaction is: 2 SO 2 -f 
KIO., + 2HC1 = 2 SO 3 -b KCl -b H 2 O -b ICl. Glycerol is added 
to prevent oxidation of the sulfite during the titration. This 
alcohol may also with advantage be added to caustic soda used 
to absorb SO 2 from gases in the analysis of the latter, about 0 % 
by volume being sufficient. The acid solution of SO 2 is titrated 
with a standard solution of iodatc, this being added till the color 
of the iodine disappears. 

A test for SO 2 in gases has been disclosed by Henig^s,^ and 
the qualitative detection of sulfites, .sulfides, sulfates and thio¬ 
sulfates together, by h- Dobbin.^ lodometric methods of estima¬ 
tion have also been described by A. Fairlie,'' H. Ljungh,'’ J. Fer¬ 
guson,® G. Jones, J. Capps and S. Katz,* and G. Jamieson.® 
Titration with alkali has been used by A. Sander,® E. Kedesdy,"* 
and E. Bosshard and W. Grob,'* and absorption in sodium 
„ carbonate and hydrogen peroxide by R. Nestell and li. 

1. J. S. C. I. 1919, 38, 52-T; abst. C. A. 13, I4.m See also A. 
Abramski, I). It. P. 309981; abst. J. S. C. 1. 1919, 38, 301-A. 

2. Ilull. .Soc. Pharm. Bordeaux, Aijril, 1914. Ann. Cliim. Analyt. 
191.5, 20, 10; abst. J. S. C. I. 191.5, 34, 149. 

3. Chem. and Druggist, 1903, 63, .520; abst. J. S. C. I. 1903, 22, 1148. 

4. U. S. P. 1205724, 1916; abst. J. S. C. I. 1917, 36, 83; Mon. Sci. 1917, 

84, .51. 

5. Chem. Ztg. 1909, 33, 143; abst. Jahr. Chem. 1909, 82, I, 488; C. A. 
1909, 3, 1.327. 

6. J. A. C. S. 1917, 39, .304; abst. J. S. C. I. 1917, 36, 4.54. 

7. Mining Sci. Pre.ss, 1918, 117, 415; abst. C. A. 1919, 13, 11. J. 
Craig (J. S. C. 1. 1919, 38, IKi-T; abst. C. A. 1919, 13, 1084) r>xidizes the SOj 
with H 2 f )2 and titrates excess with permanganate. 

8. Amer. J. Sci. 1914, 38, 160; abst. J. S. C. I. 1911, 33, 917. " 

9. Chem. Ztg. 1914, 38, 10.57; abst. J. S. C. I. 191.5, 34, 277. 

10. Chem. Ztg. 1914, 38, 001; abst. J. S. C. I. 1914, 33, 601. 

11. Chem. Ztg. 1913, 37, 405; abst. J. S. C. I. 1913, 32, .5.32. 
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Anderson,' the latter having reported obtahiing excellent results. 

Uses of Sulfur Dioxide." Apart from its employment as a 
source of sulfuric acid, other uses of sulfur dioxide are as follows: 

(1) The liquid is used in some types of refrigerating machines. 

(2) The liquid has been proposed as a means of increasing 
the efficiency of steam engines by allowing the exhaust steam to 
evaporate sulfur dioxide in an auxiliary cylinder (Behrend and 
Zimmermann). 

(3) The gas and solution are used in disinfecting and as an 
antiseptic fumigating, the most convenient source of the gas being 
the liquid in siphons.’ 

(1) In bleaching woolen goods. 

(5) To impart to old barley the yellow color of the new grain 
(b) Liquid sulfur dioxide is employed in the refining of 
petroleum,"' and as a solvent for bituminous subst.ances and resins. 

(7) In tanning to soften dry hides, and in the “pureing” 
operation. 

(8) For the preparation of sulfites, bisulfitcs and as a reduc¬ 
ing agent.’ 

1. J. Inti. IbiK- Clictn. lOK), 8, U.sS; abst. J. S. C. I. UIHJ, 35, 174. 
For the ik'U'ctioii of small amomits of .SOj see Denises, Bull. .Soc. Pliaini. 
Bordeaux. 54, 14.1; abst. J. S. C. 1. l!n,5, 34, 141). A. Seidell and 1*. Meserve, 
J. Ind. Fng. Chem. I9M, 6, 2!)S. C. di Stefano, Star., siterim. agrar. ital. 
l!)i:i, 46, 7,S0; ab.st. Chein. Zentr. 11)14. 85, I, oUi. 

O. C. Lowe .and J. dill, li. P. 4817, 18,HO; abst. Chem. Ind. 1.8,82, 4, 
(F), 140; Wag. Jahr. 18.82, 28, W. C. Weatherljy, li. P. 2110, 1874. J. 
darner and 14. Clayton, U. S. P. 1 ll.'i.SbO, 11110; abst. J. ,S. C. I. 11)10, 35, 
409, I). PeniakotT, F. P. 4.51)l)2)i, 1912; Iv. P. 21470, 1912; ab.st. J. S. C. I. 

191,8, 32, 424, 1109; C. A. 1914, 8, 99.S, ."1224; Chem. Ztg. Kep. 1914, 38, 
128. W. Ivstor and M. Terrero, U. P. 1457, 1808. 

3. T. Clayton, 15. P. 18108, 1909; abst. C. A. 1911, 5, 128; J. S. C. I. 
1910, 29, .588. C. dalainc and H, Hulbert, Comtit. rend. 1910, 162, 303. 
F. Fischer and W. dltiud. Her. 1910, 49, 1409; abst. Chem. Zentr. 1910, 
87, II, 1089. J. Moore and F. Martin, U. S. P. 700,537, 1902; abst. J. S. 

C. I. 1902, 21, 870; J. A. C. S. li)02, 24, ,519. 

4. L. Kdcleanu, Petroleum, 9, 802; Bull. Amer. Min. Ivng. 1914, 2313; 
abst. C. A. 1914, 8 , 3020. 

r>. G. Stebbins, D. R. P. 173970; abst. Wag. Jahr. 1900, 52, I, 420. 
15. Basse and d. Faure, D. R. P. 103004; abst. Wag. Jahr. l.St)9, 45, ,1.5.8. 
IJ. Dietz and A. Billing, D. R. P. .5.50,52; abst. Wag. Jahr. 1891, 37, 1148. 
F. Duvieimart, D. R. P 2l0.8t)4; abst. Wag. Jahr. 1909, 55, I, 370. Dittler 
& Co., D. R. P. 30844; abst. Wag. Jahr. 1885, 31, 209. Friedrich & Co. and 
F. Hirsch, D. R. P. 228,5.'I8; abst. Wag. Jahr. 1910. 56, I. 432; D. R. P. 
247005; abst. Wag. Jahr. 1912, 58, I, 374. Maschinenbauanstalt Golzcrn, 

D. R. y. 77069; abst. Wag. Jahr. 1894, 40, 1001. A, Ilopfner, D. R. P. 
138t)28; abst. Wag. Jahr 1903, 49, 1, 300. T. Hutchims, L. Hargreaves and 
A. Dunningham?'E. P, 10550, 1915; abst. J. S. C. 1. 1910, 35, 1015. R, 
Paycllc and E. vSidlcr, D. R. P. 80390; abst. Wag, Jahr. 1895, 41, 422. E. 
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Sulfur Trioxide' ahd Contact Sulfuric Acid. The general 
principles of the contact process of sulfuric acid manufkcture 

Raynaud, Belg. P. 147589, 1900. H. Spcckcter and E. Marburg, U. S. P. 
1109365, 1916. O. Spinzig and A. Wanning, Norw. P. 22891; abst. Chcm. 
Ztg. 191.3, 37, 244. » 

1. R. Adie J. C. S. 1889, 59, 157; 1891, 59, 230; Ber. 1891, 24, 020-R; 
Chem. News, 1889, 59, 58; Ber. 1889, 22, 4.32-R. G. Aime, J. pharm. 1835, 
21, 87; J. prakt. Chem. 1835, 5, 79. Aktienges fitr Zinkindustrie vorm. 
Grillo u. Schroder, D. R. P. 102244 and 115333. D. R. P. 138695, 1902; 
abst. Chem. Centr. 1903, 74, I, 484. H. Armstrong, J. prakt. Chem. 1870, 
109, 244. Bad. AnUin and Sodafabrik, D. R. P. 1403.53, 11.3932, 1898; 
142895, 1903. D. R. P. 148196, 1904; 133713, 1902. H. Baker, J. C. S. 
1894, 65, 611. L. Barreswil, Compt. rend. 1847, 25, 30. G. Beilby, Chem. 
News, 1904, 90, 180; Chem. Centr. 1904, 75, II, 1374. E. Berglund, Lunds. 
Univers. Arskrift. 12, 13; Ber. 1887, 20, 584. E. Berl, Zts. ang. Chem. 1905, 

18, 252; Chem. Centr. 1905, 76, I, 1050. Zts. anorg. Chem. 1991, 42, 4,5.3; 
Chem. Centr. 1905, 76, I, 328. M. Berthelot, Compt. rend. 187.3, 77, 1880. 
90, 1511; Annuaire pour I’an public par le Bureau des Longitudes, 395; 
Compt. rend. 1873, 77, 27; Jahr, Chem. 1877, 30, 128, Compt. rend. 1877, 
84, 676; 1880, 90, 1449, 1510; Jahr. Chem. 1877, 30, 113; 1880, 33, 117. 
Compt, rend. 1878, 86 , 20. B. Bizio, Giorn. di Fis. 1825, 8 , 407; Quart J. 
of Sc. 21, 176. L. Bleekrode, Wied. Ann. Phys. 1878, (2), 3, 101; Jahr. Chem. 
1878, 31, 148. , C. Blondeau, Compt. rend. 1849, 29, 405. F. Bode, Dingl. 
Poly. 1875, 218, .322. M. Bodenstein, Zts. Electrochem. 1903, 9, 690; Jahr. 
Chem. 1903, 56, 222. G. Bodlander and K. Koppen, Zts. Electrochem. 
1903, 9, .559, 787; Chem. Centr. 1903, 74, II, .531,1028. A. Britning, Ann, 18,56, 
98, 377. H. L. Buff, Ann. Pharm. Suppl. 1866, 4, 120; Jahr. Chem. 1806, 

19, 18. H. Buff and A. W. Hofmann, Ann. 1860, 113, 129; Jahr. Chem. 

1860, 13, 30. A. Bussy, Ann. Chim. Phys. 1824, 411. F. Clausnitzer, 

Ber. 1878, 11, 2012. R. D'Arcy, J. C,S. 1889, 56, 155; Ber. 1889, 22, 434-R, 
H. Deacon, E, P. 7.53, 1682, 1871. M. Dennstedt and C. Ahrens, Zts. anal. 
Chem. 189t), 35, 1; Zts, anorg. Chem. 1895, 337; Chem. Centr. 1896, 67, I, 
a®. A, D’Hcureuse, Pogg. Ann. 1848, 75, 2.55; Ann. 1848, 68, 242; Jahr. 
Chem. 1847-1848, 1, 372. H. Deville, Bull. Soc, Chim. 1805, (2), 3, .366; 
Jahr. Chem. 1865, U, 59. A. Ditte, Compt. rend. 19(K), 131, 143; Chem. 
'Centr. 1900, 71, II, 423. E. Divers, J. C. S. 1886, 49, ,584; Jahr, Chem. 1886; 
39, 3.34. E. Drechsel, J. prakt. Chem. 1870, 112, 20; Jahr. Chem. 1871, 24, 
212. P. Eitner, Ber. 1892, 25, 462; Jahr. Chem. 1892, 45, 897. A. Engel- 
hardt. Bull. Acad. St. Petersbourg, 1858, 16, 378; J. prakt.'Chem. 1858, 75, 
333. V. HOlbling and H. Dietz, D. R. P. 142144 and 149677; abst. Chem. 
Centr. 1903, 74, II, 76; 1904, 75, I, 769. Evans, Pharm. J. Trans. 8, 127; 
Jahr. Chem. 1847-1848, 1, 370. Farbwerkc vorm. Meister, Lucius u. Briin- 
ing, D. R. P. 105876; 135887, 1902. D. R. P, 1.36134, 1902. N. Fischer, 
Pogg. Ann. 1829, 16, 119. Fortmann, Dingl. Poly. 1868, 187, 155. A. 
Geuther, Ann, 18.59, 109, 129; Jahr. Chem. 1859, 12, 82. Aim. 18.59, 111, 
177; Jahr. Chem. 1859,83. O. Gruber, D. R. P. 27726, 1884. J. S. C. I. 1885, 
4, 116. F. Gumpert, J. prakt. Chem. 1884, 138, 87; Jahr. Chem. 1884, 37, 
486. G. Gustavson, Ber. 1873, 6, 9; Jahr. Chem. 1873, 26, 209. E. de 
Haen, D. R. P. 128616; abst. Wag. Jahr. 1902, 48, I, 290. M. Hannisch* 
and E. Schroder, D. R. P. 42215. W. Hempel, Ber. 1890, 22, 1455. G. Hess, 
Pogg. Ann. Phys. 1842, 56, 471. R. Hill, Chem. News, 1895, 72, 75; Jahr. 
Chem. 189,5, 48, 527. W. Hodgkinson and F. Lowndes, Chem. News, 1888, 
57, 193; Ber. 1888, 21, 613. A. Hofmann and G. Buckton, Ann. Pharm. 
1856, 180, 129; J. C. S. 18.57, 9, 241; Jahr. Chem. 1850, 9, 508. J. Jtillion, 
E. P. 11425, 1846. H. Kammerer, J. prakt. Chem. 1861, 83, 72. G. Kep- 
pfeler, Zts. ang. Chem. 1902, 15, 809; Chem. Centr. 1902, 73*, 11, 727. R. 
Knietsch, Ber. 1901, 34, 4069. Chem. Centf. 1902, 73, I, 282. P. Krafft, 
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have already been briefly described (p. 1069). The chief feature 
of the method which has made ^reat progress in recent years, is 

Btr. 1890, 23, 2889; Jalir, Choiti. 1890, 43, 1771. F. Kiister, Zts. anorg. 
Cheni. 1904, 4i2, 4,Hi; Chein. Centr, 190.5, 76, I, 828. A. Lotka, Chem. ICng. 
1909, 9, 91; abst. C. A. 1909, 3, 1071. G. I.uiige, K. I>. .•ilOG, 1888. G. Uiiige 
and G. Pollitt, Zts. ang. Chem. 1902, 15, llO.l; Cliem. Centr. 1902, 73, II, 
1480. G. I.unge and K. Reinhardt, Zts. ang. Chem. 1904, 17, 1041; Chem. 
Centr. 1904, 75, II, 801. G. I.unge and F. .Salathe, Ber. 1877, 10, 1824; 
Chem. Ztg. 1888, 7, 29. G. Magnus, Fogg. .Ann. 1882, 24, 010; 18.58, 104, 
,5,58. F. Mahia, Ann. 18.52, 81, 2,55; Jahr. Chem. 18.52, 5, 889. C. dc 
Marignac, Arch. sc. phys. uat. 1858, 22, 22.5; 1877, 58, 2289: Anti. Chim. 
Fhys. 1858, (8), 39, 1.84; Ann. 18.58, 86, 228; Jahr. Chem. 18.58, 6, 824; 

1877, 30, 209. V. Merz, J. prakt. Chem. 1800, 99, 181. R. Mcssel, F.. P. 
180, 1828, 1878; abst. Chem. Tech. Rep. 1878. 17, I, 301. F. Meyer, 
J. S. C. I. 1908, 22, 848; Chem. Centr. 1908, 74, I, 1440. A. Mk'haelis, 
Zts. Chem. 1871, 14, 1,51. F. Muck, Ber. 187.5, 8, 1288. R. Nasini, Ber. 
1882, 15, 2885. A. Nobel and G. Fehrenbach, D. R. P. 80808; Ber. 1885, 
18, 20I-R. G. Oddo, Ga/.z. chim. ital. 1901, 31, 11, 1,58; Chem. Centr. 
1901, 72, IT, 909, W. Odling, J. C. S. 18,55, 7, 1. G. Osauu, Dingl. Poly. 
18.59, 151, 158. It. Perman, Proe. Roy. Soc. 1890, 48, 57; Jahr. Chem. 
1890, 43, 111. P. Phillips, 1C. P. 0090, 1881. A. Pinner and F. Klein, Ber, 

1878, U, 1825; Jahr. Chem. 1878, 31, 828. R. Piria, Cimento. 2, 298; 
Jahr Chem, 18.5.5, 8 , 808. V. Ragosiiie and P. Dworkowitsch, D. R. P. 
484.58, 1888. W. Rath, D. R. P. 22118, Dingl. Poly. 1888, 249, 4,58; Jahr. 
Chem. 1888, 36, 1085. H. Robs, Ann. 1888, 246, 8.50; Ber. 1.888, 21, .59G-R. 
F. Reich, J. prakt. Chem. 1808, 90, 170. C. Reese, J. S. C. I. 1908, 22, 
851; Chem. Centr, 1908, 56, I, 1440. H. Rose, Pogg. Ann. 1.884, 24, 140. 
1C. Russell and N. .Smith, Proc. Chem. .Soc. 1900, 16, 41; J. C. S. 1900, 
77, 840. A. Schenrer-Kestner, Compt. rend. 1875, 80, 1280; Jahr. Chem. 
1.87.5, 28, 102; Ber. 1877, 10, 1824; Compt. rend. 1.8.84 , 99,917; Jahr. Chem. 
1884, 37, 842; 1.885, 38, 20.59. H. .Schlnndt. J. Phys. Chem. 1901, 5, 
,508; abst. J. C. S. 1902, 82, ii, 2. A. .Schmcrsahl and J. Bouck, IC. P. 
188, 18.5.5. R. Schenek, Ann. 1901, 316, 1; Chem. Centr. 1901, 72, 
I, 1805. II. Schroder, Wied. Ann. Phys. 1.882, 16, 000; Jahr. Chem. 1882, 
35, 81. R. Schuberth, D. R. P. 52000; Ber. 1890, 23, 515. C. .Schultz- 
.Sellack, Pogg. Ann. 1870, 139, -ISO; Ber. 1870, 3, 215. Ber. 1871, 4, 15, 
109, 110. H. ,Schulze, Ber. 1884, 17, 2705. A. Staveuhagen, Zts. ang. 
Chem. 1898, 6, 2.88; Jahr. Chem. 1,898, 46, 878. G. Stone, J. S. C. I. 1908, 

22, 8,50; Chem. Centr. 1908, 74, I, 1440. M. Teplow, J. Russ. Phys. Chem. 
Soc. 1888, Suppl. 1-12; Ber. 1.889, 22, I-R. J. Thomsen, Ber. 1870, 3, .5(X); 
1878, 6, 718. Pogg. Ann. 1.878. 150, 82. W. Thornthwaitc, E. P. 188, 1854, 
A. Triiemann, IC. P. 982, 18,54. Verein Chem. Fabriken in Mannheim, 

O. R. P. 107995, 1.898; 108440, 1898. D. R. P. 1,54084. Verein Chem. 
Fabriken and A. Clemm, D. R. P. 142410. H. Vernon, Chem. News, 1891, 
64, .54; Jahr. Chem. 1891, 44, 180. F. C. Vogel, Schweigg. J. 1812, 4, 121, 
128. G. Wach, Schweigg. J. 1827, 50, 1. P. Walden, Zts. anorg. Chem. 
1900, 25, 209; abst. Jahr. Chem. 1900, 53, 87. J. Walz, Chem. News, 1871, 

23, 245; Anier. Chemist, 1,871, (2), 1, 242; Bull. Soc. Chem. 1871, (2), 16, 
*,5; Jahr. Chem. 1871, 24, 215, R. Weber, Pogg. Ann. 1804, 123, 238, 337; 
1871, 142, 002;Ber. 1887, 20, 86, 87. Pogg. Ann. 1876, 159, 313; Jahr. Chem. 
1876, 29, 174; Ber. 1886, 19, 3, 80, 3187. Verb, Ges. Naturforocher, 1891, 
72; Chem. Centr. 1892, 63, II, 105, J. prakt. Chem. 1882, (2), 25, 218, 224; 
Jahr. Chem. 1882, 35, 228, 229. M. Wilde, Ber, 1874, 7, 366. C. Winkler, 
Dingl. Poly. 1875, 218, 128; 1879, 233, 142; Jahr. Chem. 1875, 28, 161; D. R. 

P. 4560, 1878. J. Wolters, D. R. P. 3110, 1878; 6091, ,1878; Chem. Ind. 
1878, 1, 329; Dlhgl. Poly. 1878, 230, 451; Ber. 1878, 11, 1946; Jahr. Chem. 
1878, 31, 1122; Ber. Ig81, 14, 122. 
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the use of a catalyst toipromote the union of sulfur dioxide and 
oxygen, the latter usually in the form of air, to form sulfpr tri¬ 
oxide : 2 SO 2 + O 2 2150.1. The reaction is a reversible one, a 
part only of the sulfur dioxide being converted into trioxidc, the 
proportion depending mainly upon the teiftperature. An equil¬ 
ibrium is established, and the proportion of sulfur dioxide con¬ 
verted into trioxide is greater the lower the temperature. With 
the use of an excess of .sulfur dioxide or of oxygen,’ the conver¬ 
sion increases in accordance with the law of mass-action. In 
practice the object is to convert as large a proportion as possible 
of the sulfur dioxide into trioxide, and therefore an excess of 
oxygen (air) is used. The sulfur trioxide is then brought in con¬ 
tact with sulfuric acid, cither concentrated when fuming sulfuric 
acid or oleum is produced, or acid containing water, when the 
strength of the acid is increased and strong sulfuric acid is formed. 
The gases containing sulfur trioxide are not brought in contact 
with water as such, because in that case a dense fume of droplets 
of sulfuric acid results, difficult to condense and utilize. 

The history of the Contact Process may be said to have be¬ 
gun with the discovery of the catalytic action of platinum by 
Humphrey Davy in 1818. He used platinum wire, and showed 
that it could promote many chemical reactions, .such as the union 
of oxygen with hydrogen, carbon monoxide, hydrocarbons, or 
cyanogen.^ J. Doebereiner in 1S;}2’' found that finely divided 
•platinum, in the form of sponge, obtained by the ignition of 
ammonium platinichloride, is much more active than the massive 
metal, and numerous investigatijons have since been made on the 
catalytic activity of platinum and other contact masses.* The action 

1. J. Partington, "The Alkali Industry,” I.ondon. 1918, 41. 

2. H. Davy, Phil. Trans. 1817, 107, 4.a, 77. An account of the history 
of the contact process is given by K. Winteler, Zts. ang. Chem. 190.5, 18, 
1.512, 1(1,54. For the general theory of catalysis, see J. Mellor, "Chemical 
Statics and Dynamics.” London, 1904. 

8. Schw. J. 34, 91;38, 321. Gilb. Ann. 1823, 74, 2G9. .Schw. J. 39, 
1.59; 42, (50; 63, 4(5.5. "Ueber neuentdeckte und hochst merkwiirdige Piigen- 
schaften des Platins,” Jena, 1823. , 

4. Ferric oxide (Vercin Chem. Fabrikcn in Mannheim, D. R. P. 10799.5, 
10844(5, 1898). Ferric arsenate, and iron-free arsenic pentoxide. Silica 
exerts appreciable action at 700°, the yield being 10%. Jena glass and 
Berlin porcelain have a very slight action (G. Lunge and K. Reinhardt, Zts. 
ang. Chem. 1904, 17, 1041; alist. Chem. Centr. 19()4, 75, II, 801). Addition 
of arsenic to ferric oxide increases the catalytic action (Ver. Chem. Fabr. in 
Mannheim, D. R. P. 1.54084); however, at first decreasing* the yield (F. 

, Kiistcr, Zts. anorg. Chem. 1904, 42, 4,53; abst. Chem. Ceijtr. 1905, 76,1, 328). 
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of these materials, which undergo no permanent chemical change 
in the course of the chemical reactions they induce, is incompletely 
understood, even at present. Two theories have been proposed 
to account for their activity. According to M. Faraday,' the 
contact substance possesses the capacity of condensing on its sur¬ 
face the gases which it causes to interact, and the latter, being 
then in a condition similar to that in a strongly compressed mix¬ 
ture of the gases, arc brought into a condition favorable for reac¬ 
tion. According to A. de la Rive," on the other hand, one or 
more of the gases first of all forms unstable compounds with the 
catalytic material, which then react with the other gas, or gases, 
leaving the catalyst unchanged and capable of again reacting. 
Thus, in the oxidation of hydrogen in the presence of spongy 
platinum, it is assumed that an oxide of platinum, possibly PtO, 
is first formed, and then is reduccfl by the hydrogen: PtO + II 2 = 
Pt -f H 2 O. It appears from the recorded investigations^ that 
both influences may play a part in the dilTcrcnt kinds of reactions. 
The sum total of evidence appears to favor the intermediate com¬ 
pound theory in the case under discussion. 

The utilization of the contact action of platinum in the pro¬ 
duction of sulfuric acid was first made by Peregrine Phillips, of 
Cupric oxide and chromic oxide (Vcr. Cliem. Fabr in Maiinheim, I). R. I’. 
142410). Ferric oxide, cnpric oxide, chromic oxide, coated with platinum 
(Bad. Anilin u. Sodafabrik, D. K. F. 140;i.").'i). Platinized lumps of water 
soluble salts such as magnesium sulfate (D. R. 1’. bi.SOO.a). Sidfates of the 
rare earths (V. Hdlbling and fl. Ditz, I). R. 1’. 142144, 14'.»()77, 1904). Vaif- 
adium comi)oimds, especially vanadium pentoxide (F. de liacn, D. R. P. 
128010; F. Kiister, Zts. anorg. Chem. 1904, 42, d,'):.!; abst. Chem. Centr. 190.7, 
76, T, .928). For the properties which characterize a contact substance, see 
(). Keppelcr, Zts. ang. Chem. 1902, 15, 809; abst. Chem. Centr. 1902, 73, 
II, 727. For re activating of jxtisoned platinum contact masses, see A. G. 
Zinkindustric vorrn. Grillo & SchrPder, 1). R. P. 102244, 11Farb- 
werke vorm. Meister, Lucius Ilriining, I). R. P. 19.7887, 1902. fiadische 
Anilin u .Sodafabrik, U. R. P. 142.S9.7, 148190. For further information on 
the production of sulfur trioxide by the contact, process, see H. Angerstein, 
J). R. P. 209.79, 1.889, Farbwerke Meister, I.ucius and Briitiing, D. R. P. 
10.5870, 1899; 109489, 1900. Verein Chem. F'abriken in Mannheim, D. R. 
P. 196134. 1902. Bad. Anilin u. Sodafabrik, D. R. P. i:i9719, 1902. G. 

» Lunge and G. Pollitt, Zts. .ang. Chem. 1902, 15, 110.5; abst. Chem. Centr. 

1902, 73, II, 1480. IL Meyer, J. S. C. 1. 1909, 22, 948; abst. Chem. Centr. 

1909, 74, I, 1440. G. Stone, T. S. C. 1. 1909, 22, 9.50; abst. Chem. Centr. 

1909, 74, I, 1440. C. Reese, J. S. C. 1. 1909, 22, 951; abst. Chem. Centr. 

1909, 74, 1, 1440. 

.1. Phil. Trans, 1894, 124, 1. 

2. Pogg. Ann. 18:!9, 46, 489, 492; 1811, 54, 9.80, 997. A. de la Rive 
and !•'. MarcH, Ann. Chim Phys. 1828, 39, 928. 

3. W. Bancroft, Trans. Amer. F'lectrochcni. Soc. 1917, 32, 499, 4.57; 
abst. J. S. C. 1. I9f7, 36, 1169. 
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Bristol, Kngland, in ls;U? He took out a patent for his discovery, 
but nothing practical ever came of it. He found that the''plat- 
inuin rapidly became inactiv'e, or ‘'poisoned," and the ])rocess 
then stopped.' 

The contact process became practical when C. Winkler'^ pro¬ 
posed the use of a mixture of sulfur dioxide and oxygen, obtained 
by dropping strong stilfuric acid on red-hot liricks: H-.S(), = 
S<b + IM). The gas was dried and passed over the plat¬ 
inized asbestos. This was not a method of making sulfuric acid, 
but of fuming sulfuric or sulfur trioxide. In the same year (IS7.">), 
vS. vSf|uire and R. Messel in luigland * carried out this process, and 
later on vS. Stpiire used sulfur dioxide from the combustion of 
sulfur, purified by dissolving in water under 4 atm. pressure and 
then expelling with steam. This process was used by the 'riiann 
Chemical Co., in Alsace, in ISM. Other plants were erected in 
(7ennany*and elsewhere, and numerous iiatenls were taken out 
from ISTo to ISDN, mostly, lunvever, based on the pn)cess devized 

1. I’. Phillips, 1C. I*. (iO'Mi, IMl. Por the <lfVL'h)pnu'tit of the couUu't 

poKvss, sw O. ^IuKInls, Po.ug. Ann. 24, hlO. J. DocbiTfiiuT, Po.i{X- 

Ann. I<<)2, 24, (iOO. A. MofiiiaiMi, Ufpurt of the Jury on tin.- Hxhihilion of 
1S()2. U. J. SchiK'id'.r, Dingl. Poly. lS-17, 106, dl).'); stf also Conipl. ivn<l. 
IStT. 26, IKll; Moil, t'nivcrs. ISIS. No. 1217; Hull. Soc. (1'lincoura^ciiu‘ul. 
IMS; abst. DiiiKl. Poly. IS-IS. 107, i.V.h :ib2; 109, W. iVlric, H P. 

o'H), I8r>2. \V. Thornthwaite. 1C. P- ISS, IS.")!. K. Piria, Ciimaito, 2, 2!).S; 
abst. Jahr. Chein. IS.’)"). 8, SOS. All of flu* precvdiia' us»'d ])lalimitn, or 
platinized asbestos. K. Laming, K. P. I22(il, ISIS, used pumiee-stone pre- 
yared by boiling in sulfuric acul. iinmersiiiK in watia containing a little am¬ 
monia, drying and heating in a retort to old C. with about P , of manga¬ 
nese pero.xide, allowing it tfi cool otit of contact with the air. L. Hlondean 
(Conipt. rend. ISlh, 29, 40.")) ernployi^d ar.gillaceous sand, at red heat in a 
porcelain lube, to cause sulfur dio.\ide, air :m<l steam to react with the 
ftfrniation of stilfuric acid. I'. Woltler (Ann. IS.">2. 81, 2.V)) found that oxides 
of copper, iron or chromium, or mixiurcs of these, would act as catalyzers 
at a low red heat. See Wag. Jahr. IS.V.(. 5, 1 II. (L kohb ilC. P. T.'it, 7SS, 
ISA'l) used ferric o.xide resulting froiri the burning of pyrites, manganese 
dioxide, etc. ;\. Trueman lIC. P. 0S2, 1S.>1) employed platinum wire, or 
pumice stone impregnated with platinum salts and ignited, and iron, copper, 
chromium and manganese oxides, at a red ht‘at. W. Thornthwaite, IC. P. 
188, 1854. A. Schmersahl and J. B«mck (IC. l^ 18;}, 1855) used asbestos, a 
mixture of copper and chroiniuni oxides, platinum, in sheets or wire, pumice, 
coke or charcoal. Silica is mentionerl by W. Petrie (1C. P. 5U(), 1852; 2<K)5, ' 
1K56L but it does not appear that it was used as a contact sub.stance. W. 
Hunt, K. P. 1919, 185.}, used red hot pebbles. Plattner, "Die nietalhirgischen 
Kostpnx'e.sse, Freiberg, ]8.5ti, .‘154. H. Deacon (I'L P. 7.5.'}, 1(582, 1871) tried 
copjHT sulfate, but without practical success. 

2. Dingl. Poly. 1875. 218, 128; ahst. J. C. S. I87(), 29, 78)1; Bull. 
Soc. Chiin. 187(), 25, J.l; Cliem. Tech. Kep. 1875, 14, I, 221;, Jahr. Chein. 
187.5, 28, 1(11. 

;}. J. S. C. I. J88.3, 4, 529. . 
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l)y vS{iuin.‘ and iVk'ssfl. In every ease tlie adviee of C. Winkler 
was followed, and a mixture of jjases in the exact ratio SO-: O 
was used, although the law of mass action clearly imlicated the 
advantage of an excess of oxygen. 

'I'he first imiKtus to large scale production resulted from the 
publication in I.SilS' of a jiajier by R. Kiiietsch, of the Radisehe 
Comiianv, in which the imiiortant proposition was stated that it 
was possible so to purify the gases from ])vriles kilns that they 
could be used in the contact process without causing ])oisoning 
of the platinum. He found that when the dust, sulftiric acid 
mist, and arsenic in the.se gases are first removed, the contact 
mass remains active for long periods. Simultaneously a similar 
discovery was made by Krauss and von Rerneck, of Meister, 
Lticius & Briining, of llcichst, who took out patents at the same 
time with the Badische firm. Manv seeminglv ununiiortant modi 
lications of the jirocess have been the subject of more ree'cnt 
patents, but a real adx'ancc has been tile method of M. Schroeder 
and W. (Irillo,’ in which the contact mass is comprized of mag¬ 
nesium sulfate as an inert carrier, im])regnaled with a iilatiuum 
salt and heated so as to swell up and expose a large surface, which 
becomes covered with finely divided jilatimmi formed by the 
decomposition of the salt, 

'fhe eeiuilibrium 2SO? + <)-■' 2,S( );i is luaititaiiied at l.'itl” 
with !)!''( of if air is used instead of oxygen so that the pro¬ 
portions of SOj and <)- are unchanged, the yield is tM' v. The 
best result is obtained when the oxygen is ])resent in three times 
the theoretical amount, viz.: 2SO- MOj. which ha])|)ens to be 
the ratio gixen by' ordinaiw (lerite liurners. With these gases, 
and a tem])erature of l(ll)°--l,')ll°, a conversion of OS'is commer¬ 
cially' attainable. Heat is e\'olved in the reaction, and the exita- 
lytic mass must be kept cool by allowing a portion of the cold 
gases to swee]) over the outside of the containing vessel. With 
an initial gas containing 7.11' ,' SO; by volume, 10.1' ,', O;, and 

t. her, 19(11, 34, -tllC.tl; ahst. J. C. S. 19(12, 108, ii, 122; J. S. C. 1. 1902, 
21, 172, ;i-i:{; hull. Sue. Chini. 1902, 28, .•!0.‘i; .Muii, Sei. 1902, 58, 2,Sit; Rep. 
Cliiiii. 1902, 2, 102; Rev. Cliiiii. 1902, 5, -lit Sli; Cliein. Ceiitr. 1902, 73, I, 
2S2; Cheni. Zls. 1901 1902, 1, 272, 207), 171, 479, .7.S0, OOO, 709; Jalir. Cheni. 
I!t01.54, 212; Meyer Jatir. Ctiem. 190], 11, 220; Wag. Jahr. 1901, 47, I, 
IIS; Zls. ang. Clietn. 1902, 16, .707, 02.2. 

2. I). R. 1>. 102214, 1.S9.S; ahst. Wag. Jalir. l.H9i), 45, 20(i; Cliem. 

Ceiitr. 1X99, 70, 1, 1170; Clieiii. Ztg. 1X99, 23, 420; Zts, ang. Cheiii. ISili), 
12, 229; Jahr. Clienf. 1,S99, 52, 424; Mim. Sei. ],S99, 54, 14.5. 
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82.6% Nj, the maximum equilibrium yields at different temper¬ 
atures are as stated‘ 

Temperature C. . Equilibrium Conversion 

of SO) to S0|. Per cent. 

434° 97 

- 550° 85 

645° 60 

From this it appears to be advantageous to work at as low 
a temperature as possible. It is impracticable, however, to go 
below 450®, as the spyeed of reaction then becomes very slow.® 
In practice 400°-450° is aimed at. This is evident from tlie 
curves given by Knietsch,® in which the first set represent the 
percentage of SOj formed in the various mixtures at varying 
temperatures, each curve corresponding with a different flow rate. 
By increasing the latter, the temperature for optimum conver¬ 
sion increases but the yield decreases. In the second set of curves 
the influence of time of contact with the catalyst is shown, the 
best temperature being 450°. 

As already stated, the comparative costs of the contact and 
chamber processes run very close when ordinary acid is to be 
made, but the contact process is the cheaper, at least under 
European conditions, when a very strong acid is to be manu¬ 
factured. 

Many contact substances other than platinum have been 
proposed, but with the exception of ferric oxide^ these do not 
appear to have been used to any considerable extent. An account 
of the various catalysts appears on pages 111.3 to ll?! for sulfuric 
manufacture, and on pages 915 to 918 for synthetic nitric acid 
foliation. 

;|t. Apparatus Used in the Contact Process. The apparatus used 
in carrying out the contact process must comprize arrangements 
whereby the sulfur dioxide and air are brought into intimate 
association with the contact mass for a sufficient length of time 

1. F. Haber, ‘‘Thermodynamics of Technical Gas Reactions,” transl. * 
Lamb, 1908, p. 199. 'This boot contains a valuable account of the theory 
of the contact process. 

2. M. Bodenstein and C. Fink, Zts! physik. Chem. 1907, M, 1, 46; 
abst. Jahr. Chem. 1905-1908.1, 990. 

3. See J. Partington, "Alkali Industry,” Figs. 14 and 15. 

4. E, and P. Wohler and W. Pliidermann, Zts. pbysUc. Chem. 1908, 62, 

641; abst. J. S. C. I. 1908, 27, 684. F. WShler, Ann. 1852, 81, 256. O. 
Eunge and G. Pollitt, Zts. ang. Chem. 1602, 1105. * 
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for the conversion, or to bring about equilibrium at the tem- 
peratyre of working, and devices whereby the temperature of the 
catalyst, on the surface of which the reaction 2 SO 2 + O 2 = 2 SO 3 
occurs, is maintained at a suitable degree by means of preheating 
or heat-interchanging devices. A great number of arrangements 
have been proposed for the purpose of fulfilling these conditions, 
but comparatively few are at present in actual use. The systems 
which have been extensively used are: 

(1) The Badische Process. 

(2) The Process of the Farbwerke Meister, Tucius and Briin- 
ing, of Hochst. 

(3) The Schroeder-Grillo Process. 

(4) The Mannheim Process. 

(5) The Tentelew Process. 

Of these, all except No. 4 use platinum in various forms as the 
catalytic material. In addition, many other forms of apparatus 
have been described,^ but detailed description of these is hardly 

1. A. G. fiir Zinkindustrie, Aust. P. 12287, 1903. H. Blackmore, 
U. S. P. 828268, 1906; 778099, 1904; abst. Chem. Zts. 1905, 4, 270; 1906, 

5, 496; Mon. Sci. 1905, 63, 116; 1907, 67, 53; J. A. C. S. 1905, 27-R, 502, 
H. Briegleb, E. P. 11792, 1901; abst. J. S. C. I. 1902 21, 706. C. Brock- 
bank, U. S. P. 1157293; abst. C. A. 1915, 9, 3335. C. Daub and J, Dcuther, 
E. P. 9536, 1902. F. P. 322834, 1902. U. S. P. 731758; abst. J. S. C. I. 

1902, 21, 1138; 1903, 22, 364; Chem. Zts. 1903, 2, 158, 716; 1904, 3, 13; Mon, 

Sci. 1903, 59, 127, 172; J. A. C. S. 1904, 26-R, 39. G. Eschellmann, E. P. 
23419, 1909; abst. C. A. 1911, 5, 163; J. S. C, I. 1910, 29, 422, G. EschclI- 
mann and A. Harmuth, U. S. P. 9.37148; abst. C. A. 1910, 4, 371. U. S. P. 
792205, 1905. 1036473; abst. C A. 1912, 6 , 3315; Chem. Ztg. Rep. 1913, 
37, 32; J. A. C. S. 1906, 28-R, 75. General Chemical Co, (J. Herreshoff, 
assignor), U. S, P. 719332; 722981; abst. J. S. C I. 1903, 22, 212, 494; Chem. 
Zts. 1903, 2, 529; 1904, 3, 13; J. A. C. S. 1903, 25-R, 378, 491 (W. Fer¬ 
guson, assignor), U. S. P. 723595, 723596. E. P. 6824, 1903. F. P. 330621, 
1903; abst. J. S. C. I. 1903, 22, 495, 742, 1086; Mon. Sci. 1903, 59, 170; 1904, 
61, 67; Chem. Zts. 1904, 3, 13; J. A. C. S. 1903, 25-R, 494; Chem. Ztg. 1903, 
27, 372. (P. Herreshoff, assignor) U. S. P. 737626, 1903; abst. J. S. C. I. 

1903, 22, 1086; Chem. Zts. 1904, 3, 291; J. A, C. S. 1904, 26-R, 190; Mon, 
Sci. 1903, 59, 183. (G. Eschellmann and A. Harmuth, assignors) U. S. P. 
937147; abst. C. A. 1910, 4, 370. U. S. P. 1030508; E. P. 23419, 1909; abst. 
J. S. C. I. 1910, 29, 422; 1912, 31, 687. U. S. P. 1036473; ab.st. C. A. 1912, 

6 , 3315. The Grasselli Chemical Co. (I. Lihme, assignor), U. S. P. 1103522, 
1914; abst. C. A. 1914, 8, 3102; Zts. ang. Chem. 1916, 29, I, 116; Chem. Ztg. 
Rep. 1915, 39, 114; Mon. Sci. 1914, 81, 178. W. Grosvenor, U. S. P. 1038609, 
1036610; abst. C. A. 1912, 6, 3315; Chem. Ztg. Rep. 1913, 37, 32. E. Han- 
isch and M. Schroeder, U. S. P. 384841, 1888. E. P. 9188, 1887; abst. J. S. 
C. I. 1887, 6, 599; Chem. Centr. 1887, 58, 1419. . J. Herreshoff, U. S. P. 
7193J2, 719333, 1903; abst. J. S. C. 1. 1903, 22, 212. H. HUbert and Bayer- 
ischeAkt. Ges. f. Chem.u.l-andw.Fabrikate, Aust. P. 26211,1901;ct. Aust. P. 
484. E. P. 9453, 1903. F. P. 331289, 1903. Swiss P. 28076, 1903; abst. 
J. S. C. I. 1903, 22, 1036; Chem. Zts. 1906, 5, 671; Mon. Sci. 1904, 61, 68. 
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necessary here, as they introduce hut very few novel features. 
Many refer to minor iinprovenients in the construction or method 
of working of known processes. The above live named, however, 
will be described in detail in the sequel. 

Processes in the Contact Methods. .Mthou^di the various con¬ 
tact methods differ in detail, there arc many underlying prin¬ 
ciples common to nearly all which may be considered in a general 
manner before proceeding to the special descriptions. The.se 
comprize: 

(1) The preliminary purification of the burner gases. 

HoelbliiiK .ntid H. Dit/,, Aiist. I’. l.')o77, alist. Cluni Zts. 1!I04. 3, 
•l.'t.'i. I). K. P. 142141; ahst. Zts. aim. Clieiii. li)0.'i, 16, Chim. Centr. 

litoa, 74, II, 71); Jahr. Clu-in. PKK. 56, .-il.'); Chein. Zp;. l',Ki;i, 27, ,V.> 1 ); Wag. 
Jahr. IIHKI, 49, I, 2110; Mon. Sci. 1004, 61, li; UKl.t, 63, Cheiii. Zls. 1904, 
3, la, 270, .aOI. Hulg. P. 1()052.4, 1902. 41. Mowanl, I'. S. P. 102,SS,S0, 

1912; abst. J. S. C. I. 1912, 31, (ISO; C. 1912, 6, 2199; Clicm. Ztg. Ue]). 
1912, 36, 407). W. KaulTmaun, li. P. 7074, 1904; ahsl. J. S. C. 1. 190.'), 24, 
90. C. Kraiiss ami J. Wach (assignors to I'arbwerke Meisti-r, bucius Ki 
Bruning), I'.'S. P. 077070, llHll;al)st. Mon. ,Sci. 1901, 57, 2,SI. M. Leblanc 
and C. ICrau.ss (assignors to b'arlnverko Meister, l.iicins ,V Briiningl, L. S. 
P. 720070, 1902; abst. Mon. ,Sci. 190:!. 59, 170; Clii'in. Zts. 1902, 2, 014; 
1904, 3, 12; J. .A. C. S. Iil02, 25-R, .■)2.7. J. MePetridge, V. S. P. 9SX040, 
1911; abst. Mon. Sci. HI12, 77, 19. P. Naef. li. P. 1S19I, 1900; 11970. 
14977, 1901; abst. J. S. C. I. 1902, 21, 1027, 1070. M. Nenmanii, I). R. P. 
187077; alist. C. .A. 1908, 2, .■)70; J. S. C. I. 1908, 27, ,")02; Zls. ang. Client. 
1907, 20, 797); Clierii. Zentr. 1907, 78, II. 1280; Jahr. Cliein. 190.") 4908, I, 
1024; Chem. Zts. 1908, 7, 7),')0; Client. Ztg. Rep. 1907, 31, 292; Wag. Jahr. 
1907, 53, I, 240. B. Parodi-Dcllino, E. P. 112017, 1917; abst. C. -A. 1918, 
12, 1227; J S. C. I. 1918, 37, 149-.A, R. Pictet, IL P. 480294; abst. J. S. C. 
I. 1917, 36, 127; Ann. Rep. Chem. ,Soc. Ind. 1917, 2, 191. J. Porter, H. P. 
22080, 1914; abst. J. S. C. I. 1917), 34, 1197. Iv. Ravnaitd and L. Pierron, 
t'.S. P. 720.870, 7,')191I; K. P. 102.74, P.KKI; abst. J. S. C. I. 1901, 20, 42; 
1902, 22, 104.7; Chem. Ztg. 1902, 26, 7)4; .Mon. Sci. 1902, 58, 1.71, 1<I02, 59, 
182; Chem, Zts. 1904, 3, 82, 492; J. A. C. S. 1904, 25-R, 141, 404. A. Sebillot, 
U. S. P. 7(K)219, 1902; I!. P. 2192, 1909; abst. C. A. lillO, 4, 8'..7; J. S. C. I. 
1909, 28, M97; 1902, 21, 8.79; Client. Zts. 1902, 2, 27.7; J. A. C. 8. 1902, 24, 
Mon. Sci. 1902, 58, 184. See .also E. P. 21010, 1898; abst. J. S. C. I. 1899, 
18, 144. Bclg. P. 1.72.77)0, 1900; 104819, 1902. O. Stone, E. S. P. 09.7180, 
1902; abst. J. S. C. I. l‘KI2, 21, 470; Chem. Zts. 1902, 2, 9; J. A. C. S. 1902, 
24, 421; Mon. Sci. 1902, 58, 184 (assignor to N. J. Zinc Co.), IL S, P. 711180, 
1902; abst. J. S. C. I. 1902, 21, 129,7; Chem. Zls. 1902, 2, 1.78, 274, J. A. C. S. 
1902, 2S7R, 242. Tentelew Chemical Co. ((1. Eschelhnann and A. Har- 
imith, assignors), IL S. P. 79220,7. E, P. 11909, 1902; abst. J. S. C. 1. 1902, 
22. 095'; Mon. Sci. 1905, 63, 140; J. A. C. S. I9()0, 28-R, 75. V'erein Chein- 
isehcr .Fabriken in Mannheim, D, R. P. 1428,75. Aust. P. 1.7229, 1902. F. P. 
222491; 1902; abst. J. S. C. I. 1902, 22, 495; Chem. Centr. 1902, 74, II, .525; 
Jahr. Chem. 1902, M, 245; Chem. Ztg. 1902, 27, 820; Wag. Jahr. 1902, 49, 
I, 2.50' Chem. Zts. 1902, 2, 214; P,K)4, 3, 12, 422. 1C. Wenmaekers, IC. P. 
19902, llKll; abst, J. S. C. 1. 1902, 21, 1294; Chem. Ztg. 1902, 27, 124. IC. 
Wilke, U. S. P. 1270997, 1918; abst. J. S. C. I, 1918, 37, .579-A; C. A. 1918, 
12, 1913; Ami. Rep. Soc. Chem. bid. 1918, 3, 105. G. Wischin, 1C. P. 12419, 
11H)2; abst, J. S, C. I. 1!K)4, 23, 714. T. WolIT, 11. S. P. 10997)20-1914; abst. 
C. A. 1914, 8 , 2782. 
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(2) The elRcient mixing of the vai'ioiis gases at all stages. 

(.^) The absorption of the sulfur trioxide formed. 

As regards the initial purification of the gases, this may be 
said to be the chief factor on which the success or failure of a 
])lant depends. Ifxcept in the case of the iron oxide catalyst, 
when unpurified burner gases are used directly, it is first of all 
necessary to submit the Inirner gas to an exhaustive imrification 
before passing it to the contact mass, as otherwise the latter 
rapidly becomes poisoned and inactive. Ivven with the iron 
oxide catalyst, it is imperative that the air used in the pyrite 
burners should be dried before use.' 

'flic earlier proposals- refer to the passage of the gases through 
settling chambers, but this is quite inadequate. G. Gin'' cools 
the gases, removes SOj fog by absorption in sulfuric acid, and 
then absorbs the S(b in water, from which it is driven off by 
heating. H. Rabe' refrigerates the gas, and filters it t'.irough a 
heavy layer of asbestos. It is then conducted over shelves con¬ 
taining bisulfites to remove SOa, and then through a tower fed 
with strong sulfuric acid. G. Stone’’ draws the mixture through 
compartments, alternately filters and condenses. The arsenic is 
also statefl to be dejwsited on ware gauzes or suitable filtering 
devices. Filtration is also proposed by J. Shields." M. Scliarff 
and If SlanuF pass the gases over heated oxides of iron, copper, 
chromium, manganese, or mixtures of these to remove arsenic, 
and through infusible granular bodies consisting of clay, coke,* 
furnace slag, phosphates and silicates of the alkalis heated to 
.').-)(l°~4lll)°, to effect purilication. 

In the Badische Frocess" the gases are treated with steam, 

1. W. Hasenixu'h, t'. S. P. OTll.s.'iit, 1901; ahst. Mnii. .Sol. 1901, 57, 
l.‘)l,2Sl. 

2. A. lligelow aiul S. llaltlwin. It S. P. 90007, l.SOO. It. I.aming, 
Poly. Cuntr. 1849, 15, l.’ilO. Dint;!. Poly. 1819. 112, 281; 113, 228. J. 
(looilfellow tind 1'. Sabbaton, 11. S. I*. ItOO.’M, 18711. 

11. IJ. 8. P. 7111819, 19011; abst. Clieiii. Zts. 1904, 3, 47, 101; J. A. C. 
.S. 1901, 26-R, 80; Chem, Ztg. 19011, 27, 814. 

* 4. I). S. P. 7119108. 19011, abst.J. A. C. S. 1904, 26.R, 19.>, Mon. Sci. 

1904,61, 8. 

r,. U. vS. P. 7o,S222, 1904; abst, J. A. C. S. 1904 , 26-R, 471. U. S. P. 
711187, 711188, 1902; abst, Chem. Zts. 19011, 2, ir)8, 274; Chem. Ztg. 1902, 
26, 1001 . 

f). lb S. P. 791174,5, 1905. 

7. II. .S, P. 798210, 7981102, 1905; abst. J, A. C. S. 1900, 28-R, 177, 
178; Mon. Sci. 1900, 65, 18. 

8. R. Knictscti, V. S. P. 82211711, 1900; abst. J. A. C. S. 1900, 28-R, 5119. 
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then cooled and washed, and finally dried by’ passing over coke 
impregnated with sulfuric .acid. . 

(). Jonas' removes arsenic from the gases by passage through 
towers fed with acetylene' tetrachloride, or diyhlorobcnzene. G. 
Rschellmann" pa.sses the gas through a cooler, the)i through two 
coke filters, and finally through a tower fed with milk of lime. 
J. Herreshoff'* passes the gases through a dust chamber, then 
through a series of combined scrubbers and coolers, and finally 
into a drier. H. Hegeler and N. Heinz' mix the gases with cool 
gases of the same SO 2 content, aspirating them through a tower 
fed with sulfuric acid, and finally drying. W. Rockliff and J. 
Booth* submit the gases to the centrifugal action of a spiral de¬ 
flector, which throws out dust and solid impurities. I'o remove 
chlorine, hydrochloric acid, hydrogen sulfide and sulfuric acid 
mist, C. Reisc® cools the gases and pa.s.ses them over quicklime. 
The method of electrostatic precipitation has been proposed by 
F. Cottrell' for the separation of dust and impurities from the 
gases. The latter are led through a flue containing a number of 
screens arranged in pairs, 'file first screen of each pair is fed 
with dilute sulfuric acid, aivd the second with fuming sulfuric 
acid. An acid mist is thus formed, which is precipitated by the 
electrostatic method. To obviate excessive use of sulfuric acid 
in drying the gases, H. Howard* first partially dries by cooling. 
'I’he latter process has also been proposed by J. Herreshoff,'-’ who 
introduces first a preliminary wash with sulfuric acid of 40° Be., 
and then cools from 200° to 100° F. 

The gases, after proper purification, are next passed over 
the contact mass, which, as previously descril>ed, consists in the 
apparatus actually in use almost exclusively of platinum in some 

1. U, S. P. 89170.3, 891775, 1908; ahsl. Chum. 7Ag. Rep. 1908, 32, 389, 
Mon. Sci. 1909, 71, 113. 

2. H. Eschellmann, 1.'. S. P. 'KMgHlO, 1908; aijst. Cliem. Ztg'. Rep. 1(H)8, 
32, .'584. H. lischellmann and A. Ilarmuth, U. S. P. 937147, 937148; aOst. 
Mon. Sci. 1910, 73, 82. 

3. U. S. P. 940,596, 1909. 

4. IJ. vS. P. 931868, 11X19; abst. Chem. Ztg. Rep. 1909, 33, .531. 

.5. U. S. P. 922.516, 1909. 

6. U. vS. P. 989801, 1911; abst. C. A. 1911, 5, 21,59; Chetn. Ztg. Rep. 

1911, 35, 342. 

7. U. S. P. 1016476, 1912; abst. C. A. 1912, 6, 796. 

8. U. .S. P. 1028880, 1912; abst. C. A. 1912, 6, 2499; Chem. Ztg. Rep. 

1912, 36, 405-, Mon, Sci. 1912, 77, 133. 

9. \J. S. V. \\V3437, 19U-, abst. C. A, V9\4,6,3812-. Cbctn. Ztg. Rep. 
1915, 33, 2q. 
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. form, or of iron oxide. Numerous otfier catalysts have, how¬ 
ever* been proposed. The platinum and iron oxide catalysts arc 
described in detail in later sections, but the other catalytic ma.s.ses 
which have been proposed may be noticed in this place. A com¬ 
prehensive list of catalysts include: 

(1) Platinum in the form of platinized asbestos or ferric 
oxide, platinum sponge, and, in the Schroder-Grillo process, plati¬ 
nized magnesium sulfate. 

(2) Oxides and sulfates of iron, chromium,' nickel, cobalt, 
manganese, uranium, vanadium,- titanium,'' ferro-titanium,^ 
and ccjppcr. 

(.')) Oxygen compounds of aluminium, beryllium, zirconium, 
cerium and didymium. 

(-1) Mixtures of (2) and (2), and of (1) with (2) and (3). 

(5) Ultraviolet light,'' or radioactive material." 

(Cl) Ivlectrical discharges,’ or contact masses electrically 
heated.* 

Methods of promoting efficient mixing of the gases proceeding 
to the contact mass have been described by R. Knietsch.” The 

1. A. Matignoii et al, 1C. P. 8102, 1008. K. P. 8713629, 1907. A. Clas¬ 
sen, n. K. P. 2748-1.7. A. Clenmi, \V. Haseiihaeh and Vercin Chora, Pabr. 
Mannheim, It S. P. 729785. Iv. P. 4610, P.lOl. Iladi.sche Anilin u. Soda- 
fahrik, li. 1'. 10729, 1901, C. Ijllis, U. S. P. 1204141, 1204142, 1204148, 
1227044. li. P. 110776, 1916. Can. P. 177145, 186962. 

2. Zls. aiiorg. Chem. 190.5, 4.58. Hadise-he Anilin u. Hndafahrik, 
1C. P, 28.541, 1918; ab.sl. J. S. C. J. 1915, 34, 8i.J8; .Ann. Rep. Soc. Chem. link 

1916, 1, 112. D. K. P. 291792, 1918; ahst. C. A. 1917, 36, 1024. Norw. P. 

27449, 1916; ef. F. Fahrcnwald, Hull. Amer. Inst. Min. ling.; abst. Chefn. 
Trade J. Jan. 6, 1917; J. S. C. I. 1917, 36, SI, H. v. Keler and A. Weindel, 
Ik ,S. P. 1102(i70; F, P. 460074, ahst. J. ,S. C. I. 1914, 33, 22, 881. Can. P. 
1907.5.5, 1919; abst. C. .A. 1919. 13, 1747. Soc. Anon. Conidelon, K. P. 5174, 
1918. IX R. P. 266190; abst. J, S. C. 1. 191.8, 32, 791. F'arb. vonii. F. 
Bayer & Co.. K. P. 15165, 1918. I). R. P. 280960. F. P. 460014; abst. 

Mon. Sci. 1914, 81, 74. li. P. .8.545, 1901; abst. J. S. C. I. 1902, 31, 475. 
U. .S. P, 6.8788-1. 

8. P. Fartip, F. P. 454898; abst. Mon. Sci. 1914, 77, 10. 

4, P. Farnp, 1C. P. .5079, 1918. IX R. P. 268892. Norw. P. 22895. 
P. S. P. 1219288. Abst. C. A. 1917, U, 1.526. J. S. C, I. 1913, 32, 807; 

1917, 36, 4.57. 

.5. A. Coelm and If. Becker, D. R. P. 217722, 1907; abst. C. A. 1910, 
4, 1,581. 

6. W. Ilallock, tk S. P. 980471, 1909; abst. Mon. Sci. 1910, 73, 81, 

7. li. Riescnfeld, D. R. P, 229274. I. Kitsec, II. S. P. 869094. H. 
Khhne, li. P. 17.520, 1908. F. Cottrell, li. P, 21147, 1907. C. Jacobs, U S. 
P. 704,881, 1902. H. Bradley, li. P. 101.52, 1911. 

’ 8. C. Brockbank, tJ. S. P. 1157298; abst. J. S. C. I. 191,5, 34, 1197. 

9. U, S. P. 688020, 1901; abst. Chem. Zts. 1902, 1, 479; J. A. C. S. 
1902, 24, 261-, Mon. Sci. 1902, 58, 71. U. S. P. 688469, 1901; abst. J. A. 
C. S. 1902, 24, 'J62; Mon. Sci. 1902, 58, 72. VJ. S, P. 088470, 1901; abst. 
1. A. C. S. 1902, 24, 262, Mon. Sci. 1902, 58, 72 
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gas is usually led througb a number of small pipes containing the 
contact body. 

The proljlem of the absorption of the product of reaction is 
one of great importance. • If it is attempted to absorb the sulfur 
trioxide in water, a line mist of fog of sulfuric acid droplets is 
formed, which is only with tlie greatest difficulty absorbed by 
water. It has been inferred that this is due to a peculiar ves¬ 
icular constitution of the droplets, but there is no evidence to 
believe that the property is due to other than the surface tension 
effect of the small droplets, and also to electrostatic charges u])on 
them which prevent their coalescing or farming liquid in bulk. 
This property is frequently observed with wet vapors, and if these 
are dried the droplets usually coapt. This has been used in the 
present case by passing the gas containing sulfur trioxide directly 
into strong sulfuric acid, when absorption readily occurs. G. 
Stone' pa^iscs the gas through a cooled tower, dowai which dilute 
sulfuric acid trickles, the tower containing tubes. The use of 
dilute acid appears not to be of advantage. In the process of 
J. Herreshoff,- which has been largely used, the gas is jiassed into 
':)y)% sulfuric acid, and the latter niaintained at a constant strength 
by the regulated addition of water. In the method of R. 
Knietsch, ' the sulfur trioxide is absorbed in oleum containing at 
least 27% free SO.i, which does not attack iron. M. Schroeder^ 
prefers dilute acid in a tower, to bring about intimate contact. 
It would appear, however, that irrespective of the efficiency in 
mixing, fog is produced, and all proposals to use dilute acid or 
water must be regarded as retrograde steps. It is true that the 
mist may afterwards be thrown down by electrostatic precipita¬ 
tion," but the absorption in strong acid seems to offer a prepon¬ 
derance of advantages. The distribution of the absorbing me- 

1. U. S. P. ti!W180. 1902; al)st. Cheiii. Zts. 2, 9; J. A. C. S. 1902, 
24, t.21; Mon. Sci. 1<K)2, 58, 1K4. 

2. i;. S. P. 722981, 190;i; al)st. Chem. Zts. 2, 177; J. A. C. S. 
1903, 25-R, 491. U. .S. P. 73702.7, 737020, 1903; al)st. Choin. Zts 1904, 3, 
117, 291; J. A, C. .S. liH)4, 26-R, 190; Mon. .Sci. 1903, 59, 18:1, 

3. U. .S. P. 800218, li«W; ab.st. J. A. C. ,S. 190.'-), 27-R, 2.32; Mon. 
Sci. 1900, 65, 19. II. S. P. 810918, 1900; abst. J. A. C. S. 1900, 28-R, .320; 
Mon. Sci. 1900, 65, 110. Cf. H. Weber, U. S. P. 1233027; abst. C. A. 1917, 
U, 2001, 

4. t'. S. P. 789034, 190.3; abst. Chem. Zts. 1905, 4, 303, 380; J. A. C. 

S. 1900, 28-R, 40. 

5. P. Cottrell, U. S. P. 800843, 800844, 11K)7; ab.st. Chem. Ztj!. Rep. 
1907, 31, 502; Mon. Sci. 1908, 69, 49. 
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dium over the walls of a number of chamljers, in order to expose 
a larger^surface, has also been described;’ however, this is unnecces- 
sary with strong acid, when simple iron towers answer the pur¬ 
pose. The temperature of the acid may be reduced, either exter¬ 
nally by a cooler,’’ or by allowing cold water to flow over the walls 
of the absorption chamber.’ 

Platinum Catalysts. According to G. Lunge,'' 1 kgm. of 
platinum in the form of platinized asbestos, should produce in 
a satisfactory process from (iOO to 700 kgm. vSOj per 24 hours. 
The action of the catalyst may consist in the production of an 
intermediate oxide, which is alternately formed and reduced, 
although II. Wieland' suggests that the presence of moisture is 
necessary, and that the reaction is 

vSO. + H-.0 = H.2vSO, = vSOj + H.., and 211.. + O. = 2H..O. 


I'his theory seems highly improbable. The catalytic action of 
platinum in the process has also been investigated by a number 
of experimenters.'’ 

The particular physical form in which the platinum is used 
varies cousideralily. The preparation of active platinized asbes¬ 
tos has been described by C. Winkler.^ In general, the asbestos 
IS washed with strong hydrochloric acid, and thoroughly soaked 
in a solution of platinum chloride made alkaline with soda and 
mixed with sufficient sodium formate .solution to reduce the 

1. It. lischellmaiin and A. Hannuth, t'. ,S. 1’. 891702, 1908; abst. . 
Chom. Ztg. Rep. 1908, 32, 

2. I. Cox. U. S. P. 1002821, 1911; abst. C. A. 1911, 5, .'lOtl; Chem. 
Ztg. Rep. 1911, 35, 545. 

;i. T. liriggs and H. Mcrriam, U. S. P, 10i:i6:i8, 1912: abst. C. A., 
1912, 6, 671; Chem. Ztg. Rep. 1912, 36, 194; Mon. .Soi. 1912, 77, KJO. II. S. 

P, 1082301, 1913; abst. C. A. 1914, 8, 792; Mon. Sci. 1914, 81, 05. Other 
processes are: H. Deacon, E. P. 1908, 1871. O. Dieffenbach, E. P. 26.537, 
1901. L. Bassett, Swiss P. 74444, 1917; abst. C. A. 1918, 12, 83. W. Fer¬ 
guson, ic. P. 6824, 1903. H. Blaekmore, E. P. 27907, 190-1. J. Starck, 

1*;. P. 12028, 1889. L. Bas,sctt, E. P. 100.597, 1916; abst. C. A. 1916, 10, 
2.505. R. Marot, E. P. 14372, 1904. (1. Lunge, E. P. 3160, 1888. G. 
Lunge and C. Gopner, E. P. 1.523, 1878. 

, 4. G. Lunge, “Sulfuric Acid and Alkali,” 4th cd. 

5. Ber. 1912, 45, 685. 

6. P. Wenger and C. Urfer, Ann. Chim. Anal. 1918, 23, 97; abst. C. A. 
1918, 12, 1864; J. S. C. 1. 1918, 37, 368-A. R. Knietsch, Ber, 1901, 34, 
4069. G. Bodliindcr and W. Bold, Zts. Elektrochem. 1905, 11, 373. M. 
Bodcns}cin and C. Fink, Zts. physik. Chem. 1907, SO, 46. R. Lucas, Zts. 
Elektrochem. 1905, 11, 457. 

7. D. R. P. 4566, 1878; abst. J. A. C. S. 1879,1, 3(K); Chem. Zts, 1902, 

1, 13; Wag. Jahr. 1879, 25, 284. 

• 
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platinum. This may'conveniently be carried out in a porcelain 
sink with a flat bottom, the pasty mixture being dried on. a water 
bath, when platinum separates in a finely divided black form, 
closely adhering to the- asbestos liber, the salfs being removed by 
washing with water. A similar method may be u.sed to im¬ 
pregnate the asbestos mats used in the Tentelew process; these 
are washed, dried and stored for use in dust-free aipboards. 
The amount of platinum used varies with the nature of the 
process. In the jilatini/.ed mats, of eross-seetion ft. by 2 ft., 
each contains about 1(1 gms. of platinum. 

It would apiiear that in some processes platinized pumice is 
u.sed. This may be prepared in a similar way to platinized as¬ 
bestos, but J. Partington (|)ri\'ate eommnnication) finds that in 
a number of catalytic reactions pumice, if used as a support, acts 
as a decided anti-catalyst. (fther methods of precipitating the 
platinum ha\ e been described.' 

P. .Sabatier and A. Mailhe- use a network of wires of the 
massive metal, while platinized platinum foil may also be em¬ 
ployed. Inacli\e supi>orts hare been pro|)osed, such as mica," 
meerschaum, clay,'* aluminium oxide," ciuartz or porcelain, the 

1. M. Xoiiniann. I). K.P. l.S,S.Yi.'palist. Zts. atiK. Clieni. 1908. 21, 795; 
Chem. Zentr. 1907. 78, II. 191,8; Jalir. Clu-iii. 190.5 1908, I, :t2.|4; Cliein. 
Ztg. Kep. 1907, 31, .VU; Jiilir. 1907, 53, I, 571; Mon. ,Sci. 1910, 73, 00. 
I), K, I’. 21.S7L’.”>; nlist. Zts. iins. Cliein. 1910, 23, 10.58; Clicm. Zentr 1910, 
81, I, 87.5; Jalir. Chem. 1910. 63, I, 989; Clicm. '/.tg. Rep. 1910, 34, 12.5; Wag. 
Jahr. 1910. SG, I, 002; .Mmi. Sei. 19I.J, 79, 1.58. A. Carey, O. Heslop and 

. The United Alkali Co., E. 1*. iO.’lol, 1902; al.st. J. S. C. I. 1908, 22, 553; 
Chcni. Ztg. 1908, 27, 8.80. H. Neiiendorf, 1), R. I*. 127810, 1,S99; Zts, ang. 
Chem. 1902, 15, 102; Chem. Centr. 1902, 73, I, 504; Jahr. Chem. 1902, U, 
2.32; Chem. Zts. 1902, 1, 1.50, 174; Chem. Ztg. 1902 , 26, 104; Wag. Jahr. 
„ 1902, 48, I. 297; Mon. Sei. 1902. 58, IKl. W. Porter, UU S. P. 012014, 1898. 
Chem. h'abrik, Orie.sheim-lilektron. li. S. P. 971119; ahst. Chem. Ztg. Rep. 
1910, 34, 010; Mon. Sei. 1918, 79, 100. O. N’iedenliihr, 1). K. P. 225705; 
ahst. C. A. lOIl, 5, 1171; Zts. ang. Chem. 1010, 23, 2100; Chem. Zentr. 
1910, 81, 11, 1007; Jahr, Chem. 1010, 63, I. 989; Chem. Ztg, Rep, 1910, 34, 
467; Wag. Jahr. 1910, 56, I, 121: Mon. Sei. 1914, 81, 87. W. Majcrt, D. R. 
P. 184928; ahst. Zts. ang. t'hem. 1902, 15, 1098; Chem. Centr. 1902, 73, IT, 
1022; Jahr. Chem. 1902 55, 282; Chem. Zts. 1908, 2, 275; Chem. Ztg. 1902, 
26, 980; Wag Jahr. 1902, 48, I, 200. R, I.anghaiis, I). U, IC 134788; ahst. 
Jahr. Chem. 1002, 55, 51 I; Chem. Zts, 1908, 2, 281; Chem. Ztg, 1902, 26, 
1180; Wag. Jahr. I9()2, 48, 1, 205. Goldenberg, ('.eroniont & Co., H. 1’. 
018, 19(K); ahst. J. S. C. I. 1001, 20, 250. 

2. E. P. 2011, 191.5. 

3. A. de Montlaiir, I). R. P. 207808; abst. C. A. 1914, 8, 1491; Zts. 
ang. Chem, 1914, 27, 01; Chem. Zentr. 1914, 85, I, 197; Chem. Ztg. Rep. 
1914, 38, 8; Wag. Jahr. 1913, 59, I, 500. 

4. O. Efrem and J. Klaudy, E. P. 143.39, 1899. 

5. Sinmcer, Kellogg & Sons, U. S. P. 1111.502; abst. C. A. 1914, 8 , 
3035; Chem. Ztg. Rep. 1015, 39, 47; Mon. fici. 1914, 8'*, 179. 
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inalcrial afterwards being lieatcd till tlic platimim softens.' Ex¬ 
cept in the latter case (glazed piorcelaiif), rartington finds a 
diminnt'ion in catalytic activity due to the anti catalytic action 
of the support. 

The use of a hollow jicrforaled metal support has been de¬ 
scribed,- cast-iron, copper, aluminiinn or zinc being regarded as 
suitable. I'lie use of iron oxide or oxides of ehrominin or copper, 
or mixtures of these, has also been advocated.■' .M. Schroeder'' 

dissolves a mixture of platinum chloride and another soluble salt 
in water, evaporates to dryness, and heals to decompose the 
platinum, a suitable salt being magnesium sulfate. 

The Badischc Co.'' jioiut out that the catalytic elhciency of 
the platinum is counteracted by the reverse action of the vSOs 
produced, and propose to work in two or more stages, S(l'to 
of the vSfk being changed into ,S():, in the hrst ajiparatns and 
absorbed, and the remainder converted is the succeeding ap¬ 
paratus. In this way an economy of platinum is claimed. Ivs- 
ehelhnann and llarmuth also pass the gases first through a thick 
layer of platinized asbestos, then through a ])erforatcd plate, and 
finally through t?5 layers of ])latiiiized asbestos.'' W. llasenbach' 
uses a plurality of sheets of platinized fabric. 

A loss of platinum appears to occur in t'le contact process,* 
equivalent to about 1 grain jier ton of acid produced. It is sup¬ 
posed that this occurs mcchanicallv, and Partington states that 
in other catalytic reactions the surface of the platirinm becomes 

1. Clicm. lailirik. C.iicslitiin-ldcktroii, Is P. oSD.Stvl, P.)07. 

2. O. Nicdeiifiihr. 1). K. P. 22.)7(l.'), PKI.S; abst. C. A. P.ltl, 5, 1171: 
Zts. aiig. Cticm. 1910, 23, 2190; Clu'in. Zeiili. 1910, 81, II, 101)7; Jatir. Choni. 
1910, 63, I, 9.S9; Chciii. Zl.g, Rep, 1910, 34, 107; Wag. Jalir. 1910, 56, 1, 121; 
Mon. Set. 19M, 81, S7. 

■'1. A. Clemm amt W. llasi'nliacli, H. S. P. (iilOKi.i, 1901; ahst. Cliem. 
Zts. 1902, 1, .yso; J. A. C. ,S, 1902, 24, .>18; M<.ii. .Set. 1902, 58, 78. Hadisclie 
Anilin u. .Sodatabrik, li. P. 10729, 1901; idisl. I. S. C. I. 1902, 21, 51.8; Chem. 
Ztg. It)02, 26, 929; Mon. .Sd. 1908, 59, 7.5. I). R, P. MO:!;'):! 1901; abst. 
J. S. C. I. 1908, 22, 558; Zts. ang. Chcin. 1908, 16, 852; Cliein. Centr. 1908, 
74, I, 940; Jalir. Cliem. 1908, 56, 815; Cliem. Zts. 1908, 2, OkS; Chem, Ztg. 
1908, 27, 898; Wag. hdir. 1908, 49, I, 250. 

. 4, II. S. P. 080924. I.S99. 

5. K. P. 127,81, loot; abst. J. S. C. I. 1902, 21, 772; J. Soc. Dyers 
Col. 1902, 18, 197, 

0. G. lisehcllmann and A. Harmuth. H, .S, P. 10,80508, 1080478, 1912; 
abst, C. A. 1912, 6, 2,500, 8815; Cliem. Ztg. Rep. 1912, 36, 002; 1918, 37, 82. 

7., 1), S. P. 75210.5, 1904; abst. ]. A. C. ,S. 1904, 26R, 40.5; Mon. tici. 
1905, 63, 7. 

8. U. Messel, Chem. Trade J. 1912, 51, 287. 



111() 


TIiCHNOLOGY OU CI3l,l,Ul,OSE ESTERS 


spongy, and minute pieces of metal are carried off by the current 
of gas. As a catalyst" the metal is most active when its surface 
has assumed the spongy condition. 

Methods of revivifying the contact mass have been described. 
If it has been rendered inactive by arsenic, the latter may be 
removed by mixing steam with the gases,* or hydrochloric acid 
gas may be used, or ammonium chloride, sulfur chloride, sulfuryl 
chloride, phosgene, a halogen substituted hydrocarbon, or an acid 
chloride.- 

Oxide of Iron Catalysts. The use of oxide of iron as a catalyst 
for the conversion of SO2 into SO3 was the subject of an English 
patent granted to W. Hunt in ISoIl.** In 18.52 Wohler described 
the catalytic activity of oxides of iron, copper and chromium in 
connection with the conversion of SO2 into SO.,, and the subject 
has been investigated by G. Lunge and others.■* The problem 
was further elucidated by W. Hasenbach* and A. Clemm,* and 
by these two chemists in conjunction,^ on behalf of the Verein 
Chemischer Fabriken of Mannheim, by whom the process was 
developed on a manufacturing scale." The result of this work 

1. Farbwerkc vorin. Mcistcr, Luciu.s S: Briiiiing, li. P. 402(), l!t02; 
abst. J. S. C. 1. 1903, 22, 93. Cie. Parisieiine de Coni. d’Aniliiie, P. P. 318801, 
liH)2; abst. J. vS. C. I. 1902, 21, 14.04, 

2. Badische Anilin u. Sodafabrik, D. R. P. 148190; Zts. ang. Chem. 
19(M, 17, 244; Chem. Centr. 1904, 75, I, 413; Jahr. Chem. 1904, 57, 400; 
Chem. Ztg. 1904, 28, 0.5; Wag. Jahr. 19(M, 50, I, 289; Chem. Zts. 1904, 3, 
400, .TO. R. P. 20915, 1902; IC P. 324751, 1SK)2; abst. J. S. C. I. 1903, 22, 
028; 950. Badische Anilin u. Sodafabrik, Aust. P. 10110, 1903; abst. Chem. 
Zts. 1904, 3, 007. W. Kelsey and the New Jersey Zinc Co., U. .S. P. 1047230; 
abst. C. A. 1913, 7, 085; Chem. Ztg. Rep. 1913, 37, 198; Mon. Sci. 1913, 79, 
99. 

3. E. P. 1919, 18.53. 

. 4. Ann. 18.52, 81, 255; see also G. Lnnge, Ber. 1877, 10, 1824; Chem. 

Ztg. 1883, 7, 29; Zts. ang. Chem. 1900, 80. G. Lunge and G. Pollitt, Zts. 
ang. Chem. 1902, 15, 1105; abst. J. S. C. I. 1902, 21, 1329. U, S. P. 7.58844, 
1904. G. Keppelcr, J. S. C. I. 1!M)2, 21, 1137. G. Lunge and K. Rein¬ 
hardt, J. S. C. I. ISKM, 23, 821. K. Kiistcr, J. S. C. 1. 1904, 23, 982. 

5. U. S. P. 0705.59, 1901; abst. Mon. Sci. 1901, 57, 1.54,’281. U. S. P. 
681098, 1901. 

6. U. S. P. 71098.5, 1902; E. P. 151.51, 1899; ab.st. J. S. C. I. 1900, 19, 
442; 1903, 22, 145. Cf, G. Lunge and G. Pollitt, J. S. C. I. 1903, 22, 79. 

7. A. Clcmm and W. Hasenbach, U. S. P. 0901.33, 1901; abst. J. S. 
C. 1. 1!X)2, 21, 2,54. U. S. P. 7I09&5; abst. J. S. C. 1. 1903, 22, 145. U. S. 
P. 729735, 1903; abst, J. S. C, I. 1903, 22, 795. E. P. 17266, 1898; abst. 
J. Soc. Dyers Col. 1899, 15, 241; Mon. Sci. 1900, 59, 117. In this connec¬ 
tion, compare W. Majert, E. P. 956, 1878; J, and W. Allen, E. P. 1094, 1858. 

8. Ver. Chem. Fabr. in Mannheim, Removal of ar.scnic fronn burner 
ga.ses, D. R. P. 106715. E. P. 17206, 1898. Aust. P. 484. F. P. 280393. 
Bcig. P. 1.37510; abst. Wag. Jahr. 1899, 45, 356. Production of SOj, D. R. 
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was the definite estahlislinient of the following facts; 

(1) When the temperature of the eontaet mass is maintained 
at about ()00°, approximatly (>()'/{, of the SOo is converted into S( h- 

(2) The gases going to the contact mass must be dried by 
passing through strong sulfuric acid, or jireferably the air used 
in the pyrites burners must be dried in this way, and no other 
moist air allowed to pass into the burners. 

(:i) The whole of the arsenic in the burner gas is removed by 
passage through the iron oxide so that the unconverted residue 
of SO-i may be passed to a platinum catalyst without danger of 
poisoning the latter. 

The Mannheim process has been extensively used, in most 
cases in connection with some form of platinum catalyst for com¬ 
pleting the conversion, and has been found satisfactory. In 
British practice, however, it has been found more expensive than 
the (Irillo process, and is not so much favored. Clas containing 
2'4r ■!% SO) is produced from pyrites in special burners, covered 
with .sheet-iron to prevent the entrance of moist air, dried in 
a sulfuric acid tower being used, 'riie gases jiass from four 
burners arranged in a scpiare to a shaft (Fig. 1)1), containing burnt 
pyrites, the material being fed in at the top and removed from 
time to time at the bottom. The temperature in the shaft is 
maintained at about ()()U°, the gases being cooled and passed into 
sheet iron towers containing strong sulfuric acid to absorb the 
SOj. The exit gases’ may then pass to coke scrubbers to filtef 
out acid mist, to a re-heater, and then to a platinum catalyst, say 

P. Kl/iiy.''). IC. P. 17260, 1808. Aust. P. -tSl. K. V. 280;i<«. Hclg. It 
l.'iT.'ilO, U. vS. P. 681698. Swis.s P. 18187, 1899. i'yritcs Inirtior, D. K. P. 
IDStt,'); ]■;. P. 18.59. 1899. Aust. P. 21.59. F. P. 2854.59. Ilolg. P. 14069.5, 
140696. 17 S. P. 6705.59; abst. WaK. Jalir. 1900, 46, i. ,418. Mctliod of 

operating pyrites burners, D. K. P. 108446. K. P. .'1185, 1899. Aust. P. 
4811, F. P. '280;19.'l and additions thereto. HoIr. P. 140(')9.5. Combination 
of an iron oxide and platinum catalytic process, D. R. P. I.'IOI.'JI. H. P. 
24748, 1899. Aust. P. 10510. F'. P. 295248 and additions thereto. Belg. 

P. 147447, 15.5501. U. S. P. 690144. Coppi r or chromium oxide catalyst, 
1). R. P. 142410. E. P. 1610. 1901, Anst. P. 10511. F. P. 29.5248 and addi¬ 
tions thereto. Belg. P, 155.501. Contact oven, comprizing the use of plat¬ 
inum catalyst, I). R, P. 142855, E. P. 16206, 1902. Aust. P. 15449. K. P.. 
424491. Belg. P. 164891. U. S. P. 752165; ahst. Wag. Jahr. 1904, I, 2.50. 
tJsc of arsenical iron oxide as a catalyst, 1). R. P. 154084. Aust. P. 48-1. F, P. 
280393. Belg. P. 147510. Use of copper sulfate for the production of SO.i, 
E. B. 15151, 1890. U. S. P. 716985. .See also D. R. P. 108446. D, R. P. 
146144. E. P. 24748, 1899, D. R. P. 1,54084. W. Wilke, J. .S. C. I. 1906, 
25, 4. Aust? P. 6.594.'i; abst. Ocst. Chem. Ztg. 1917, 20, 14. 
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of asbestos mats impreRiiated with plaljiunn arranged in an iron 
fraiiK' stretching across a fine, to complclc the eoiu crsiond 

Modifications of tlie iron oxide jirocess arc mnnerons. It has 
been proposed to blow the finely divideil oxide of iron into the 
gases by means of a fan or otherwise," when less cataly/.er is said 
(o be reipiired than with a stationary mass. It is diffienlt to see 
what advantage this could have with such a cheap catalyzer as iron 
oxide. The use of mixtures of iron oxide with oxides of the alkaline- 
earth metals, us lime or strontia, ha\'c been pro])osed.'' A catalyst 
composed of alnndum jiarlicles 11) parts, eopiicr oxide t) parts, 
aiul silica 0.7 part is described bv J. Beckman' oxides of chrom¬ 
ium are also referred to,'' while the use of ferric oxide prepared 
from bauxite or bog iron ore is said" to possess advantages. Ex¬ 
periments on the use of roasted ])vrites as a contact agent for the 
oxidation of nndried smelter gas ha-.e been made In' T. Smith.’ 
Numerous modilications of the iron oxide process" ajiiiear to offer 
nothing fundanieutallv new. 

Chromium Catalysts, 'fhe use of chromium sesquioxide as 
a catalyst has alreadv been mentioned in connection with irmi 

1. 11. Dilz and !•. Kaiiliansor, Zts. aiix. Client. lUlS, 31, 141), 1.71; 
ahst. |. s. c. T. mis. 37, r.77-.\; c. A. mm. 13, I m,s. 

2 . !■:. Tavlor and f. licruli. C. S. 1'. 1I.771.7;7, Kll.s; al.sl. J. S. C. 1. 
mm. 35, 17,7; C. A. 1017, 9, :!:i:!7; Mon, Sci. miC., 83, .'{7. J. Melwtridiw, 
V. .S. P. !),S,S(»4lJ: alist. C. A, mil, 5, LM.7,S; Mon. Sci. mm, 77, m. 

li. K, Albert, U. ,S. P. lul.siog, mpj; aim, 1, S. C. I. 1012, 31, im; 
.Mon. Sci. mig. 77, 1.12. I). K. P. 2:i.S;i7l, mil); ai.)sl. C. A. mi2, 31, lOli:!; 

Zls. ani;. Chein. 11)11, 24, 'JllllO; Cliein. Zrnir. P.lil. 82, II, 11)7,S; Clieni. Zls. 
11)12, 11, Ko. 27,S7: Zts. Schiess. Spivn;;’. 11)11, 6, 411; Cdiein. Ztg. Rep. mit, 
35, .7(1.4; Wag. lahr. 11)11, 57, 1, 421. 

4. t:. S. P. l()()7.7m. mU; aUst. C, A. 11)12, G, lid; Cliem. Ztg. Rep. 

mi2, 36, 10.7; Mon. Hei, 11)12, 77, 17(1. 

>7, A, Matignon, R. Traniuiv, I'l. labani, I'kige, -A. Vcrley, P. P, 
.Sl()2, m((.S; abst, J. S. C. 1. mO.H. 27, DID. 

0, 11. P'riizweiler, 11. Stner and Clieni. Fabr. Rhcnania, Iv. P. Il)!)0.7(>, 

11)17; abst. J, S. C. I. lUbS. 37, nOC.-A; Mon. Sci. miU, 86, 111. 

7. T. Sinilh, Ciu'in. I'lng. lOOll, 9, ,‘>7; abst. C. .A. 11)01). 3, 1204. 

8. 11. P'ra.sch, P. S. P.'lililliliO, IIKKI; abst. Client. Ztg. 11)01, 25, .70. 

V. Ragosinc anil P. Dvniknvitcli, li. P. 12700, 1,S,S7. b. Bassett, tJ. S. P. 
im7.'i:Jl; abst. C. A. miO, 10, 2007. Can. P. 11)2(102; altst. C. A. 11)11), 13, 
2742. H. Blaekmore, tb S. P. 080021. 080(122, 1001; It. P. 1101)7, 11)02; 
altst. J. S. C. I. m02, 21, Oi l. II. Ililbint. li. P. 1)4.74. 1004; Heft;. P. 1001)12, 
1004. Bayer. A. C,. llcufeUl. 1). R, P. 104,847; 170.78,8. C. Krauss and R. 
von Berncck, U. 8. I’. 7(K),7I2. 11102. 11. Hiingkdi, K. P. 11702. 1001; D. R. 

P. 121000, 1000. Ht4g. P. 157(104, lOOI. I. Lilinic, U. S. P. 1104.722, 1014; 
abst. J. -S. C. I. mil, 33, Oil). A. S(4)ilIol and b. Mauclaire, li. P. 2192. 
1009. T. Wrampdtncier, U. S. P. 048017; abst. C. A. 1010, 4, 1090. W. 
Alcock and G. Davis, li. P. lOOSl, 101.7; abst. J. S. C. I. 1017, 36, 82. W. 
Hasenltadi, IF. 8. P. 08100.8, 1001. II. Nisliida, Jap. P. ,41072; abst. C. A. 
1018, 12, 2248. . 
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oxide. Its activity depends largely on its method of preparation. 
Generally speaking, it may be said that chromium oxide fqr use 
as a catalyst should be prepared at a low temperature, as the 
oxide which has been ignited is much less active than that made 
by precipitation and gentle heating, A porous oxide is prepared 
by the ignition of ammonium bichromate or chromium nitrate.' 
Metallic chromium, or its alloys with vanadium, and iron or alloys 
of iron, and molybdenum, or with silicon and manganese, or 
silicon, manganese and aluminium, have been proposed,'' I'lie 
Verein Chemischer Kabriken of Mannheim" describe oxide of 
chromium impregnated with platinum, as well as copper and iron 
oxides with platinum. C. Kllis" has patented a mixture of chrom¬ 
ium oxide with a tin compound, whereby tin chromate or chromium 
.stannate is formed. Instead of tin, lead, antimony, bismuth or 
cadmium oxides may be used, as when a mixture of ammon¬ 
ium bichrpmate and antimony chloride is ignited. 

Chromium oxide obtained by the ignition of ammonium bi¬ 
chromate is very voluminous and dusty, but may be compressed 
into pastilles without losing its activity, whereas the denser oxide 
obtained by the ignition of chromium nitrate is much less active. 

Titanium Catalysts. The use of titanium as a catalyst, 
usually associated with iron as the mineral ilmenite, FeTiOs, has 
been propo,sed by P. Farup.’’ The mineral is treated with con¬ 
centrated sulfuric acid (1 to 2 times the weight of the ilmenite), 
and heated, when it swells up, and yields a porous mass, which 
is then heated to 700°-00()° to drive off sulfuric acid. 

Vanadium Compounds as cat’alysts for the conversion of 

1. A. Matignon, R. Trannoy, R. t.Trbaiii, A. Feige and A. Verley, R. 
P. 81U2, imiR. F. P. .376(129, 1907; abst. J. S. C. I. 1907, 26, 1008; 1908, 27, 
940. Belg. P, 207249, 1908. 

2. A. Classen, D. R. P. 274.34.6, 1913; abst. J. S. C. 1. 1914, J3, 788. 

3. A. Clcmm, W. Hasenbach and Verein Chemischer Fabr.-iu Mann¬ 
heim, 11. vS. P. 729735; R. P. 4610, llKll; abst. J. vS. C. I. 1902, 21, 2,53; 1903, 
22, 79.5, Badisehe Anilin u. Sodafabrik, R. P. 10729, 1901; abst. J. S. C. I. 
1902, 21, .548, 

4. C. Rllis and H. Welter, U. S. P. 1204141, 1204142, 12(M1.43, 191.5; 
abst. J. S. C. I. 1916, J5, 1260. U. .S. P. 1227044, 1917; abst. J. vS. C. I. 
1917, J6, 711. C. Rllis, R. P. 110776, 1916; abst. C. A. 1918, 12, 518; J. S. 
C. I. 1917, 36, 1272. Can. P. 17714.5, 186962, 1917; abst. C. A. 1918, 
U, 83, 2667; U. S. P. 13149.52; abst. C. A. 1919, 13, 2742; J. .S. C. I. 1919, 
38 817-A 

5. P. Farup, R. P. .5079, 1913. I). R, P. 263392. F. P. 4.54893. 
Norw. P. 2289.5. P. S. P, 1219288. Abst. C. A. 1917, 11, 1.526. J. .S. C. I. 
1913, 32, 8t)7; 1917, 36, 4.57. Belg. P. 2.54287, 1913. 
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SO 2 into vSOj have been investigated by Jc Kiister and Franke,’ 
who state that vanadium pentoxide acts similarly to ferric oxide, 
but is more permanently active. 'I'he Badische Co.- also pro¬ 
pose the use of vanadium compounds spread on a finely divided 
indifferent carrier such as finely ground jiumice, the granules of 
which have a diameter not exceeding 20 microns (().0()2 cm.), 
'rims, pumice is mixed with ammonium vanadate and heated, 
first in air to drive off ammonia and then in gases containing 
sulfur dioxide to activate the catalyst. Or kiesclguhr or pre¬ 
cipitated silica may be combined with a solution of a vanadate, 
and the mixture granulated and treated as before. Silver vanadate 
may be used.* Other methods of preparation have been described 
by Soc. Anon. Conidelon,* and Farbenfabriken vonn. IC Bayer 
and Co.* 'riie latter employ a mixture of vanadium pentoxide 
and silver vanadate. F. de Haen* has described a similar process, 
a mixture of air and Stb being passed over asbestos impregnated 
with VCOj. 11, v. Kcler and A. Wcimlel propose the use of a 
silver vanadium compound.’ 

Radioactive Catalysts, 'riie use of radioactive catalysts has 
already been referred to.* 'riiey appear unlikely to be useful on 
a technical scale. 

Other Catalysts have been projiosed, but there is no informa- 
tion indicating whether these have ever been practically used, 

1. Zts. anuig. CIk'Iii. I!K).s, 42, l.Vi; abst. Clioiii. Ceiitr, 1110"), 76, I, .'igX. 

2. Badisdie .41111111 11 , Soilafabrik, li. P. 2h.>tl. IIU.'I, abst. J. S. C. !.♦ 

Ihl.s, 34, 8h,'{; Ann. Itcj). Soc. Chein. tiKi. Ihlfi, 1, 112. L). K. P. 2!117t)2, 

niLi; abst. C, A. 1917, 3G, 1021; Zts. ang Clicni. Ihlli, IW, 2711; Clicni. Zcnlr. 
IIIH). 87, I. 10-18; Chern. Ztg. Rctv 1010, 40, 211. Norw. P. 27140, 1010; 

abst. C. A. 1017, U, .720. Cf. P. Fahrenwaltl, Hall. Anior. Inst. Min. Bngc 

ab.st. Clic-ni. Trade J. Jan. 0, 1017; J, S. C. 1. 1017, 36, 81. 

.1. H. V, Kclcr and A. Weindcl, U. S. P. 11(12070; P. P. 4li(KI71; abst. 

J. S. C. I. 1014, 33, 22, 8;!1. Can. P, 1007.>'), 1010; abst. C. A. 1010, 13, 

1747. 

4. Soc. Anon. Conidcloii, K. P. ,''1174, lObi, U. U. P. 2110100; abst. 
J. S. C. 1. lOI.'i, 32, 701. 

•I. P'arb. vorm. P'. Baver Ik Co., Iv. P. 1.51(5.7, 1012. D. R. P. 280000. 
P. P. 40(K)14; abst. Mon. Sci. 1014, 81, 74. Ikdg. P. 2581.57, 1012. 

(). K. P. S.5-15, 1001; abst. J. 8. C. I. 1002, 31, 47.5. II. S. P. 087824. 
Belg. P. 1.5010.5, 1001. Cf. A. Heimrod and H. Ivgbcit, Chem. Trade J. 
Pel). 1.5, 1010; Chem. Met. ling. 1018, 19, 200; abst. C. A. 1010, 13, .501, 

7. Can P. 1007.55. 1<120. 

8. A. Cochn and li. Becker, 1). R. P. 217722, 1007; abst. C A. 1010, 
4, 1,5:M; Zts. ang. Chem. 1010, 23, 704; Chem. Zentr. 1010, 81, I, .585; Jahr. 
Chem. 1010, 63, I, 520; Chem. Ztg. Rep. 1010, 34, .50; Wag. Jahr. 1910, 
56, I, 419; Zt.?. iSchiess. Spreng. 1910, 5, 52; Mon. Sci. 1012 , 79, 1.58. W. 
llallock, U. S. P. 02g471. 1009; abst. Mon. Sci. 1910. 73. 81. 
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ajicl if so, with wluit rtstilts. The ciiiploynicnt of copper salts 
has alreai^j' been mentioned.' C. Kllis proposes the use of selen¬ 
ium and tellurium compounds;- arsenic pent oxide, according to 
Lunge and Reinhardt, although the trioxide„ acts as a catalyst 
poison;'* while other proposals deal with ijhosphoric acid on asbes¬ 
tos,'* nickel,*’ metals of the tantalum groui),** ferrosilicon,' various 
alloys,* rare earths such as oxides of cerium, lanthanum, yttrium 
and thorium,'* beryllia, alumina, zirconia, etc., with oxides of 
iron, nickel and chrominm,"’ together with other mixed catalysts 
of which it is dilTicnlt to form a clear idea of the com])osition." 
The use of calcium sidfatc,and of ozone,"’ has been recorded. 

Electrical Processes. The production of sulfuric acid by the 
action of the electric discharge on mixtures of stdfnr dioxide and 

1. A. Clcniiu, T'. S. P. TUt'.tS.’t, lOOg; aljst. Clu'in. /.ts. I'.IOli, 2, ;t7a; 
J. A. C. S. Hl(«, 25R, .-m; Mon. Sci. lOU.'i, 59, 1(10. It. Deacon, K. P. 2041, 
1K70; 7.‘.;!,rI.S71: OliOlt 18.S8. 

•2. U. S. P. 1II«0I7, ah.st. T. S. C. I. 1914, 33, S04; C. A. 1914, 
8, 8101; Zts. ans!. Chetn. 1910, 29, I, liO; Mon. Sci. 1911, 81, 178. Sec ('.. 
I.iingc anil K. Pcinliardt, J. S. C. 1 1901, 23, 821. 

8. K. Opl, Clicm. Ztg. loo.-), 29, 787; ahst. Jalir. t'lum. 190.8-1908, 
1, 1018. 

4, Cie. Par. de Coni. d'.Aniiine, I'. I’. 81.8770. 1902; ahst. J. .S. C. I. 
1902, 21, 14.88; Cliem. Zts. 1908, 2, 274; Mon. Sci. I90:i, 59, 122. 

n. (1. Scliichl, Akl. (les., Ansi. P. 70771. A. Wells. I . S. P. II79I84; 
abst. J. S. C. 1. 1910, 35, 028; Clieni. Zlg. Rep. 1917. 41, 128. 

0. Ilonhard X- Lover. P. P. 8217,7:!. 1902; abst. J. ,S. C. I. 190.8, 22, 
212; Chein. Zls. I90:i. 2, .829. 

7. A. V. Criitzel, ]■. P. 74.82, 1901; abst. [. S. C. I. 190.8, 24, 882. 

8. i;. Anderson, IC. P. 7.S.89, 1918, P. P. .I.",7.809; abst. t.'. A, 1914, 8 , 

'2040, .8228; J. S. C. 1. 191 J, 33, 470; Clieni. Ztg. Rep. 1914, 38, 8. A. Clas¬ 
sen, D. R. P. 27484.5; abst. C. A. 1911. 8, 8101; Client. Zentr. 1914, 85, I, 

2077; Wag, Jabr. 1914, 60, 1, 292. Swiss P. 08190, 1914. L Pintzsch Akt. 
Gcs., E. P. .',020. 1912; abst. C. A. 1918, 7, 2721; ,T. S. C. 1. 1918, 32, 091. 

' 9. V. Hiilbling and 11. Ditz, 1). U. P. 1421 I I, 1902; abst. Zts. ang. 
Che.m. 1908, 16, .'i.S:!; Chetn. Centr. 1908, 74, 11. 70; Jalir. Chem. 1908, 56, 
84.>: Chem. Ztg. 1908, 27, .‘>99; Wag. lahr. 190;!, 49, I, 200; Mon. Sci. 1904, 
61, 0; 190.7, 63, 1.8.‘); Chem. Zts. 1904,3, 18, 270, .701; J. ,S. C. I. 1908, 22,794. 
P. P. 820821. 1902. E. P. 212.70, 1902; abst. J. S. C. I, 1908, 790, 1248. 
Farb. vorm. P. Haver & Co., P. P. 100074, 1918. .Sec C. Hohni, Chem. Ind. 
1918, 120. 

10. It. V. Kelcr and A. Wcindel, C. S. P. 1102070, 1914. F. P. 400074, 
abst. J. S. C. I. 1914, 33, 82, ,881. Can. P. 1907.77), 1919; abst. C. A, 1919, 

13, 1747. 

11. J. Dewar and .A. Licbmann, E. P. 12981, 1918; abst. C. A. 1914, 8 , 
8848; J. .S. C. 1, 1911, 33, 797. Hadiseh ; Anilin u. .Sodafabrik, E. P. 0828, 
1901; abst. J. S. C. I. 1902, 21, 844; J. Soc. Dvers Cnl. 1902. 18, 114. 

12. II. Hilbert, IL P. 889082, 1908; abst. Mon. Sci. 1909. 71, 111. 

1,8. A. Gcrniot and H. Fievet, L. S. P. 097188, 1902; E. P. 2407,'1901; 
abst. J. S. C. I. 11KI2. 21, 170, 1189. See alsoTerrisse, Hull. Soc. Ind. Mul- 
house, 1902, 209; abst. J, S. C. I. 1908, 22, .7.78. H. lliitchinsdn, E. P. 2848, 
1888, abst. Wag. Jalir. 1.881, 30, 1288. 
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air or oxyK^^u lias been deseribcd by I. Kitsee,' K. Riesenfeld,- 
II. Kubiie,-* and F. CoUrcll.'' The Carb(.»imduin Co. of Niajjara 
b'alls {iroposes an eleclrieally beatcd contact mass/' while the 
electrolytic oxidation of siilfnrons acid in solution has been 
described.'’' 

Absorption of Sulfur Trioxide. 'I'he dilhcnlty of absorbing 
sulfur trioxide in water or dilute sulfuric acid has already been 
touched upon. In this C(jnneetion it must 1 k' remembered that 
a consulerable amount of sulfuric ac id is used in nianv contact 
processes for drying gases, and in the Badische ])rocess dilute 
acid is also producetl by scrubbing the burner gases in the purilica- 
lion jjroccss, .and tliis weak acid must again be brought up to 
strength. In the liadische jirocess (i' ,, to S' , of the total sulfur 
oxides are removed in the washing, and as the gases after this 
process are moist, a considerable amount of sulfur trioxide (up 
to tiO'//), are reimn ed as IbSOi in the drying. 

In the Badische ])roccss of absorption, three lowers contain¬ 
ing sulfuric acid are used. 'Hie first i-ontains '.IS' , H/SO.!, which 
is enriched to oleum containing 2.1',. free SO.,, wbich passes to 
the second tow'cr in wbich it is brought u]) to bU'/, free Stfi. 
Tile third tower contained GO'lIiSOi, wliich is concentrated to 
Its' , acid for the first tower, .\ccording to Knictsili, acid of 
strength less than ‘.)7',,'-9.s',, II.j,SO,| should not be used in the 
fust tower, otherwise loss as fume will occur, 'fhc-se towers are 
constructed of iron, wrought iron standing the action of the 
fuming acid containing more than 27' , free vS(),. The absorbers ’ 
containing acids with less >St.):i, are constructed of cast-iron. Th.e 
gases are passetl into the acid through serrated iron hoods. 

The temperature of absorjition should be between '.l.‘)° and 

1. U. .S. P. Sli'.IO'.ll, P.)(I7; al.sl. Mun. ,Sci. I'.IIIS, 69, aU. 

2. D. R. P. 22!l27t, lUUU: nb.st. j. S. C. 1. Pill, 30, 12'); C. .A. lull, 

S, 2;iM; Zts. aiig. Cliem. iilll, 24, .S.S; Chein, Ziiiti. 11)11, 82, I, 17.S; Clicm. 
Ztg. Kcp. PJll, 35, ;i; Wag. Jahr. lull, 57, I. 122. 

13. li. P. 17.720, 1008; ahst. J. S. C. I. lUO'.l. 28, '.)82. Helg. P. 210029. 

1908. 

* 4. li. P. 21147, 1907; alxst. J. .S. C. I. P.H).H, 27, 104. 

5. C. Brockbaiik, as.sigiior to Tlie Carborundum Co., tl. ,S. P. 11.57298, 
1914; absl J. H. C. 1. 1915, 34, 1197. 

(). C. Jacobs, tJ. S. P. 704,S:U, 1902, absL. J. ,S. C. I. 1902. 21, 1077; 

J. A. C. S. 1903, 25R, 100; Mon. Sci. 1902, 58, 181. H. Bradley, E. P. 
10152,'1911; abst. J. S. C. 1. 1911, 30,930. 
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115° I'V and preferably at or near the latter temperature. 

The acidity of thtf effluent from contact plants has been 
examined,- the e.stimation of acidity following the usual linfs. 

11. Weber’ absorbs sulfur trioxide in cooled and stirred 100% 
sulfuric acid until at least 5% of the anhydrtde is absorbed, and 
then adds , dilute sulfuric acid until the strength is reduced to 
By proceeding in this manner, the difficulties of absorbing 
sulfur trioxide in weak acid are avoided and iron vessels may be 
used. 

Properties of Sulfur Trioxide. S( ):i contains -l( 1.05% by weight 
of sulfur and 50.05% of oxygen, its molecular weight being SO.OO. 
According to H. Giran’ the densits- of the vapor at the moment 
of fonnation corresponds with the simple formida. Karlier ex¬ 
perimenters’ noticed that the substance may exist in two mod¬ 
ifications, called liquid sulfur trioxide, or a-.S():i, and solid sulfur 
trioxide, or /l-vSOa. 'I'he former is the first product of the con¬ 
tact process, and results when sulfuric acid is distilled with phos¬ 
phorus pentoxide, or when fuming sulfuric acid is distilled. I'he 
solid form is produced from the liquid upon keeping for some 
time, partiailarly in presence of traces of moisture. Liquid sulfur 
trioxide purified by repeated distillation over phosphorus pent- 
oxide, is a colorless fluid,'' which oh cooling solidifies to long color¬ 
less needles, of sp. gr. 1.0457 at 11..8°, m. pt. 10.70°. The specific 

1. I. Cox, K. P. 8.i28, Ktll; ahst. C. .5. I<tl2, 6 , 282,"); J. S. C, I. Iill2, 
31, 187. ts S. P. 1(X)2821; alj.st, C. A. Ihtl, 5, .■hill; Cliim. ZtK- Pep, Kill, 

•35, .545. G. Stone, U. S. P. Oil5l80; ahst J. S C. I. 1002. 21, 1711. J. Hcr- 
reshoff, U. S. P. 722081, 1908. Schlamp vom Hofe & Co.. I). K. P. Uiti.599. 
Deutsche Ton tind Steinzeug Akt. Ges. recommend the use of Cellarius re¬ 
ceivers. F. Cottrell, K. P. 21147, l0o7; V. S. P. 8«)8Pi, 8(16844; F. P. 
;i82179; D. R. P. 208740. I. Cox, IJ P. 8.528, 1011; I!, S. P. 1(K)2.S24, 1911; 
ahst. J. S. C. I. 1911, 30, 1210; 1912, 31, 187, 

2. British Alkali Inspectors Re|)orts: N’o. 28, 16; No. 10, 28, 121, 
160, 179; No. 41 (llKll), 18, 92, 92, 122, 147, 1.51; No. 42 (190.5), 1.52, 1.56, 
See also H. Ljungh, Chem. Ztg. 1909, 33, l-t.'i; ahst. Chem. Zentr. 1909, 80, 
I, 1201; C. A. 1909, 3, 1227. 

2. U. .S. P. 1291206, 1919; ahst. J. .S. C. I. 1919, 38, 499-A; C. A. 
1919, 13, 892; Chim. Ind. 19'20, 3, 207. Compare British Dyes Ltd.. J. 
Turner and W. Davidson. K. P. 122922, 1918; ahst. C. .A. 1920, 14, 216. 
Sec also K. P. 121.512, 122287, 122661, 1918; ahst. C. A. 1920, 14, 224, 

4. Compt. rend. 1912, 157, 275; ahst. C. A. 1912, 7, 2922; Chem. 
Zentr, 1913, 74, II, 1196. 

5. C. Marignac, Arch. Sci. Phys. Nat. 18.52, 22, 225; 1875, 52, 226; 

1877, 58, 228. C, Schult/.-SclIack, Ber. 1870, 3, 215. H. BulT, Ann. 186.5- 
1866, Suppl. 4, 151. . 

6. R. Weber. Pogg. Ann. 1876, 159, 212; Ber. 1886, 19, 2187. D. 
l.ichty, J. A. C. .S. 1912, 34, 1440; ahst. C. A. 1912, 6, 2880; 1!:12, 7, 14. 
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gravity of tlie liquid at 4S° is 1.7‘.)21. Cocirideut of expansion of 
the solid at 11.5° is O.OOOGTC), and of the liquid at 1S°, ().()02S05. 
This expansion is regular between 11° and 15°, although R. 
Schenck* asserts that a contraction occurs at .'!5°. The boiling 
points at 740.7 mm. and 7T1.5 mm. are 14.20° and 44.0()° respec¬ 
tively, corresponding with a boiling point of 44.SS° at 700 mm. 
The molecular weight of the liquid modification in solution cor¬ 
responds with the formula SOa,- and this probably has the struc¬ 


ture o 




() 


^f) 


The molecular weight of the solid modifica¬ 


tion has been found to be .S-.Ou by the same method,'* and the for- 
imda attributed to it, although this conclusion 

\y '"() 


is regarded as doubtful. * 


The solid modification is an asbestos-like crystalline solid, 
of specific gravity 1.97 at 20°.“ ft sublimes at 50°, the product 
of distillation being tlie liquid form. 

The heat of formation of 1 mol. SO,-, (SO.00 gm.) is 103.200 
kgm. cal. from S and 30; from SOj and O it is 31.4 kgm. cal. in 
the solid state or 22.0 kgm. cal. in the gaseous state. J. Part¬ 
ington'* finds the value 22.27 kgm. cal. agrees better with the 
equilibrium results than Bertheh)t’s value of 22.0. The latent 
heat of evaporation of 1 mol. of SO;, is ll.S kgm. cal., and the 
heat of solution in a large quantity of water, .39.17 kgm. cal. 

• 

In moist air, sulfur trioxide forms dense white fumes of sul¬ 
furic acid, and when thrown into water it hisses; organic matter 
is charred, and the skin rapidly attacked. In the complete ab¬ 
sence of moisture it does not redden litmus paper, but dissolves 
sulfur, fonning a blue solution, from which green crystals of sul- 


1. Ami. 1901, 316, 1; !il«t. J. C. S. 1901, 80, ii, .380; J. ,S. C. I 1901, 20, 

577. 

2. G. Oddo, Rend. Acc. Lincci, 11)01, (5), 10, 207; abst. Chem. Centr. 

1901, 72, II, 909. Gazz. chim. ital. 1901. 31, IT, 158. 

3. G. Oddo, Rend. Acc. Lincei, 1901, (5), 10, 207; abst. Chem. Centr. 

1902, 72, II, 9(59. Gazz. ohiin. ital. 1901. 31, II. 158. . 

4. R. Weber, Pogg. Ann. 1876, 159, 313; Bcr. 1886, 19, 3187. I). 

Lichty, J. A. C. S. 1912, 34, 1440; abst. C. A. 1912, 6, 2880; 1913, 7, 14. 

5. C. Marignac, Arch. Sci. Phy.s. Nat. 18.53, 22, 225; 1875. 52, 236; 
1877, 58, 228. C. Schultz-Sellack, Ber. 1870, 3, 215. H. Buff. Ann. 186.5- 
J866, Suppl. 4, 151. 

0. “The Alkali Industry,’’ 1918, 43. 
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fur sesquioxidc, S 2 O 3 , separate.’ Selenium and tellurium are also 
dissolved, produeins greei. and red solutions respectively, which 
probably contaiti the oxides SvSeOn and STeO;!.” 

Sulfur trioxide on passing through a red-hot tube decomposes 
into sulfur dioxide and oxygen, but is re-formed from these gases 
at lower temperatures in presence of catalysts, the reaction being 
reversible.'* 

It combines with iodine to form the stable compounds 12 ( 803)4 
and 12 ( 801 ) 2 , and with many salts.’ 

Analysis of Oleum. 'I'he sample is taken by means of along 
glass tube, about ball an inch in diameter drawn out U> about 
'/j in. at the lower end, and transfi rred to a dry and wide-mouth, 
stoppered bottle. Before samjiling, the container should be 
agitated in order to mix the contents. Tanks are sampled in a 
similar manner, or a sample is receh etl in a lead jug during dis¬ 
charging. I'lie bottle, of eourse, is kept closely stoppered between 
each samirfing. 

In the laboratorv, the bottle is thoroughly shaken, and the 
following tests made: 

(1) Specific gravity is detennined by the hydrometer, and 
correeted by a table to 1 .').,')°, or by a 2 .') cc. pienometer under 
standard conditions. 

(2) Total Acidity, .\bout 2 gm. is weighed out in an oleum 
bulb consisting of a thin glass bulb with two capillary arms sup¬ 
ported in a small crucible for weighing, and a sample of acid intro- 
dficed by suction with a filter pump. 'I'he capillary arms are 
wiped with filter or tissue pajicr, and the bulb re-weighed. The 
bulb is then droppcil into a wide nioutli bottle containing 100 cc. 
distilled water, and the bottle immediately stoppered. vSuffieient 
time is allowed for the fumes to subside, the bottle is shaken, the 
bulb being first broken by a glass rotl, the stopper and rod are 
rinsed into the bottle, and the acid titrated with normal soda, 
using methyl orange as indicator, the jicrcentage of total acid 

1. U. Weber, I’o)!}!. Aim. 187;"), 156, 581; abst. Jahr. Chem. 1875, 
28, 1.58, 

2. li. .Mole.s, Ann. I'is. (Jiiiin. 1915, 13, 184; J. Ciiim. Phys. 191.5, 13, 
207; abst. J. ,S. C. I. 1915, 34, 9(10. 

8. M. Bodenstein and If Kranendieck, Zts. physik. Chem. 1912, 80, 
148; abst. Chem. Zentr. 1912, 83,11,1092. See W. Beatty, Bclg. P. 252.593, 
1913. 

4. W. Traube, Ber. 1913, 46, 2513; abst. J. S. C. I. 1913, 32, 1008. 
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obtained in the titration, hciiij; cakulaV-d as snlfnr trioxide. 

,(3) Free Sulfur Trioxiiie. 'riiis is obtained from the percent 
age of total StXi by the formnhi: 

Free vSO:i per cent. = 

(Total Il'iSfb per cent. KlO) 

(4) Arsculc. The percentage of arsenic in oleum is deter¬ 
mined by the C.ut/.eit test. .Mxiiit 2 ce. of the sample are 
acettrately measured ont and dilnti-d to .M) eo. with distilled 
water in a graduated flask. (tne ec. is then ))i]K'tted intoa test- 
tube and ■) eo. of distilled water and 1 gm. arsenic free /.inc added. 
A plug of lead acetate wool is inserted in the mouth of the tube, 
and a piece of mercuric chloride ])a])er folded over the top and 
held in place by a rubber band. The tube is slightly warmed to 
start the reaction, and then allowed to stand at room temperature 
for 1)0 minutes. The stain on the mercuric chloride paper is then 
compared with a set of stamhird stains prepared with known 
amounts of arsenic. 

Plant Tests. A test of the SO.i content of oleum at the plant 
may be carried otit by mixing the oleum with the feed acid to 
the absorbers, and noting the rise in tem|)erature. The test may 
be made on the feed acid, if this is poured into oleum. 

.1. For Oleum. Measure 200 ec. of feed acid (tl2..")', toOl.r)' ,' 
lljSOj) into a porcelain dish, and determine the temi)erature (b”). 
Measure out 200 ec. of oleum and do likewise (a°). Pour the 
oleum riuickly into the acid, stirring vigorously, and note the 
maximum temperature (c”). 'Fhe rise of temperature is c - 
(a + b)/2. The. percentage St h in the oleum is found from 
Table IvIX. 

B. For Fced-Aciil g6* So loo' i. Proceed as in A, but 
pour the acid into 20' ,-2.')' , oleum. Rise == c (a b) 2. 
Refer to 'fable LX. 

C. Fccd-Acid 88'/o to gd'[. Aleasure :>00 ec. oleum into 
a dish and observe the temperatnre (a°). Measure out 100 cc. 
of the sample of acid, and take the temperature (b°). Pour the 
acid into the oleum, stirring vigorously. Maximum temperature 
is c°. Rise of temperature is c - - (3a f b)/4. Refer to Table T,XI. 

' Aridity Tests in the Exit Ciascs of Oleum Plant, 'fhe total 
acidity, ,802 and SO 3 is determined, no dilTerentiatioii being made. 
A continuous t@st is run during the night, the determination being 
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usually made in the laborjitory the following day. 

A Buchner flask is fitted with a ’/ 2 -in. stout wall glass tube, 
closed at the bottom, but has a few holes blown in it, and packed 
with glass beads. The holes, at the lower extremity, dip under 
2.j cc. jV/NaOH diluted with water, and is connected with an 
aspirator, so that gas is drawn up the inner tube. The liquid is 
titrated with N acid and phenolphthalein, and the acidity cal¬ 
culated in gm. SOj per cu. ft. 

Moisture Test on Grillo Plant. This test is made on the 
cooled purified gases passing to the converters. A large volume 
of gas is aspirated through U-tubes packed with phosphorus pent- 
oxide, the moisture and acid mist being weighed together, and 
expressed in grams per 100 liters. About 40 to 50 liters are 
aspirated, and three U-tubes are used, two being packed with 
P 2 O 5 and glass wool which are weighed, and one filled with calcium 
chloride as> a guard tube before the aspirator. 


TABLE I.IX 

table lx 

TABLE LXI 




< • 




C' 




/C 


.■ r 




IV 



Rise 

SOj 

Rise 

soj 

Rise 

HoSO, 

Rise 

HjSO, 

Rise 

Il^SCh 

1 

0 5 

21 

12 1 



0 

9S.8 

26 

92. (i 

2 

11 

22 

12 8 



7 

98.5 

27 

92.3 

.t 

1.6 

23 

13.4 

2 

99.9 

8 

98.1 

28 

92. 1 

, 4 

2 2 

24 

14.1 

4 

99.5 

9 

97.7 

29 

91.8 

ri 

2.7 

25 

14.7 

6 

99.3 

10 

97.4 

.30 

91.6 

6 

.T.3 

26 

1.3 4 

8 

99.0 

11 

97.1 

31 

91.3 

7 

.3.8 

27 

16.0 

10 

98.7 

12 

96.7 

32 

91.0 

8 

4.4 

28 

16.7 

12 

98.4 

1.3 

96.4 

33 

90.8 

'9 

4.9 

29 

17.4 

14 

98.1 

14 

96.1 

34 

90.6 

10 

5.5 

30 

18 0 

16 

97 8 

15 

95.7 

3.3 

90.3 

n 

6.1 

31 

18 7 

18 

97.5 

16 

95.5 

36 

90.1 

12 

6.7 

.32 

19.4 

20 

97.3 

17 

95.1 

37 

89.8 

18 

7.3 

.3;i 

20.1 

22 

96.9 

18 

94.9 

m 

89.6 

14 

7.9 

.34 

20.8 

24 

96.7 

19 

94.6 

39 

89.4 

1.5 

8..5 

.3.3 

21..3 

26 

96.4 

20 

94.3 

-40 

89.1 

16 

9.1 

36 

22.2 

28 

96.1 

21 

94.0 

41 

88.9 

17 

9.7 

37 

22.9 

30 

95.8 

22 

93.7 

42 

88.7 

18 

10 3 

38 

23.0 



23 

93.4 

43 

88.5 

19 

10 9 

39 

24.3 



24 

93.1 

44 

88.2 

20 

11..5 

40 

25.0 



25 

92.9 

45 

87.9 


Manufacture of Oleum from Sulfates. One of the most prom: 
ising sulfates for the manufacture of oleum is calcium sulfate. 
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which occurs in large quantities as the mineral anhydrite, CaS04, 
and gypsum, CaS04-2H20. This would lurnish a cheap source 
of acid ?f the latter could be produced from it. Although numerous 
attempts have been made to effect this, the process tloes not 
appear to hav(‘ been commercially successful. A recent proposal 
of the Itadische Co. to utili/.e gypsum as the source of sulfuric acid 
in making ammonium sulfate from synthetic ammonia, seems 
more promising. 

A. Rambach' decomposes gypsum in a current of air in a 
furnace at a high temperature, which is similar to the process 
described by M. I’rud’homme,' who jiroposes to add silica, alumina, 
or oxide of iron if neccssarv. li. .Natho'' heats a mixture of 
equivalent amounts of calcium sulfate and silica with a little 
water in an autoclave, and claims that the reacti(.in is conqiletc 
at (1110°. N. Basset' comliines a mixture of gypsum and tar into 
balls, heats these to form calcium sulfide, and decomposes this 
with carbon dioxide as in the Chance process. 1,. Basset’’ heats 
a mixture of clav and a material containing calcium sulfate to 
produce cement and gases containing sulfur dioxide. The latter, 
mixed with air, is to be passed over a catalyst to form sulfur tri¬ 
oxide. 'I'lie Ivlektri/.itiitswerk boii/.a'’ heats gypsum and quartz 
in an atmos|)here enriched in oxygen t(.) prevent dissociation of 
vSO;, into St >2 and (b. II. Hilbert’ proposes to use calcium and 
barium sulfates instead of lime or calcium carbonate in the manu¬ 
facture of glass, and to condense the sulfur trioxide produced in 
the fusion process. About 1 1011° is stated to Ire a suitable tem¬ 
perature to em])loy. B. CautilemC Imrus finely powdered gypsum 
and clay, mixed in the ratio of 0.10 to 0..'), moldetl with water into 
small bricks, to lOOO® in a jrlentiful suirply of air. 'I'lie following 

1. Ital. I’. I.'iit'la.'), Iill4; ahst. C. A. lUl.'i. 9, 2S0t. 

2. F. t>. 40()(«0. 1!)()8; absl. C. A. ItMl, 5, :>74: Clu’iii. ZtR. Rep. 
IhOfI, 33, 44.5; Moii. ,Sci. 1910, 73, 104. 

•'i. I). R. 1’. 20.5,s:i5; ahst. C. A. R.llt, 8 , 409; Zts, aiw. Cliein. I9i:i, 

26, 07.5; Chem. Zentr. 191.'i, 84, It, lOhO; Cliem. Zlg. Rep. lli'.X, 37, 000; 
Wag. Jahr. Rll.'l, 59, t, 582. 

• 4. F. P. :«1897, l‘)0;i; ahsl. J. S. C. I. 1905. 22, 1194. 

.5. F. P. 1(K).597, 1910; ahst. J. .S. C. 1, 1'.07, 36, 158. Can. P. 192002, 
1920. U. S. P. 1197551, 1910; ahst. J. S. C. I. 1910, 35, 10.58; Ann. Rep. 
Chcni. Soc. Ind. 1917, 2, 181; Mon. Sci. 1917, 84, 49. 

0. Swiss P. 72027, 1910; ahst. C. A. 1910, 10, 2.591. 

7. F. P. 589052, I<I08; ahst. J. S. C. 1. 1908, 27, 9.59; Mon. Sei. P.tOO, 
71, 111. 

8 . Ind. Chiin. 14, 59; ahst. C. A. 1914, 8 , 1551. 
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series of chemical reactions are said to occur as below indicated: 

At 1000° CaSO, + vSiOj = CaSiO., + SOj 
At 14r.0° CaStL = Cat) + vSOj 
At 1600° 3Ca() + 2CavSiO, =- Ca.SijO, 

At these tcniperatuVes, however, all the sulfur trioxide would 
be dissociated. 

The original method for the manufacture of oleum bfeore 
the introduction of the contact proces.scs, involved the decom¬ 
position of certain sulfates by heating them to a high temperature, 
sulfur trioxide being evolved. 

The process of distilling ferrous or ferric sulfates began near 
Pilsen in the sixteenth century and .spread to Saxony and the 
Hartz. It was worked in Boheniia from 17!>() to 1000,' when it 
was abandoned on account of the introduction of the contact 
processes. The substance first used was green vitriol, dried so 
as to remove as much water of crystallization as possible, and 
then heated to redness in fireclay retorts. 

2FeSO,, = Fe^Oj + Sd, -f SO.,. 

Later on crude ferric sulfate, prepared by the weathering and 
lixiviation of shales containing pyrites was used. 

Fe.iSO,):,- - Fe.,(), + .‘kSOs. 

vSince fuming acid was made, the ferric sulfate was often pro¬ 
duced by treating ferric oxide with strong sulfuric acid, heating 
tilt the water is driven off, and then distilling at a higher tem¬ 
perature, the residue of ferric oxide being then rc-used. In other 
cases, pyrosulfates, such as Na.jSiOrj prepared by the heating of 
acid sulfates such as NaHS 04 .^ 

The only normal sulfate which is suitable for the process is 
ferric sulfate. In the case of other sulfates, such as those of zinc, 
copper, aluminium and magnesium, decomposition takes place 
only at such a high temperature that the sulfur trioxide is changed 
into SO 2 and oxygen. The decomposition of ferric sulfate takes 

1. E. Jalin, Wag. Jahr. 1873, 19, 220. K. Stolba, Wag. Jahr. 1885, Jl, 

316. 

2. J. Wolters, D, R. P. 12295, 156:19; abst. Wag. Jahr. 1881, 27, 166. 
E. P. 263, 1880. i;. S. P. 223.571, 1880; abst. J. A. C. vS. 1880, 2, 07. H. 
Baum, D. R. P. 40696; Wag. Jahr. 1887, 33, .528. R. Wallace, E. P. 228.5, 
1876. P. Prelicr, E. P. 11773, 1847. Sec also H. Schulze, Bcr. 1884, 17, 
2705, For the suggested manufacture of fuming sulfuric acid from bisulfatcs 
and boric acid, see Kerl-Stohmann, Chemie, 3d ed. 6 , 156, See J. S. C. I. 
1918, 37, 263-R. 
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place at a dark red heat, atid the sulfur triijxide is largely given 
off unetianged. The reaction has been investigated by (1. Lunge 
and G. Pollitt, G. Kejipeler, G. Lunge and K. Reinhardt, and 
F. Kiister. 

Decomposition in a partial vacuum has been applied by R. 
,Schuberth,‘ who descril)es a special ap])aratus for carrying out 
the process. The use of aluminium sulfate,-' magnesium sulfate,-’ 
and zinc sulfate,"' have also been proposed. 

Production of Oleum Other than by the Contact Process. A 
description has already been given of the old method of producing 
oleum by distilling sulfates. In addition, a number of other 
processes have been pro]iosed which do not involve catalysts, but 
none of them appear to have been used, at least not extensively. 

A. Nobel and G. Fehrenbaclr’’ pass the vapor of boiling sul¬ 
furic acid over lumps of metaidiosidiorie acid heated to 3211°, 
which retains water and some sulfuric acid, while sulfur trioxide 
vapor is evolved. R. Frank" burns sulfur in oxygen under at 
least Kit) atm. pressure, which is said to lea<l to a quantitative 
production of sulfur trioxide. The latter is collected by the 
cooling of the gas by rapid expansion, when the trioxide crys¬ 
tallizes out. O. Render' burns a mixture of sulfur dioxide and 
oxygen, with or without nitrogen, in an oxv-hydrogen flame. Sul¬ 
fur trioxide is formed from the dioxide with evolution of heat, 
and is therefore favored by as low- a temperature as possible. 
O. Niedenfiihr’ distils oleum continuously by the waste heat 

1. I). R. f. .'■>2(l()(}, l.W.I; ahst, Zls. any. Clieiii. I8!)0, 3, Wax. 
Jalir. IHIHI, 36, •t(i7; Tier. LH'.IO, 23, .SI;'). 

2. H. Blackmore, U. S. I‘. 7242.-)l, Ullia, abst. 1. S. C. I. liKia, 22, 
•W-l; Clwiu. Ztg. too:!. 27, Mon. Sci. UK):!, 59, 170; Chc-in. Zts. l')():i. 

2, .M-l; J. A. C. vS. too:!, 25R, -107. Cl', (loniiaii, L. P. 'Hi), 1871). 

:!. li. .Soiistailt, 1C. P. Kl.'i.S, 1,877). als.) 1). R. P. (iOlll, 187.8; abst. 

. J. A. C. S. 1.87'), 1, 401. J. Woltcrs, I). R. P. HI 10, 1,878; alist. Clu-m. Ind. 
1.878, 1, :!2'.). 

4. J. Culk-ii, U. ,8. P. 1L'7.8:!0.8; al)st, C. A. 11)18, 12, 2114; J. S. C. 1. 
1918, 37, 7()(>-A; Mon. Sc-i. 11)11), 86 , -ill. 

.'). 1C. P. 10,8(10, 1881. II. S. P. .'110147, l.8.8t; abst. J. ,8. C. I. 188.a, 
•4, 498. Set- also H. Aiigc-rstein, I). R. P. 2()l).al), 18,8:i; abst. J. S. C, 1. 1884, 

3, 481, 

6 . B. R. P, 194.871), I'.lOb; abst. Cbcni. Ztg. 11)0,8, 32, 12.8, 219; J. S. 
C. I. 1908, 27, 400, rm; Zts. ang. Clieni. 1908, 21, 79(1; Chem. Zentr. 1908 
79, I, 909; Jahr, Clicni. 190.4-1908, I, 1027i; Clic-ni. Zts. 1908, 7, y.Stl; -Wag, 
Jahr. 1908, 54, I, 87:!. 

7. D. R. P. 195810; abst. Zts. ang. Chem. 1908, 21, i:i71; Chem. Zentr. 
1908, 79, I, 12h8; Jahr. Chem. 1905-1908, 1, 1(512; Chem. Ztg. Rep. 1908, 
32, 228; Chem. Zts. M)()8, 7, 755, 

8 . B. R. P. 230533; abst. C. A. 1911, 5, 2707; Zts. ang. Chem. 1911, 
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of pyrites burner gases to produce sulfur trioxide. G. L^oii' 
electrolyzes sulfuric acid of (10° or 05.5° B6. in a cast-iroii tank, 
cooled externally and covered with a slate .slab. In the center is 
a hollow platinum anode, water cooled, and“this is surrounded by 
an open annular cathode. It is stated that 1 kgm. sulfur tri- 
oxide can be produced by an expenditure of 0.!) h. p. hour. W. 
Garroway''' and R. Riescnfeld^ submit gases containing .sulfur di¬ 
oxide and oxygen to the action of electrical discharges. Exposure 
to ultraviolet light has been proposed by A. Coehn and H. Becker,'' 
who use a special lamp working with a low pressure of mercury 
vapor. R. Berthelot and H. Gaudechon'’ find that sulfur di¬ 
oxide is decompo.scd by ultraviolet light, with formation of sulfur 
trioxide and sulfur. This action, under the influence of ordinary 
light was noticed many years ago by Tyndall. 

O. von Gruber" heats chamber crystals, or nitrosulfonic acid, 
with dry air and sulfur dioxide to produce sulfur trioxide, tlie 
nitrogen oxides being recovered. 

The absorption of sulfur trioxidc from kiln gases has been 
proposed. \V. Majers and R. MesseR carry out the absorption 
in concentrated sulfuric acid. I. Cox," for the du Pont Powder 
Co., maintains the gases and acid at the optimum temperature 
29.4°-4()°, and regulates the proportion between the absorbing 
acid and the gases so that the ratio of the acid to the sulfur tri¬ 
oxide is never below 4.3 to 1. T. Briggs and H. Merriam“ bring 

24, 376; Chem. Zentr. 1011, 82, I, .521; Cliem. Ztg. Kcp. 1911, 35, 78; Wag. 
Jahr. 1911, 57, I, 422; Mon. Hoi. 1914, W, 81. 

1. K. P. 206088, 1890. I). R! P. .57118; ahst. Wag. Jahr. 1891, 37, 
.342; Zts. ang. Clioin. 1891, 4, 464; Her. 1892, 25, .51; Mon. Set. 1891, 38, 223. 

2. K. P. 17.55, 1903; abst.J. vS. C. I. 1904, 23, 2.52. 

3. U. R. P, 229274; abat. C. A. 1911, 5, 2314; Zts. ang. Chcin. 1911, 
24, 88 ; Chem. Zentr. 1911, 82, I, 178; Client. Ztg. Rep. 1911, 35, 3; Wag. 
Jahr. 1911, 57, I, 422. 

4. D. R. P. 217722; abst. Zts. ang. Chem. 1910, 23, 764, Chem. Zentr. 
1910, 81, I, 58.5; Jahr. Chem. 1910, 63, I, .526; Chem. Ztg. Rep. 1910. 34, 
,50; Wag. Jahr. 1910, 56, I, 419; Mon. Sci. 1913, 79, 1.58; Client. Zts. 1910, 
9, 1774. 

.5. Compt. rend. 1910, 150, 1517; abst. Chem. Zentr. 1910, 81, II,. 
365; C. A. 1910, 4, 2612; J. C. S. 1910, 98, ii, 606. 

6 . D. R. P. 277726; abst. Wag. Jahr, 1884, 30, 3IK); Ber. 1881, 17, R-337. 

7. K. P. 1201, 1878; abst. Wag. Jahr. 1879, 25, 287; J. A. C. vS. 1879, 
1, 296. Ber. 1879, 12, 860; Chem. Iitd. 1879, 2, 1.58; Uittgl. Poly. 1879, 
233, 143. 

8 . U. S. P. 1002824. E. P. 8,528, 1911; ab.st. C. A. 1911, 5, 3911; 
1912, 6 , 2825; J. S. C. I. 1912, 31, 187; Chem. Ztg. Rep. 1911, 35, 54,5. 

9. U. vS. P. 101.36.38; abst. C. A. 1912, 6 , 671; Chem. Ztg. Rep. 1912. 
36, 194; Mon. .Set. 1912, 77, 130. See also G. Evans, E. P. 11338, 1907; 
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sulfur Irioxidc and air in contact witli a spray of sulfuric acid 
(O-K/'o fo ll-">.5%) moving in the opposite direction, the apparatus 
being cooled externally. 

According to W. Seaman' .sulfur trioxide is produced by fus¬ 
ing a mixture of sodium sulfate, calc-ium sulfate and silica, in the 
absence of a reducing environment to avoid excessive tlecompo- 
sition of the sulfur trioxide formed. 

P. .Schulze-Berge- recovers sulfur trioxide from the manu¬ 
facture of dycstulTs by distillation at a low temperature in a 
vacuum. 

Theory of the Contact Process. Reference has already been 
made to the general theory of catalytic processes, witli special 
reference to the contact process. The rble of iron oxide seems 
to be fairly well established as an intermediate-compound action, 
ferric sulfate being alternately produced and decomposed: 

•2Pedb + tiSC)., + :i().j = 21'‘e2(S(X,);< -- Red);, -1- 3St):, 

Thus the sulfur trioxidc is produced b\r the decomposition 
of a compound which can be formed under the same conditions 
from sulfur dioxide and oxygen." 

The action of platinum is not so clear, but it may be assumed 
that an intermediate oxide of platinum is produced, and deconi- 
po.sed by the sulfur dioxide, oxidizing this to sulfur trioxide and 
becoming reduced again to platinum.’' 

The problems of the equilibrium conditions and of the • 

ahsl. T. S. C. I. 1008, 27, (!8t. J. Waek anil M. At. Chappell, f. .S. 1*. 
loaitia, 1012. V. Pefavs, Belx. V. 201102, 1007. IC. Kendall, P. S. P. 
.■i2;i.a8:i, 1,885; alxst. Wag. J.alir. 1.S.S5, 31, 220 . 

1. P. S. P. 1202098; abst. C. A. 1019, 13, 998; J. S. C. I. 1019, 38, 
28(1 A; Mon. Sei. 1919, 86 , 19; Cliini. Ind. 1920, 3, 207. 

2. U. R. P. 35020; abst. Wag. Jahr, bS,S(i, 32, t(M. 

3. Keppeler, Zts. aiig. Cheni. 1908, 21, ,532, .577; abst. J. S. C. I. 
1008, 27, 302; .See also J. ,S. C. I. 1002. 21, 1137. G. bin.gc, Zts. ang. 
Cheni. 1902, 15, blO. G. I.unge and G. Pollitt, J. 8 . C. I. 1903. 22, 79. G. 
l.uiige and K. Reinhardt, Zts ang Cheni. 1901, 17, 1011. P. Perl, Zts. 
ang. Cheni. 100.5, 18, 2,53; Zts. anorg. Chein. 190,5, 44, 207. b. and P. WOhler 

.and W. Plhiideniann, Zts. physik. Cheni. 1908, 62, till. J. d’Aiis, Disserta¬ 
tion, Kiel, 190.5; abst. Zts. phvsik. Cheni. 190,8, 62, 89; Zts. ang. Chem. 1908, 
21, 532, ,577. 

4. C. liiiglor and b. Wohler, Zts. anorg. Cheni. 1902, 29, 1. ,Sec also 
fb Haber and 8. Grinberg, Zts. anorg. Cheni. 1898, 18, 39; Zts. physik. Chem. 
1900, 34, 515. G. Bredig, Zts. physik. Cheni. 1.899, 31, 294, 330; Anorg. 
Fcrni. 1901, 942. b. Moiid, W. Ramsay and J,. Shields, Zts. physik. Chem. 
1898, 25, 0,8,5.. J. Brode, Zts. physik. Chem. 1901, 37, 257. H. Wieland, 
Ber. 1912, 45, 085. G. Keppeler, Zts. ang. Chem. 1902, 15, 809. J. Conroy, 

J. S. C. I. 1902, 21, K. Russell and N. Smith, J. C. S. 1900, 77, 340. 



1134 


TECHNOLOGY OF CELLULOSE ESTERS 


kinetics of the contact process have been studied by numerous 
investigators, with the residt that, in the first case, the 'law of 
mass-action has been confirmed. 

The catalytic action of platinum in the formation of sulfur 
trioxide:-2802 -f O 2 = 2 SO 3 is technically feasible between 400° 
and 500°. At lower temperatures the reaction is too slow to be 
of any service, but, since it is exothermic, the reverse reaction 
sets in even at 400°, and the conversion cannot be complete under 
any conditions of working. This conclusion from the law of 
mass-action has been completely confirmed. The reverse reac¬ 
tion: 2 SO 3 = 2 SO 2 -f 0» is practically comjjlete at 1000°. Al¬ 
though an increase of temperature favors the speed of the reac¬ 
tion, it diminishes the equilibrium yield, and an optimum con¬ 
dition of temperature has to be selected. This has been found 
by experiment to be about 450° in the case of platinum, and in 
technical working this temperature should be aimed at. 

A large number of experiments have been described by 
Knietsch in his original memoir on the contact process,* and .sets 
of curves are given for the equilibrium and velocity conditions. 
From the point of view of physical chemistry, however, Knietsch’s 
results leave much to be desired, and fortunately we have in this 
field other more reliable data. Of these, the following tables, 
due to M. Bodenstein and W. Pohl* may serve to indicate the 
equilibrium conversions under various conditions. 

In these results we notice one or two facts of importance. 
In the first place it is evident that the conversion in the equil¬ 
ibrium state is high. With pure oxygen, as is seen from Table 
lyXIII, the equilibrium conversion is very nearly 100%. In this 
respect the contact process differs from some other catalytic 
processes, such as the Deacon process for the manufacture of 
chlorine, where the equilibrium conversion is of the order of GG% 

1. R. Knietsch, Bcr. 1901, 34, 4093. See also S. Geary, J. S. C. I. 
1919, 38, 133-T. R. Curtis, J. 15. C. I. 1919, 38, 196-T. 

2. See also O. Sackur, Zt.s. Klektrochem. 1901-1902, 8 , 47. M. Boden-' 
stein and C. Fink, Zts. physik. Chem. 1907, 60, 1. R. Lucas, Zts. Elektro- 
chem. 1905, 457. L. Wohler, A. Fors and W. I’liiddemann, Bcr. 1900, 39, 
3538. L. Wohler, Zts. Elcktrochem. 1905, t2, 844. G. Bodlander and K. 
KOppen, Zts. Elcktrochem. 191X3,9,5.59,6i)8,787. Fifth Inti. Cong. Appl. Chem. 
1904, 4 , 624. F. Kiistcr, Zts. anorg. Chem. 1904, 42, 4511. J. Brode, Zts. 
ang. Chem. 1902, 15, 1081. R. Knietsch, Fifth Inti. Cong. Appl. Chem. 
1904, ^614. M. Bodenstein, Chem. Ztg. 1902, 26, 1077: W. Caspar!, 
Chem. Trade T. 1914, 54, 336. M. Bodenstein and (1. Fink, Zts. physik. 
Chem. 1907. 60. 1: abst. J. S. C. I. 1908,«T, 120. 
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TABLIC LXII. — CoNviSRSioN ok a Mixture oeSOjAnd Oj in the Theorkt- 
iCAi. Proportions (280, + Oj) at V'akrius Temperatures 
WHEN IllI.UTEI) WITH NiTRciOEN 



Amount 









No. 

of N- 
Added 

SO; 


loo--^ 

.70(1" 

000'* 

700“ 

,800° 

000“ 

I 


06. ()7 

-W 

98 1 

ill .a 

7(3,2 

71.5 

ao. 1 

1(3.0 

11 

79, (X) 

14.01) 

7,0(.)* 

90 ;; 

84.7 

(>2.2 

2o, 2 

18 2 

8,2 

in 

81,8.'') 

10.10 

0.07) 

90.7 

s:i.2 

.7!). 1 

21 .9 

1,7 0 

7.0 

IV 

}.:)() 

7.00 

a .70 

90.2 

SI .2 

.7.7. .7 

28..7 

12 1) 

(i.O 

V 

97.00 

2,00 

1 (M) 

92.7 

72.2 

42.0 

18.4 

7.7) 

a.a 


T'las obtaiiicii liy burning sulfur iu air. 


'I’AULIC LX I [I. - Suleur Dioxide and Oxygen without Nitrogen 


No. 

SO., 

(). 

100“ 

7)00“ 

1 (300“ 1 

700“ 

8110° 

<)0()° 

1 

0(3. (37 

22 22 

98.! 

91 2 

70.2 ' 

7>1 .7) 

8(1,1 

Iti.O 

11 

22.22 

(30 07 1 

99 7 1 

97 2 , 

88 7) ; 

(3(3. (3 

■10,1 

22,0 

III 

14.00 

80.00 

99 S ' 

97.9 

90.2 

(39 8 

48.0 

24,4 

IV 

7.00 

92 00 

99.8 ' 

98 1 

90,7) ' 

70,7 

11,1) 

25,8 

\' 

2 00 

98,00 . 

9!f,8 

08 2 

90.8 

71,2 

4.7.7 

25.0 


TAIlLi; I.XIV.- -Li rner-Oas Dii.i tki> with Air 


No. 

Air 

r 

N.; 

so¬ 

()., UXl" 

1 

7)00 ^ 

(300“ 

700" 

_ 

800° 

900° 

I 


.81 .8.7 

lo 10 

.7.(K)j 0(1.2 

82.2 

.79. 1 

29 1 

15,0 

7.0 

ir 

1 .444 

,88.00 

7.00 

lO.(K) Oil.8 

92.4 

78 8 

42 5 

20,5 

9.8 

in 

2. ni l 

,81 -lO 

4.00 

14.1)0 00.4 

94.9 

78.8 

48 1 

24.2 

(1.7 

IV 

8.014 

,80,00 

2 00 

18.(K) 00.,7 

95.6 

80 5 

51.8 

20.8 

12.9 


under vvorkalile conditions. When dilute gases are used, as is 
the ease in practice when Imriier gas largely diluted with nitrogen 
is employed, the conversion might be expected to drop consid¬ 
erably. This, as a glance at 'I'able bXIV'^ will show, is not the case. 
H an excess of oxygen is used, the increment of conversion due 
to the increased mass of the oxygen is sufTicient to bring the 
yield well above D.'i'Jy, even with burner gas diluted with air, at 
temperatures which are workable, i. e., at which the velocity of 
the conversion is sufficiently high to make the process a technical 
possibility. ' With excess of air, the conversion again approaches 
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U)0%, blit in practice it is necessary to coilsider ttie yield in a 
given time with a known* bulk of catalytic material, or the space- 
time yield, and this requires that too dilute gases shall ifot he 
used. 'I'hc best mean is,_according to Haber' a gas of the com¬ 
position SO 2 , 7' ,' by volume, O 2 , 7% by volume, and N«, S2.(i';y 
by volume, at temperatures from -i;t4° to It is for this 

mixture that J. Partington- has calculated the equilibrium con¬ 
stant; 

K’ = /’sOj/pSn..-/’o, 

where the value of p is the partial pressure in the mixture, i. e., 
the total pressure divided by the relative number of molecules of 
the constituent in the mixture, for various temperatures. 'I'he 
results are given by the formula: 

-1.S7.’) 

log,„K' = — 4.1() 

• 

where T is the absolute temperature Centigrade, t^C. 274. 

As regards the action of ferric oxide as a catalyst, the follow ¬ 
ing results were determined by kunge and his pupils: 

(1) The conversion is practically the same with gases con¬ 
taining from 27 f to 12' f b}" volume of sulfur dioxide. 

(2) The gaseous mixture must be as dry as possible. 

(•'Sj Exposure of the iron oxide to moist air reduces its activity. 

(4) Porous ferric oxide is better than the dense material, 
e. g., pyrites cinders is suitable. 

(5) The addition of cupric oxide improves the catalytic 
activity of the ferric oxide. 

. (0) Arsenic trioxide is completely retaintxl by the contact 

mass at about 700°. 

(7) The optimum temperature for operation is from 000° - 
020°. 'I'he reaction begins at about 400°, and the maximum 
conversion at the optimum temperature of (i20° is 00''J. 

(S) Arsenic pentoxidc alone has a marked catalytic activity. 

As Haber remarks, the practical yield may be in excess of 
the calculated, because the gases may come in contact with the 
catalyst in cooling down, and advantage thus be taken of the in- 

1 . '‘Thtirniodynamics of Technical Gas Heactions,” UM)S, lUO. See 
also P. Zfisberg, Trans. Amer. lilectn^hcm. Soc. 1919, JOo; abst. J. S. C. I. 
1920, 39, 104-A. 

2. “Alkali Industry,” 42. 
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creased yield which is readily ebtaiiiahle at lower temperatures. 

Knietsch’s results may be summed up in the statement that, 
so far*a.s the velocity is concerned, the raiifje of temperature below 
2 bb° may be regarded as one in which no reaction takes place; 
between 200° and -loO'’ the reaction of formation of sulfur tri¬ 
oxide jirevails; above I.')!!” the rate of decomposition of sulfur 
trioxidc is predominant; and above (100° practically no sulfur 
trioxide at all is formed. 'I'lie temperature of reaction is lowest 
with the platinum catalyst, hence this metal is most suitable. 
With ferric oxide, the formation of sulfur trioxidc is aiipreciable 
only at about ()00°, when the reverse reaction, leading to its 
dec()mpf)siti<)n, is already (|uile marked. It is therefore neces¬ 
sary to com])lete the conversion by passing the gases, after they 
have gone through the ferric oxide converter, through a platinum 
catalytic mass, as has been explained. 

The Badische Process. Before describing the more recent 
methods of ojicrating the contact process,' an account of the 
methods and apparatus used b\' the Badische Anilin und .Soda 
Fabrik, which was initiated by the patents taken out in HKlI, 
bait resulted from many' years of exjieriment, may be given, since 
these patents embody' practically all the essential details of the 
use of a platinum catalyst with the purification of the gases, 
which have appeared in later .siiecifications, the latter containing 
only une.ssential improvements in the apparatus. 

Large-scale ojierations were made jiossible by the discovery 
in bSltS- of methods of purification of the initial gases. These 
have already been brielly considered (p. IbSb). The principal 
impurities are arsenic, phosjdiorus, mercury, sulfuric acid and 
sulfur, and dust of any kind. 'I'hese are separated by treating 
the gases while hot with a jet of steam, with or w'ithout air or 
other gas, then gradually cooling, ;md afterwards repeatedly wash¬ 
ing and finally drying by' means of sulfuric acid. The gases after 
purification may be considered suitable if they are optically pure, 
. i. e., exhibit no scattering of light when a beam of the latter is 
passed through them. The path of the light should be absolutely 
invisible as it passes through the gas. 'fhis is a very .severe test 

I. (1, Ibk'dlaiKler, Rev. yrod. cliiiii. lUIS, 21, 211; aksl. C. .\. lUl.S. 12, 
KiSX; Clieiii. Zentr. IDl'.l, 90, 11. 

■2. Badische Anilin a. Bodafalnik, li. 1’. l.V.MS, kS'.W; abst. J. Soc. 
Dyers Col. 189(1, 15, 
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of the purity of the g:is, as a gas whieli is" apparently pure to 
chetnieal tests, and appears cpiile elcar in ordinary transmitted 
daylight,'may contain traces of fog. whit'h appear as a luminous 
haze when a heani of liglH is jiassed through the gas, and in this 
case would sooner or later lead to poisoiilng of tlie eatalj'st. 
The purification of the gases is described iu more detail in the 
later specification of ItKIL’,’ the apjniratus being shown in h'ig. 
!)2. The sulfur dioxide passes from the supply .4 through the 
drying train B, and then into a mixer (', in which the gas is mixed 
with air from the pump /f It appears that the use of pure sulfur 
dioxide gas is contemjilated. 'I'hc mixed gases pass to a washer 
E, which is a leaden vessel from the to]i of which is suspended 
a serrated hood, dipping into sulfuric acid of (lti° Be. A pressure 
gauge eonnected with the entrance and exit show the respective 
pressure. The gases next pass to the stripper F, similar to the 
washer but containing no liquid. 'I'he purjiose of this is to 
remove sulfuric acid carried over from the washer, 'fhe gases 
next pass to the contact apjiaratus II, to be described later, the 
sulfur trioxide formed therein being taken up by sulfuric acid 
of ()()'’ Be. 

The absorber is jirosiderl with a serrated hood in the same 
way as the washer, 'fhe second absorlicr /, is of cast-iron, and 
contains sulfuric acid of .■)S° Ikk, which is .strengthened to ()(1° 
Be. and then passid to the first absorber, (i and K are testing 
apparati. 

The contact furnace // (h'ig. (I.'i) consists of a central tubular 
contact chamber hu jacketed by the annular passage hi and sur¬ 
rounded by the insulating material hu 'fhe sheet-iron tube / 13 , 
forming the annular passage, is iiierced to form a series of port¬ 
holes, /i) 4 , hir. and Iik, each series being provided with two inde¬ 
pendent circular covers governing separate halves of the series, 
hu, hu and hu,, by which the admission of air for regulating 
the heat is controlled, the heat being supplierl from the gas- 
burner hii and annular burners ha and /ii.i- 'fhe mica-covered 
peep-holes ha enable observation to be made of the temperature, 
which should be a dull red opposite the upjK-r portion of the 

1. E. P. 1.0947, IH98; ahst. T. Soc. Dvvrs Ca.l. I.S99. 15, 2.04, E. P. 
12781, 1991; ahst. J. Soc. Dyers Col. 1902, 18, 197; J. S. C. I. 1902, 21, 772. 
U. S. P. 692018, 1902; abst. J. S. C. I. 1902, 21, 24.0; Chem. Zts. 1902, 1, 
708; J. A. C, S. 1902, 24, 281; Mon. Sci, 1902, 58, 73. 
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contact material. The temperature is regulated hy thermometers 
at /iio*. /in and Ihi. 

In the contact material holder, tlu: rod h- 2 A, removable from 
the top on withdrawing the cover /;« has strung upon it a series 
of wrought iron plates /ih, distanced by^ sections of piping, Ji-,.,, 
and the bottom plate is distanced by the nut h-y,, on the bottom 
of the rod by the section of piping /i.r. 'I'liis latter section, in 
charging the apparatus, is drojijied down the rod, followed by a 
perforated plate, on which is scattered a certain quantity of 10' ,'. 
])latinizcd asbestos; one of the piping sections is then dropped 
into position, and a perforated plate, and so on until the apparatus 
is charged. The process and a])paratus was stated to accomplish 
an average conversion of with gases containing fl.db'o of 

sulfur dioxide. 

It is apparent that this ap])aralus is nothing but a laboratory 
arrangement, and is not adapted to large scale working, and that 
it recpiires the use of pure sulfur dioxide, since no arrangement 
is described for the purification of the gases beyond mere drying. 

The absorption of the gases in sulfuric acid, the first ab- 
sfirber comprizing sulfuric containing at least 27'/,' free SO.), in 
a vessel of wrought iron, and the second ordinary acid,' and an 
alternative process" in which a cast iron apparatus charged with 
bS':,. sulfuric acid, the strength of which is maintained constant 
by admitting steam, water, or dilute sulfuric acid, are disclosed. 

The prejiaration of the catalyst is described,-’ and the regula¬ 
tion of the temperature by using an annular .space between the 
catalyst tube and the tube bringing in the cold gases' are also 
referred to. 

The first real description of the process occurs in the im¬ 
portant patents of ItlOO.-'' In this reference is especi-dly directed 
to the importance of regulating the temperature during the reac- 

1. Iv P. 1004, IlKIt; al)st, I. ,S. C. I. 1!M)2, 21, lUi; J. Soe. Dyers Col. 
1<.)()2, 18, 49. il. P. (j,S29, 19(11; nlist. 1. S. C. 1. 1902, 21, 444; J. Soc. Dyers 
Col. 1902, 18, 114. 

2. 15. P. 082,S, 1901; abst. J. S. C. 1. 1902, 21, 444; J. .Soc. Dyers Col. 
1902, 18, 114. 

3. Iv. P. 0828, 1901; 0829. 1901; abst. f, vS. C. 1. 1902, 21, .4.44; J. hoc. 
Dyers Col. 1902, 18, 114. 1). R. P. 144944 abst. Zts. aiig. Chem. 1902.15,94o. 

4. Iv. P. l.')949, 1898; abst. J. ,Soc. Dyers Col. 1,899, 15, 24.5. 

5. R. Knietseh, D. 8. P. 774084, 1904; abst. J. Kik'. Dyers Col. 1905. 

21, 24; Mon. Sei. 1905, 63, .55; I. A. C. S. 1905, 27-R, 442. D. S. P. 0.52119, 
1900. * 
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tion so the heat which is evolved in the exothermic reaction: 

SO" + 0 = vSOs :{2.2 kgm. cal. 

shall not be allowed to heat up the contact jnass to such a high 
temperature as to lower the cciuilibrium yield. It is stated that 
the rise of temperature of the contact mass during operation is 
the chief cause of the non-success of previous attempts, and that 
the discovery of this fact was novel. 'I'his can hardly have been 
the case, since the dependence of the efpiilibrium on the tem¬ 
perature was olivious from the excjthennic nature of the reaction, 
from the law of Le Chatelicr, whicli was known before Knietsch 
published his work. Wliat was new, were the forms of apparatus 
used to effect the regulation of the femperaltire, although here 
again a well known principle of heat-interchange was used. In 
the apparatus employed, the excess of heat of reaction is removed 
from the •converted gas as it is ])assing through the reaction 
chamber by the absrjrption of such heat by the gas which is about 
to be converted, by causing the whole or a jjortion to pass within 
heat absorbing proximity to the converted gas in the apparatus 
itself. 

Two forms of apparatus .specified are indicated in Figs. 04 
and 9."). In Fig. 94 appears an ap]iaralus provided with a number 
of tubes containing the contact substance, the heat of reaction 
being removed by the incoming gas on its way to the contact 
tubes. The apparatus also contains arrangements whereby the 
incoming gas current may be directed along and against the out¬ 
side of the contact tubes and f5r mixing the gases before entry 
to*these tubes. Fig. 9.') shows an apparatus in which the excess 
of heat is removed by the incoming gas current on its way to the 
ingress end of the contact tulx;. The lettering in the two figures 
refers to similar parts. 

M is an enclosure, which may consist of brickwork or iron 
pipe. R is the contact chamlier or chambers, shown in the form 
of a tube or tulres supported at one end by the tube-plate IF and 
at the other end by the lube-plate W. S' is an air passage 
surrounding the contact tubes from end to end, having an inlet 
n at one end and an outlet L at the other end. h h are means of 
heating the air current at or near the entrance of the pa.ssage S', 
and capable of regulation, such as a series of gas-burners. The 
current of air in the passage S' may sa-ve as a medium for initiating 
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the reaction and as a medium for cooling when the reaction is in 
progress. S is a passage surrounding the tontact tubes, by which 
the gas mixture passing to the catalyz.er is conducted and kept 
in contact with the tubes K from end to end. .S* is a tul>e secured 
to the tube-plate W, and separating the’i)assagcs 5 and S', c is 
a passage receiving the sulfur trioxide at the outlet end, and con¬ 
ducting it away from the apparatus. 0 is a pipe leading to the 
apparatus from the source of the mixed initial gases, v, v', v^, 
etc., arc valves for regulating the supply of gas to the various 
pipes. G is a heater for heating the initial gas mixture. The 
contact substance is placed in the tubes I< in a manner already 
described. 

In order to direct the passage of the cooling gas, a number 
of baffles, C, C, are placed within the chamber .S' in such a way 
that in passing them the ga.scs are compelled to pass close to the 
walls of the tubes K. The mixing apparatus A' serves to mix 
the gases before entrance to the catalyzer tubes, so as to^'qualize 
the temperature. The cover is made in two parts, l')\ and D-i, 
with the mixer N placed in the opening at the center of D\, through 
which the gases must pass in proceeding from the openings ,\ 3 , 
located at the end of the chamber .S, and outside the tubes K. 
I'he gas then passes inw'ardly through the passages Fi and 
down to the entrance of the tubes K. The temperature of the 
gases is noted by thermometers placed inside the covers J> and Di. 

In Fig. 94 a number of tubes are used with tubular pockets 
•Sj, extending through an additional tidie-plate 114, so as to form • 
a box-like chamber K between the tube-plates IT and 114, into 
which the entering gases pass from the pipe on its way to the top 
of the tubular pockets and the space in K serves for the dis¬ 
tribution of the entering gases. 'The gases stream through the 
space 5 and cool the contact substance in R. 

The mode of procedure is described as follows; It is supposed 
that a mixture of gases containing about V2% by volume of sulfur 
dioxide and a similar amount of oxygen is taken, the balance con¬ 
sisting of nitrogen. The apparatus is first heated by the gas 
burners until a thermometer in the upper cover I) indicates a 
temperature of about 300°. The source of heat is then cut off, 
and the entire stream of gas passed into the apparatus at A'. 
The temperature wdthin the cover I) first rises. When it has 
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reached a temperature favorable to the roactioii, the upper valve 
i '2 is opened, so that a'part of the f;as enters directly through h'z. 
The gases entering and leaving the apparatus are analyzed to 
determine their contents of sulfur dioxide, and in this way the 
conversion is determined. The temperaUiire in the inside of the 
contact apparatus is regidated by the reading of the thermometers 
in D and D?, by so arranging the cooling stream of gas and the 
intensity of the current by means of the valves v, v' and j '2 and 
the temperature, if necessary, b\" means of the heater G, that 
“the most favorable conversion of the gas into sulfuric anliydride 
is achie\ed.” In the case cited about Uvo-thirds (jf the entire 
gas current is admitted at A' and one-third direct through F-< 
into D, so that the temperature in D, which becomes uniform, 
owing to the action of the mixing chamber N, is alrout .180° C., 
while the thermometer in Da actually registers about 214° C. 
The conversion is stated to hi' 9(i' to OS', ,' of that theoreticallv' pos¬ 
sible, while making from forty to fift\" kgm. S(4:i per pi])e ])er 21 
hours. The dimensions of the i^ipes arc gi\'cn as about 7 ft. 
long by .7 in. diamet(T. The conversion can be increased to 0!)'’,, 
if the gases are allowed to remain longer in contact with the cata- 
ly.st. (These values presumably refer to ]jercenlages of the 
theoretical equilihrium yields, not to the over all conversion.) 
The special features of the process are stated to be cold entering 
gases, no external sources of heat, and gases leaving the apparatus 
at a temperature considerably below the temperature of rcac- 
^ tion. 

Additional patents' were issued in 1901, but these contain 
no new matter, being merely divisions of the patent of the year 
previous, in order to obtain protection for specific apparatus. A 
patent of 1901 refers to platinized asbestos spread on perforated 
plates in a tube, as has already been explained, (p. 1141). 

A patent of 190.')^ refers to the absorption of sulfur trioxidc 
in sulfuric acid containing about 27';(i of free sulfur trioxide in 
wrought iron vessels, whereby an acid containing only 0.003%, 

1. U. S. P. 088020, tool; ab.sl. Clicm. Zts. 1902, 1, 479; J. A. C. S. 
1902, 24, 201; Mon. Sci. 1902. 58, 71. U. S. P. 088409, 1901; abst. J. A. 
C. S. 24, 202; Mon, Sci. 1902, 58, 72. U. .S. P. 090002, 1901; abst. J. S. C. I. 
1902, 21, 2m-, Chem. Zts. 1902, 1, .OSO; J. A. C. vS. 1902, 24, 308; Mon. ,Sci. 
1902, 58, 73. 

2. U. vS. P. 8(X)2IH, 190.5; abst. J. A. C. S. 190.5, 27R, 232; Mon. Sci. 
1900, 65, 19, 
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iron, oi less is usually obtained wlii-u <jj)erating the process. 

Ill ^lOOb three patents were iniblished,' In the first, an im- 
pro\'euu'nt of the process described in 1000 and 1002 is specified, 
which consists in subdividing the conversion, previously carried 
out in one ooeration with the aid of 50';'o platinized asbestos, into 
two or luoie stages, carried out in separate contact chambers, 
and al orbing the sulfur trioxide formed in each stage before 
passing '' e gas to the converter following. In this way the back- 
reaction due to the action of mass of the sulfur trioxide is elim¬ 
inated, since (he only sidfur tri' .dde which comes in contact with 
the catalyst in each stage of the process is that formed in that 
stage alone. In this way an economy of jdatinum is effected, the 
amount of platinum in each contact cliamber (wlien two cham¬ 
bers are used in the manner indicated) being only one-fourth of 
that emjdor ed in a single contact chamber elTecting the conver¬ 
sion in one stage. 'Die arrangement of the apparatus calls for 
no special mention. It consists of a number, say tw'o, of contact 
chambers of the ty()e previously described, with an absorption 
apparatus lietween each pair of contact chambers. A higher con¬ 
version may thus be clTected without increasing the amount of 
platinum. 

In the second jiatent an absorption apparatus is described. 
'I'liis (big. 9ti) is similar to that used in the absorption of ammonia 
for the production of ammonium sulfate. In the figure, 1 is a 
cast iron enclosure from the top of which is susiiended a cast- 
iron hood 2, the lower edge of wdiich is serrated. The pipe 3, 
supplying the sulfur trioxide, is connected with the top of the 
hood. The exit pipe 4 leads from the top of the enclosure 1. 
The vessel 1 is supplied with sulfuric acid through a stand-pi]ie 
T), extending to near the bottom of the enclosure, the level of the 
acid in the latter being kept above the teeth of the hood. The 
finished product is drawm off by tint cock ti. The vessel 1 is 
enclosed in an iron tank 7 containing water for cooling the ab¬ 
sorption acid, the water entering through the pipe 8 and leaving 
through the pipe 0. There arc pressure gauges, 10 and 11, on the 
inlet and outlet pipes, respectively. The outlet pipe 4 should be 

I. tl. S. 1'. 809450, 1900; al)st. Clicm. Zts. 1900, 5, 1.45; J. A. C. .S. 1900, 
28R, 415; Moil. Sci. 1900, 65, 115. U. .S. 1’. 810918, 1900; ahst. J. A, C. S. 
1900, 28R, 520, Moti. ,Sci. 1900, 65, 110. tl. ,8. I*. 824172, 1900; abst. Chem. 
Zts. 1900, 5, 400; J. A. p. S. 1900, 28R, 024; Mon. Sci. 1907, 67, 12. 
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wholly or partially of larger diameter as^t 12, to allow the iinab- 
sorbed gas to deposit liquid mechanically carried over, which runs 
back into the vessel 1. The thermometer 12 registers the tem¬ 
perature in 1. In the operation of the apparatus, 1 is charged 
with sulfuric acid of about the strength of the finished product, 
acid of lower strength being used to replenish the vessel through 
the pipe o. The weaker acid is supplied in such quantities that, 
owing to absorption of sulfur trioxide, the liquid acid is main¬ 
tained at its original strength throughout the operation. The 
best strength is stated to be 97% to 99'X H>S() 4 . 

The third patent relates to the arrangement of the catalytic 
material in the contact tubes. In this (Fig. 97) the tubes are 



Kio. 97 .—Badischb Prockss for I’roducinc. SucFur Trioxide 

divided into a number of compartments by the insertion of per¬ 
forated plates, upon each plate being laid a layer oi contact ma¬ 
terial sufficient to cover it. With a tube of 4 in. diameter and 
a space between the plates of one-tenth of an inch, each layer 
may consist of about ten grams of \i)% platinized asbestos. The 
layers are thus relieved in whole or in part of pressure upon each 
other, while the gas shall have no other course save through the 
contact mass. In the sketch, a is an iron rod suitably supported 
at the bottom of the contact tube R and passing up its central 
line. Over this fod a'narrow tube b may be placed, reaching up 
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to the rod to tJie clevatiofl of the lower end of the contact mass in 
the contact ttibe. The first perforated plate c is then passed 
down the contact tube over the rod a and rests upon the narrow 
tube h. Upon this plate' sufficient platinizetj, asbestos or similar 
contact mass is placed to cover up the perforations and periphery. 
Next a bead or short piece of narrow tube d is passed down the 
contact tube over the rod o until it is supported by the perforated 
plate c or a portion of the contact material resting upon it. 
Another perforated plate c' is then placed in position to rest on 
the bead or tube d, and is covered by a layer of contact material. 
This process is continued until the tube is charged. The per¬ 
forated plates may be supported by tripods Dj, Tf 4 , Ds, instead of 
narrow tubes or f)eads, or other methods of supporting the plates 
may be used. 

English patent 0828 of 1001 describes the use of other car 
riers for rtie platinum in place of asbestos. 'I'liis is effected by 
the intermediate action of an intimate mixture of an oxide or 
hydrate of a fixed alkali or alkaline earth, or salts of these con¬ 
taining a volatile acid such as hydrochloric, acetic or carbonic, 
with a salt of a volatile base such as ammonia, and a less volatile 
acid as sulfuric or phosphoric, at a suitable temperature. 1 loublc 
decomposition takes place, the vapor of the volatile salt found 
imparting a high degree of porosity to the non-volatile salt either 
before or after heating. The oxides of iron, coj)per or chromium 
jre also specified as substrata for jdatinum black.' Thus 115 parts 
of burnt pyrites entirely free from arsenic, in pieces about the size 
of a pea, screened free from dust, are impregnated with .‘10 parts 
of• a solution of platinic chloride containing 17 gm. per liter. 
The resulting mass can be used at once, or may first be heated. 

In a later specification the use of vanadium peutoxide,- pre¬ 
pared by heating a mixture of 200 parts of finely ground pumice 
powder with 14 parts of ammonium vanadate, moulded into the 
required shape, to dOO” to expel ammonia, and then to 140° in 
a current of sulfur dioxide to produce cohesion, or similar catalysts 
containing vanadium pentoxide, is specified. These are stated to 

1. D. R. P. 14035.3; E. P. 10729, 1901. 

2. E. P. 23.541. 1913; ab.st. J. , 8 . C. I. 191.5, 34, 823; Ann. Uep. Chem. 
Ind. Soc. 1910, 1, 112. E. P. 8462, 1914; abst. J. S. C. 1. 191.5, 34, 822. 1). 
R. P. 291792; abst. Zts. ang. Chem. 1916, 29, 270; Chem. Zentr. 1916, 87, 
I. 1048; Chem. Ztg. 1916, 40, 211. 
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possess activity almost equal to that of platinum. The alkaline 
salts of osniic and ruthcnic acids,* supf)orted on asbe.stos, mag¬ 
nesia, alumina, pumice and meerschaum, also have been proposed. 
Zeolite^ or sodium aluminium silicate (“Permutit”) may also be 
impregnated with solutions of potassium chloroplatinatc, osmate, 
or ruthenate, or tungsten chlorides.'* 

The Tentelew Process, issued in the names of Cl. Ivschellmann 
and A. Ilarmuth on behalf of the Tentelew Chemical Works of 
Petrograd,'* refer to a contact process using platinum, but differ- 

1 D R R. 292242; iibst. Zts. anff. Cliem. tOlfi, 29, 292; Clicm. ZtK. 
Rep. 19IG, 40, 2i;t. I'l. R. R2977. RM.'t; uhst. C. A. 1914. 8, aRt2; T. R. C. I. 
1914. 33, 4H:1; Mon. ,Sei. 1917, 84, 47. It. R. RjoS, 1915; al«t. J. S. C. I. 
191(1, 35, (1X9; Ann, Rep. Cheni. Ind. Soc. 191(1, 1, 121. 

2. Norw. R. 2(1X22. 

,4. For f((rther information on this process consnit the followinR pat¬ 
ents all of which were taken out hy the Iladi.sehe Co.: U. R. R. (1X8470; 

(hst T A C ,S 1902, 24, 202; Mon. .Sci. 1902, 58, 72. tl. S. R. (18,8471; 

ahst I A C. R. 1902, 24, 2(12; Mon. Sei. 1902, 58, 72. II. R. i*. (1.88472; 

.(hst. j. A. C. R. 1902, 24, 202; Mon. Sci. R.)02, 58, 72. U. R. R. (i9201S; 

ahst J R C I. 1902, 21, 845; Mon. .Sci, 1902, 58, 7.'!; Chem. Zts. 1902, 1, 
70S; T. A. C. R. 1902, 24, 281. IT. S. R. S22:i7;t; ahst. J. A. C. R. 190(1, 28R, 
5:19 ’ ' 1C. R. 1.59,50, 1.898; ahst. J. ,Soc. Dyers Col. 1899. 15, 2.51. tv. R. 10729, 
1901- ahst. .T. R. c. T. 1902, 21, 548; Chem. ZlR. 1902, 26, 929; Mon. Sci. 
lOOX. 59, 75.' I). R. R. Ii:i9;i2; ahst. Zts. atiR. Chcni. 1900, 13, 10:17: Chem. 

Cent'r 1900 71, 11, 792; Jahr. Chem. 1900, 53, 218; Cheni. Zts. 1902, 1, 
hi; Chem. Z1,i;. Rep, 1900, 24, 9.52; Wai;. Jahr. 1900, 46, I. 401. D. R. R. 

1 l.'io:!.'!; ahst. Zts. ang. Chem. 1900, 13, O.'iX; Chem. Cen(r. 1900, 71, tl, 
79;R Jahr. Cheni. 1905-190.8, 11, l(il7; Chem. Zts. 1902, 1, hi; Chem. Ztg, 
190(') 24, 778; Wag. Jahr. 1900. 46, f, .'llO. 1). R. R. 119059; ahst. Chem. 
Centr. 1901, 72, 1, ,805: falir. Chem. 1901, 54, 211; Chem. Zts, 1902, 1, 14, 
405; Chem. Ztg. 1901, 25, 481; Wag. Jahr. 1901, 47, T. 415; Mon. Sci. 1901, 
57, 211. D. R. R. i;i4714; ahsl. Zts. ang. Chem. 1902, 15, 945; Chem. 
Centr. 1902, 73, II, 774; Chem. Zts. 1904, 2, 271. .529; Chem. Ztg. 1902, 
26, .878; Wag. Jahr. 1902, 48, f, 284. I). R. R. 144944; ahst. Zts. ang. Chem. 

1902, 15, 945;'Chem. Centr. 1902, 73, Tl, 77.4; Jahr. Chem. 1902. 55, 4.5.5; 
Chem. Zts. 190.4, 2, 219, 274; Chem. Ztg. 1902, 26, 8.50, Wag. Jahr. R,)02, 48, 

1, 28-t. D. R. R. 144217; ahst. Zts. ang. Chem. 1902, 15, 704; Chem. Cemtr. 
1902, 73, 11, 410; Jahr. Chem, 1902, 55, 4.57; Chem. Ztg. 1902, 26, 708; 
Wag, jahr. 1902, 48, I. 280. 285; Mon. Sci. 1904. 59, 100; Chem. Zts. 1904, 

2, 274 D R R. 1.50454; tibsl. Zts. ang. Client. 1904, 17, 824; Chem. Centr. 

1904, 75, 1117; Chem. Ztg. 1904 , 28, 004; Wag. Jahr. 1904 , 46, 11, 474. 
1). R. R 118190; ahst. Zts. ang. Chem. 1904, 17, 244; Chem. Centr. 1904, 
75, t, 110; Jahr. Chem. 1904, 57, 400; Chem. Ztg. 1904, 28, 05; Wag. Jahr. 
R.I04 , 46, I, 289; Chem. Zts. 1904, 3, -100, .501. 1). R. R. Anin. B-(422l). 
h'. R. 280047, 280018, 2S0049; ahst. Mon. Rei. 1899, 54, 144, 049, 0.52, 0.54, 
F, R. 409074; ahst. Mon. Sci. 1902, 58, 109. F'. R 414.487; ahst. C. A. 1912, 

6, 1905; Chem. Ztg. Rep. 1910, 34, 498; Mon. Sci. Rll.'l, 79, 79. Belg 1 
147751, 1.37752, 147754, 158924. Anst. R. 1094, 1002, 1771, 10075; ahst. 
Chem. Zts. 1903, 2, 417. Russ. P. 5842, .5897, 5945, 8.504. Hunganan R. 
15504, 1547.5, 25.5;13, 2.5574. vSwiss R. 17820, 1898. • , 

4. The lollowing patents were taken out by the Tentelew Chemical 
Co • 1' R R 7')220,5 1 905 - 900.500, 9:17147 ; 947148; ahst. Mon. Sci. 1910, 
73,' 82. u'. vS'. R. Re’l27,59, 1908. I'. R. 4427, 1891; 11909, 1902; ahst. 
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ing in many respects from that of the Badische Co. Distinctions 
in the purification of the burner gases between the two processes 
are as follows: 


Badische 


Tentelew 

1. Steam is added to the hot burner 

1. 

No steam is added to the gases. 

gases. 



2. The gases are eoolcd. 

2. 

The gases arc cooled. 

3. The gases arc not filtered. 

3 ! 

The gases arc subjected to dry- 



filtration for removal of acid 



fog. 

4. The gases are wa.shcd with sul¬ 

4. 

The gases are not washed with 

furic acid to remove acid fog. 


sulfuric acid. 

5. The gases are not treated with 


The gases arc washed with an 

alkali. 


alkaline liquid to remove chlor- 


iiic, fluorine, etc. 


The contact apparatus of the Tentelew process differs in a 
number of essential respects from that of the Badische. In the 
process as actually in use, however, the apparatus differs markedly 
from that of the patent specifications, so that it appears unneces¬ 
sary to describe the latter at lengtn. The Tentelew apparatus is 
especially useful in completing the conversion partially effected 
by the iron oxide catalyst of the Mannheim process, and as so 
used the apparatus is of a very simple character. The gases 
from the Mannheim plant, after the sulfur trioxide has been ab- 
.sorbed in sulfuric acid towers, are carefully filtered and freed 

J. S. C. I. Ifla'L 22, G'J.'i. E. P. 209.52, 1904; abst. J. S. C. I. 190.5, 24, 490. 
E. P. 22095, 1907; abst. J. S. C. I. 1908, 27, 280. E. P. 2.5419, 1909; abst. 
J. S. C. I. 1910, 29, 422. F. P. 521275, 1902, and addition 5778 thereto; 
-abst. Mon. .Sci. 1905, 59, 125. F. P. 582081, 1907; 407914, 1909. D. R. P. 
17^62, 1904; abst. Zts. ang. Chem. 11K17, 20, 1000; Chem. Zeiitr. 1907, 78, 
I, 451; Jahr. Chem. 190.5-1908, I, lj524; Zts. Schiess. Sprung. 1907, 2, 12; 
Chem. Ztg. Rep. 1906, 30, 475; Wag. Jahr. 1906, 52, 1, 578. D. R. P. 
194176; abst. Zts. ang. Chem. 1908, 21, 951; Chem. Zentr. 1908, 79, I, 908; 
Jahr. Chem. 190.5-1908, I, 14.58; Chem. Zts. 1908, 7, 7.58; Chem. Ztg. Rep. 
1908, 12, 94; Wag. Jahr. 1908, 54, I, 508; Mon. Sei. 1910, 73. 145. D. R. P. 
211999; abst. Wag. Jahr. 1909, 55, 1, .547. D. R. P. 227095; abst. Zts. ang. 
Chem. 1910, 23, 2190; Chem. Zentr. 1910, 81, II, 1.546; Jahr. Chem. 1910, 
I, .526; Zts. Schiess. Spreng, 1910, 5, 441; Chem. Ztg. Rep. 1910, 34, 650; 
Wag. Jahr. 1910, 56, I, 421. D. R. P. 250.585; abst. Zts. ang. Chem. 1911, 
24, 425; Chem. Ztg. Rep. 1911, 35, 9.5. D. R. P. Anm. of Jan. 18th and Sept. 
1910. D. R. P. 244*18; abst. Wag. Jahr. 1912, 58, I, .575. Aust. P. 
1.5751, 1905; 21164, IIMIS; 52‘X)2, 1<K)7; 457.54, 1910. Belg. P. 16.5469, 1902; 
179782, 1904; 199925, 1907 ; 219865, 1909. Hung. P. 26477, 1902 ; 32779, 
1904 ; 41.504, 1907 ; 49163, 1909. Italian P. 139/1.55; 189/196 ; 314/86; 
187/261. Jap. P. appl. of Dec. 10, 1909. Norw. P. 11372, 13975, 20029. 
Roum. P. 141, 813, 1.582. Russ. P. 6691, 6692, 1902 ; 8845, 1904; 10880, 
1900; Russ. P. Appl. Oct. 20, 1!X)9; Feb. 17, 1910. Span. P. 46.563, 1910. 
Swed. P. 1.5967, 19742, 29437. Swiss P. 26495; ab.st. Chem. Zts. IIKM, 3, 
21. Swiss P. 32699; abst. Chem. Zts. 1(K),5, 4, 400. Swiss P. 41769, 497.57. 
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from fog by boxes containing coke moistened with strong sulfuric 
acid to which a little oleum is added. H'licy are then re-heated 
in irctfi pipes and passed to a rectangular brickwork tower, con¬ 
taining iron frames (Fig. OS), in which the catalyst material is 
fitted. The catalyst material consists of asbestos cloths, like the 
ordinary .sponge-cloths used for drying crockery, which have been 
impregnated with platinum by soaking in a solution of chloro- 
platinic acid and then reducing in a bath of sodium formate, as 


+o coolers & 



Fig. 98.— The Tentei.Ew Sui.kcric Acid Contact Method 

previously described (p. 1113). Each asbestos mat measures about 
3 ft. by 2 ft., and contains 40 grams of platinum. About 25 mats 
are superposed one above the other, in contact, in the iron frame, 
which can be fitted in place or removed from the brickwork 
tower. The gases enter the Tenlelcw’ shaft at about 450° and 
issue at about 500°. The absorption of the sulfur trioxide is 
carried out in towers containing strong sulfuric acid, in the usual 
way. G. Lunge observes that, beyond a few patent specifica¬ 
tions which he quotes, the process is kept with perfect secrecy, 
and that the preparation of the contact material, especially, is 
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a profound secret, although it would appear‘that the process is 
not intricate. ' 

The filters described by the patent specifications arc used as 
follows: The gases are first passed to a dust-chamber, provided 
with shelves, in which the coarser particles dt dust are retained. 
They now pass into a space cooled by water where more dust is 
retained in the shape of soft mud, and much of the sulfuric acid 
fog condensed to acid of about 52° Be., which nms away contin¬ 
uously. To remove fine dust and sulfuric acid fog, the gas now 
passes from the bottom upwards through a large c(jke filter, con¬ 
taining graded coke, finer towards the top, where the pieces arc 
about 10 mm. diameter. In this “coarse filter” most of the acid 
condenses to acid of 40° Be., and mud and dust carried over are 
retained. The filter is purified by forcing water up brick chan¬ 
nels, on which the coke rests, two such filters being used. The 
gas next passes to the “fine filters,” of which there are two, one 
only being used at a time. These are packed with much finer 
coke, the smallest pieces being 1 mm. diameter. The gas enters 
from the top, and cleaning, which is nccc.ssary about once per 
annum, is carried out by removing and replacing the top layers. 
The gases are now, according to the specification, passed to a 
series of wa,shers, containing an aqueous solution of an alkali, or 
milk of lime, which remove chlorine, sulfuric acid fog, and fluor¬ 
ine. They are finally dried and passed to the contact apparatus. 

A special apparatus for cooling the hot burner gases is de¬ 
scribed, consisting of a cylindrical cooling chamber with a pre¬ 
liminary chamber into which the gases enter, at the bottom of 
which is a collecting chamber open at the bottom, with an outlet 
for the cooled gases and dipping into a trough where the acid 
collecting forms a hydraulic seal. The chamber is built up of 
a numljer of rings, the flanges being soldered together. Kach ring 
contains a number of hollow plates kept in place by stays. 'I'he 
chambers are surrounded by an outer mantle provided with an 
inlet for cooling water, and an outlet for the same. The cooling 
plates communicate at the top and bottom by rows of slits, the 
top side of the cooling plates being inclined from the inside out¬ 
wards. 

The preliminary chamber and the collecting chamber arc also 
built up of rings. There is provided a number of brunch pi)K‘s 
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for inlet of water. The mantle is made of wrought iron, all other 
parts of i)ure cast-lead, and the whole rests on a cast-iron ring. 
The cooling plates are stiffened by numerous cross-stays, and the 
rings by rilis. 

The hot gas enters the apparatus and passes between the 
cooling plates. Cooling water enters at the bottom into the 
mantle and rises through the cooling plates, the condensed acid 
falling into a trough g. The cooler is cleaned by introducing water 
through the necks at the toj), and carries down the mud from the 
cooling ])lales into a trough. The gases enter at 500°, and are 
cooled to atmospheric temperature by a single passage through 
the apparatus. 

The conlact apparatus described consists of a cjdindrical 
chamber forming wdiat is called an “et|ualizing space,” i. e., a 
space into w'hich heat can be radiated from the contact material 
so as to keep dow'ii the temperature of the latter, W'ith a cover 
and a gas-inlet. A smaller lower chamber is connected with the 
above by a conical connection, the gases being thoroughly mixed 
by passing through a central opening. A sieve-plate is provided, 
composed of se^'eral jiieces, which serves to ini.x the gases. The 
principal iiortion of the coiilact mass, e. g., platinized asbe.stos, is 
spread over the plates in a layer reaching nearly to the tops of 
tlu; cones. 'I'he contact plate s may be taken out separately if 
the apparatus is to be repaired. The cones are supposed to take 
heat from the contact mass and radiate it out into the gases above.^ 
The plate also remoees heat by conduction to the cones. The 
reaction is completed by ])a.s.sing the gases through a number, 
say 25, of layers of catalyst material. 

In connection with the contact chamber is a regulator, or 
heat changer, the function of which is to effect an exchange of 
heat bctw'een the inlet gases, after cooling and purification, and 
the hot gases leaving the converter, this being of the usual multi¬ 
tubular type. 

'I'lie absorbing tower is shown in Fig. 99, and consists of a 
number of superposed chambers a, Ui, Oj, each containing a 
specially shaped gas inlet pijie, /), surmounted by a hood, c, con¬ 
nected with the walls of the chamber, and perforated on the mar¬ 
gin d. 'I'he gases are thus spread uniformly over each section of 
the tower, 'i'he,chambers are surrounded by cooling jackets. 
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e, througli wliich water circulates. Tke hoods are arranged at 
suclj an angle that the liquid is thrown out against the cooled 
chamber sides. The absorbing acid is either introduced near the 
top at /, and flows through all the chambers by means of connect¬ 
ing pipes g, finally flowing away at h, or is introduced separately 
into each chamber. In the second method, acids of different 
strengths may be prepared. 

The Meister, Lucius and Bruning Process. The process em¬ 
ployed by the Farbwerke Hochst, vormals Meister, Lucius and 
Briining, was invented by C. Krauss, and has been developed in 
various fonns.' 

As a result of small scale experiments and theoretical con¬ 
siderations Krauss concluded that it was most advantageous to 

1. The Farbwerke Hochst, vorin. Meister, I.iicius & Briining have 
taken out the following patents on the manufacture of sulfurie acid: U. S. I’. 
077070, 1001; abst. Mon. Sci. 1001, 57, 281. U. .S, P. 077002. 1001; abst. 

J. A. C. S. 1002, 24, 107; Mon. Sei. 1001, 57, 281. U. .S. P. A)0.5I2; abst. 

J. S. C. I. 1002, 21, 8.50; Chem. Zts. 1003, 2, 274; J. A. C. S. 1002, 24, .510; 

Cheni. Ztg. 1002, 26, .5;«; Mon. Sei. 1002, 58, 181. IC. P. 0057, 1808; abst. 

Mon. Sci. 1000, 56, 12. K. P. 14728, 1808; abst. J. S. C. 1. 1800, 18, ,584, 

K. P. 285. 1800; abst. J. Soe. Dyers Col. 1000, 16, 22. li. P. 1385, 1001; 

al).st. J. S. C. I. 1001, 20, 1200. li. P. 2308, 1001; abst. J. S. C. I. 1002, 21, 
117; J. vSoc. Dyers Col. 1002, 18, 49. li. P. 3101, 1002; abst. J. S. C. I. 
1903, 22, 92; J. Soc. Dyers Col. 1003, 19, .53. li. P. 4020, 1902; abst. T. S. 
C. 1. 1!H)3, 22, 03. D. R. P. 10.5870, 1,808; abst. Zts. ang. Chem. 1800, 12, 
1002; Chem. Centr. 19(M), 71, 1, 445; Jahr. Chem. 1,800, 52, 424; 19IK), 53, 
318; Chem. Ztg. 1890, 23, 1003; Wag. Jahr. 1899, 45, 301; Mon. .Sci. 1902, 
58, 204; Chem. Zts. 1002, 1, 13, 10. 1). R. P. 1004.8.3, 1898; abst. Zts. ang. 

Chem. loot), 13, 397; Chem. Centr. 1000, 71, 11, 227; Chem. Ztg. 1900, 24, 
289; Wag. Jahr. 1900, 46, I, 310; Mon. Sei. 19(K), 56, 185; Chem. Zts. 1902, 
1, 13, 10. D. R. P. 113932, 1899; abst. Zts. ang. Chem. 1000, 13, 1037; 
Chem. Centr. 1000, 71, II, 702; Jahr. Chem. 1900, 53, 218; Chem. Ztg. 10(K). 
24, 952; Wag. Jahr. 1900, 46, .301; Mon, Sci. 1001, 57, 115; Chem Zts. 1902, 
1, 13. D. R. P. 110,505, 1890; abst. Zts. ang. Chem. 1901, 14, 445; Chem. 
Centr, 1901, 72, I, 077; Jahr. Chem. 1901, 54, 241; Chem. Ztg. 1001,*25, 
3.35; Wag. Jahr. 1901, 47, 1, 417; Mon. Sci. 1901, 57, 211; Chem. Zts. 1002, 

1, 13. D. R. P. i;3.5887, 1902; abst. Zts. ang. Chem. 19t)2, 15, 1140; Chem, 
Centr. 1002, 73, If, 1228; Jahr. Chem. 1902, 55, 355; C'lem. Ztg. 11H)2, 26, 
1001; Wag, Jahr. 1902, 48, I, 287; Mon. ,Sei. 1903, 59, 72; Chem. Zts. 1903, 

2, 274, 275. D. R. P. 139554, 1902; abst. J. S. C. I. 1903. 22, .552; Zts. ang. 
Chem. 1003, 16, 327; Chem. Centr. 1903, 74, I, 8.50; Jahr. Chem. 1903, 56, 
344; Chem. Ztg. 1903, 27, 300; Wag. Jahr. 190.3, 49, 2,52; Mon. Set. 1904, 
61, 81; Chem. Zts. 1903, 2, 528, 542. D. R. P. 109728; abst. Zts. ang. Chem. 
UM)7, 20, 974; Chem. Centr. 1900, 77, II, 184; Jahr. Chem. 190.5-190.8, I, 
1023; Chem. Ztg. Rep. 1906, 30, 404; Wag. Jahr. 1900, 52, I, 374; Moil. 
Sci. 1907, 67, 140; Chem. Zts. 1907, 6, 21. F. P. ,318932, 1902; abst. J. S. 
C. I. 1902, 21, 14,54; Chem. Zts. 1903, 2, 274; Mon. Sci, 190.3, 59, 122. Aust. 
P. 480, 1899; 12002, 1903; abst. Chem. Zts. 190.3, 2, 714. 29004, 1901. 
Bclg, P. 134712, 1898; 136522, 1898; 14011X1, 1899; 17)4.569, 11X11; 16D17, 
1902. In this connection, see also Arndt, Dingl. Poly. 1007, 322, 43; abst. 
C. A. 1907, 1, 1460. M. Fcigcn.sohn, Chem. Ztg. ISKIO, 30, &51, F. Wm- 
telcr, Chem. Ztg. 4906, 30, 87. 
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unevenly heat the contact, mass, tlie temperature in the first Zone 
of reaction b^ing maintained sufficiently high to bring about rapid 
reaction of most of the sulfur dioxide, and then cooling the gases 
to about 400°, when the reaction is nearly complete. This grad¬ 
ation of temperature may be attained in either of two ways; 

(1) By having a preliminary contact chamber maintained at 
a temperature of, say .500°, in which 75';o-cS0% of the SO2 is 
transformed into SO3, then cooling the gases to 400°, either by 
refrigerating tubes or by admixture with cold gases which do not 
disturb the process, and then passing to a second contact space, 
where the remaining 25 *^ 0 of SO2 is converted into SO3. 

(2) By employing a very long contact space, in which the 
gases enter at oo0°, and gradually cool down to 420° before 
leaving. 

The hotter contact space may be charged with cheaper con¬ 
tact substawces, which are active at the higher temperatures, such 
as vanadic, molybdic and tungstic acids; oxides of iron, cobalt, 
nickel, copper, silver, manganese, chromium and uranium or oxides 
of rare elements such as cerium, didymium, lanthanum, /irconium, 
thorium, titanium, or even silica. Mixtures of the above catalysts 
may be used. 

Among the metals of the platinum group, platinum only is 
suihciently active, as iridium and palladium act Imt slowly, while 
gold is inactive. 

, Investigations of contact poisons have shown that mercury 
and carbon monoxide were innocuous. Sulfur, and water in the 
form of mist, or sulfuric acid mist, inhibit or stop the reaction. 
Arsenic, selenium, tellurium, and antimony arc powerful contact 
poisons, selenium and tellurium causing jrermanent poisoning of 
platinum, while arsenic acts only temporarily and disappears in 
course of time, especially if the gases contain traces of moisture. 

The arrangement of apparatus used is shown in h'ig. 100. 
The pyrites burner gases issuing from the dust-chamber are cooled 
and purified in the arrangement Ru Ri, Ri, and then pass through 
a battery of pipes E in the dust-chamber where they are pre¬ 
heated by the hot burner gas. These pipes are arranged like 
an ordinary economizer with scrapers, gas jiassing through them 
being heated to 500°. The hot gases now enter the contact 
space Oi, where most of the sulfur dioxide is conv.ertcd into tri- 



Fig. 100.—The Meister. Lecius & BrCxing Process of Contact H:;SOi Manufacture 
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oxide, and then pass to the heat interchanger .Vi, where they are 
cooled by gases passing in the opposite direction, the cooled gases 
being passed to the absorber Ft, to remove the sulfur tricxide. 
The cooled gases pass back to the interchanger Vi, if necessary 
through a special heat regulator, and into tWe contact space O't, 
where most of the remaining sulfur dioxide is converted into trioxide. 
The gases are cooled in K and the sulfur trioxide is retained in 
Fi by strong sulfuric acid or by water or steam. Alternative 
processes are as follows; 

(a) The kiln gases arc cooled and purified in Rt, K^, Rs, 
heated by the exchanger Vi and passed to the contact space O2, 
provided with a heat regulator, then back to I’l, where they give 
up heat. After removing sulfur trioxide in Fj the gases are heated 
in E, passed into Ot, and absorbed in Ft. 

(b) 'fhe purified gases are heated in V'l, passed through the 
contact space O2, cooled in K, freed from sulfur trioxide in F2, 
reheated m F,. catalyzed in Oi, pas.sed through V,, and finally 
freed from trioxide in Fj. 

(c) The gases are purified in Rt, R2, Rz, heated in F, catalyzed 
in Ot, cooled in K, freed from trioxidc in Ft, heated in V^, catalyzed 
in O2, passed back to Vt, and freed from trioxide in F2. 

In another process, ‘ a rotary furnace C is used, fed with burnt 
pyrites impregnated with ferrous sulfate. The cylinder has lon¬ 
gitudinal partitions which ensure that the material is turned over 
in its passage down the revolving cylinder. Gases from pyrites 
burners pass upwards through the same cylinder, and the burnt 
pyrites eompletely absorb the SO^ at the cooler upper end of the 
cylinder. As the substance passes down to the hotter portions 
it is broken up, evolving SO.i and leaving active ferric oxide, 
which induces combination of the SO2 and oxygen in the gases 
passing over it. The ferrous sulfate is completely decomposed, 
and the .sulfur in the burnt pyrites expelled, so that the spent 
substance falling into Kt is free from sulfur. 

The sulfur trioxide and sulfuric acid, with excess of nitrogen, 
passing out at the upper part of C are freed from dust in the 
chambers Ki, and pass to the absorption apparatus. This process 
has been discontinued at Hochst. 

According to the patent specifications, the platinum when 

1. D. R. P. 1.S95.54, 1!)02; abst. J. S. C. I. 1903, 22, hra-, Zts. ang. 
Chem. 1903, 16, 327. 
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poisoned with arsenic may be renovated by passing steam, mixed 
with hot burner gases, over them. Wlien no more arsenic can 
be detected in the is.suing gas, the steam is discontinued. 

The absorbers used at Hbchst arc cast-iron vessels with out¬ 
side cooling jackets. The gases are passed through the absorbing 
liquid in a state of fine division, induced by suction or pressure. 
If ordinary sulfuric acid is made, only one absorber is used, 
but for oleum two or three absorbers placed at different heights 
are employed. The absorbers are fed with acid containing more 
than 015% HjSOi if oleum is made, but if ordinary acid is produced 
they are fed with dilute acid or even water. Up to 0.V,’4 the acid 
is crystal-clear, but higher strengths are slightly turbid, from a 
little iron salts derived from the apparatus. These cannot be 
removed by settling or filtration, but disappear on the addition 
of a little water. 

The Schroeder-Grillo Process.' The preparation of purified 
sulfur dioxide from pyrites burner gas, suited to the manufacture 
of sulfur trioxide by the contact process, was attained by the 
process of M. vSehroeder and E. Haenisch in l.S<S7.- This prtK-ess 
has already been described under sulfur dioxide (p. 1()!)2). It is, 
of course, too expensive tor present day working. This gas, 
mixed with air in suitable proportions, was directed to be passed 
at a low red-heat, under pressure, over platinized asbestos. This 

1. The Schroeder-Grillo process is covered by the following patents: 
U. S. P. 03111)24, 0301)2.'): U. S. P. 742,002; abst. J. .S. C. I. 11)03, 33, 1243; 
Chem. Zts. U«)4, 3, 244,291; J. A. C. S. 11)04, 26R, 233; Mon. Sci. 11)04,61,31. 
II. S. P. 71)3iV13: ab.st. J. A. C. .S. 1900, 28R, 80; Mon. Sci. 11)00, 65, 19. 
K. P. 2.')1.')8, 1898; abst. J. S. C. 1. 1899, 18, .W. It. P. 17034, 19(K); abst. 
J. S. C. I. 1901, 20, .579; Chem. Ztg. 1902, 26, 94. K. P. 10412, 11K)1; abst. 
J. ,S. C. I. 1902, 21, 344. F. P. 283490, 304.530, 311081). D. R. P. 102244; 
ab.st. Zts. ang. Chem. 1899, 12, 229; Chem. Centr. 1899. 70, I, 1170; Jahr. 
Chem. 1899, 52, 424; Chem. Ztg. 1891), 23, 420; Wag. Jahr. 1899, 45, .300; 
Mon. Sci. 1899, 54, 14,5; Chem. Zts. 1902, 1, 13. D. R. P. 117)333; abst. 
Zts. ang. Chem. 1900, 13, 1211; Chem. Centr. 19(H), 71, 11, 1090; Jahr. Chem. 
1900. 53, 219; Chem. Ztg. IIMH), 24, KKH); Wag. Jahr. 1900, 46, I, 32,5; Mon. 
.Sci. 1901, 57, 117; 1902, 58, 293. D. R. P. 128,5.54; abst. Chem. Centr. 
1902, 73, r, 737; Chem. Ztg. 1902, 26, 2,51; Wag. Jahr. 1902, 48, I, 291; 
Mon. Sci. 1902, 58, 182; Chem. Zts. 1902, 1, (M)9; 1903, 2, 9. D. R. P. 1.3809.5; 
abst. Zts. ang. Chem. 190.3, 16, 180; Chem. Centr. 19(Ki, 74, 1, 484; Chem. 

•Ztg. 1903, 27, 1.5.5; Wag. Jahr. 1SH)3, 49, 1, 202; Chem. Zts. l‘H)3, 2, .529, ,542. 
Aust. P. 50.5, 12287. Belg. P. 140984, 1.5271.3, 1.50974. Hung. P. 1,5502. 
Ital. P. .54742, 57404. Span. P. 2.5037, 20728. Swiss P. 22702; ab.st. Chem. 
Zts. 1902, 1, 479. Russ. P. 8372, 837.3, 8140. Natal P. 2.3, 150, 1.57, 1901. 
Cape Colony P. 1280, 1445, 1440. Patent.s have also been taken out m 
Chile and Peru. 

2. li. P. 9188, 1887; abst. Chem Centr. 1887, 58, 1419. 
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process was discontinued when it became possible to use pyrites 
gases directly, as described by Knietsch. A proposal to use 
pyrites burner gas had been made in 1883 by W. Rath.* 

The history of the development of the very important mod¬ 
em Schroeder-Grillo contact process has »been detailed by F. 
Meyer.'' It originated in work carried out at Hamborn by the 
finn of Wm. Grillo, who were interested in the smelting of zinc 
blende, and the experimental work was carried out by Max 
Schroeder with a view to the utilization of the sulfur dioxide 
evolved in the roasting of the blende. The main objectives were 
to cheapen the contact process by utilizing the roaster ga.ses 
directly, and to reduce the resistance of the contact material to 
the jjassage of the gases. Both conditions arc fulfilled by the 
new contact mass proposed by M. Schroeder,’ which marks a 
distinct departure in the history of the contact process. In place 
of the insoluble materials previously used as earriers for the plat¬ 
inum, isuch as asbestos, pumice and Inirnt clay, Schroeder used 
soluble salts, which offer the following advantages; 

(1) The contact mass is easily regenerated by placing it in 
water, when the soluble salts dissolve, leaving the platinum. It 
is therefore not of such great importance to have the gases ex¬ 
haustively purified, since the catalyst is easily made up again. 

(2) The crusts of calcined salt are very jwrous, and offer 
much less resistance to the passage of the gases than the compact 
masses, such as tightly packed platinized asbestos, formerly used. 

(3) The catalytic activity of the new mass is so high that, 
whereas in the old plants asbestos containing 8% to lO',','; of 
.platinum was. required, the new contact mass may contain as 
little as 0.1% Pt. 

In the original patent,'' the preparation of the catalyst is 
described as follows: Soluble salts of the alkalis, earths, or alk¬ 
aline earths, and of the metals are dissolved in water, and then 
mixed with a solution of the platinum salt. The mixed solution 
is then evaporated, and the resulting salt crusts dried and broken 
up to a uniform granular size. The powder resulting from the 

1. D. R. P. 22118, 1883; al).st. Wag. Jahr. 1883, 29, 209. 

2. J. S. C. I. 1903, 22, 348; abst. Jahr. Chem. 1903, 5$, 347. 

3. U. a P.'636924, 1899. 

4. U. S. P. 636925, 1899. 



SULFURIC ACID 


1103 


breaking up is re dis#lved in water and treated ns before until 
all the material has been converted into jrranulcs of the appro¬ 
priate size. This material can be tilled directly into the contact 
chambers. The separation of the finely divided plalinum on the 
surface of the supporting salt occurs on heating, i. e., on starting 
the process. 

As salts suitable for supports, only those are available which 
remain unchanged during the crmtact process, i. e., such as con¬ 
tain stable sulfates or an acid, for instance phosphoric, which is 
stronger at a low red-heat tlian the .sulfuric acid (sulfur trioxide) 
formed in the contact process. Other salts, such as chlorides and 
carbonates, will be decomposed at the commencement of the 
heating, and as this leads to an alteration of structure and injury 
to the firm cohesion of the individual granules, these salts cannot 
be used. As an example of the preparation of the catalyst, the 
following procedure is cited; 100 lbs. each of potassium, mag¬ 
nesium and aluminium sulfates, are dissolved in the smallest 
quantity of water, and 10 lbs. of concentrated aqueous platinum 
chloride added. The mixture is evaporated, dried, and granu¬ 
lated. The platinum is in a condition of maximum activity, and 
appears to be effective in the interior of the pieces not less than 
on the surface, no doubt on account of the great ])orosity due to 
the driving off of the water of crystallization. 

If the surface of the contact mass becomes covered with im¬ 
penetrable layers of dust from the gases thus diminishing the 
efficiency of the catalyst - it is only necessary to revivify the 
material by dissolving it in water, and evaporating the solution 
thus obtained. After the soluble salts have been removetl by 
water the dust may be separated from the platiniun by boiling 
with concentrated hydrochloric acid. 

The preparation of the catalyst may be carried out in the 
contact apparatus itself.' A blower forces air through a series of 
qfipes heated in a furnace, and the air, at about 200°, passes into 
the bottom compartment of a cylinder, below a grating on which 
is spread a thin layer of, say, anhydrous magnesium sulfate, 
covered with crystals of the same salt moistened with platinum 
chloride solution, or mixed with platinum powder, more of the 

1. A. G. fiir ZinJeindustric, vorni. W. Grillo and M. Schroeder, E. P. 
10412, 1901; abst. J. vS. C. 1, 1902, 21, 344. Cf. E. P. 25158, 1898. 
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moist 3 alt being added successively as each layer dries, lUntil the 
compartment is sufficiently charged. Another compartment is 
then bolted or secured on, and the process repeated, continuing 
until the desired number of compartments have been charged. 
When thoroughly dried the material is ready for the production 
of sulfur trioxide. To increase the formation of blow-holes in 
the mass, sugar or gum may be added, the carbon of which sub¬ 
sequently bums away. 

In a later patent' an apparatus for carrying out the contact 
process with the porous catalytic material is described. The 
purified gases before passing to the retorts containing the contact 
mass stream through tubes exposed outside to the hot burner 
ga.ses, and so acquire the requisite amount of heat. The appa¬ 
ratus is shown in Figs. 101-103. The double row of pyrites burners 
A, having a eommon rear-wall a, are provided with transverse 
walls b, extending almost to the roof-arch, and supporting the 
pipes conveying the purified gases to the contact retorts c, which 
may be enclosed in a suitable furnace B. llie pipes may be of 
iron, D, arranged parallel to the dividing-wall. The cooled gases 
from the main C enter the purifier D', and in their cooled con¬ 
dition pass into the pipe B, from which they are forced or drawn 
by a blower or exhauster through the two branches of D. This 
subdivision is made because of possible irregularities of firing on 
the two sides of the furaace-bench. In passing through the 
branches of D the purified gasps absorb heat from the unpurified 
gases passing outside the pipes, and then pass into a main E, 
eovered with asbestos, leading to the eontact retorts c. 

In the modification shown ih Fig. 102 the unpurified furnace 
gas passes from the flue P into a series of tubes h in the same man¬ 
ner as in the fire-box of a locomotive, these tubes being carried 
by end-plates i, forming with the walls of the structure 6 an en¬ 
closed system, into which leads the inlet-pipe m, conveying the 
purified gases under pressure from the purifier. An exit pipe n 
conveys the purified gases after they have been reheated by con¬ 
tact with the exterior walls of the tubes h to the contact retorts, 
while the unpurified gases after giving up the corresponding 


1 M. Schroeder, assignor to N. J. Zinc Co., U. S. P. 742502, 1903; 
abst. J. S. C. I. 1903, 22, 1243; Chem. Zt». l604. 3, 244, 291; J. A. C. S. 1904, 
28R, 2.33; Mon. Sci. 1904, Gl, 31. 
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quantity of heat to the purified gases pa^s on through tlie flue H 
to the purifier. ^ 

In the apparatus shown in Fig. 103 the unpurificd furnace 
gases pass upwards through the vertical shaft I on their way to 
the purifier and give up their heat to the purified gases which, 
entering under pressure through the pipe p, pass into the vertical 
conduit r, from which in a highly heated condition they proceed 
to the contact retorts. The shaft f may, if desired, contain a 
loose filling of firebrick or other heat storing material, and a sup¬ 
plementary furnace S may also be used to .supply a further amount 
of heat. 

A subsequent patent* describes the arrangement of the con¬ 
tact apparatus with gas-mixers and jireheaters. In Fig. 104 the 
receptacle containing the contact mass g is divided into a number 
of separate compartments by partitions a, with openings b, through 
which the gases pass to the exit pipe h. A grating c is placed 
above each partition, on which the contact mass is placed. The 
temperatures are measured in the \arious compartments by 
pyrometers k. In starting up the reaction, a fire ma^- be put 
upon the grate f; it is not necessary to preheat the gases above 
20()°-280° before entering the contact mass. The vessel con¬ 
taining the contact mass may be divided iqi into separate com¬ 
partments, it being in all cases immaterial whether the gases pass 
up or down through the contact mass. 

As regards the initial purification of the gases, it is stated" 
that towers of large diameter filled with coke and sprayed with 
sulfuric acid have in most cases been found sufficient. In the 


United vStates the asbestos filters of (',. Stone’ are also used. 
The question of impurities has been discussed by this inventor,* 
who points out that in cases where sulfur or blende are used in¬ 
stead of pyrites, the problem is different from that dealt with by 
the Badische Co., since arsenic is not usually present in appre¬ 
ciable amounts. With blende, the main impurities arc fluorine, 
which forms a layer of silica on the contact mass, owing to the 
presence of silicon fluoride in the gases, and chlorine, either free 

1. M. Schroeder, assignor to N. J. Zinc Co., U. S. P. 
abst. J. A. C. S. 11)06, 28R, 80; Mon. Sci. 1006. 65, 10. 

2. J. S, C, 1. 1908, 22, 348; abst. Jalir. Clicin. 190.1, 56,^347 

3. U. vS. P. 711187; abst. Chcni. Zts. 1903, 2, 15S, 2/4; Clicm, Zlg. 

190-,^ , jOOl.c ^ 22 ^ Chem. 190.3, 56, 347, 
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or as hydrochloric acid. ’ The latter impuritiesj have only a tem¬ 
porary effect, which di^ppears when pure gases are used. In 
regeneratii^ the contact masses they are spread on a cement 
floor, sprinkled with a mixture, of dilute nitric and hydrochloric 
acids containing sugar, mixed to a stiff pasto^ allowed to stand 
a couple of days, heated to drive off water and excess of acid, 
cooled and crushed, and are then ready for use. 

In the Schroeder plants actually used. Stone states they con¬ 
sist of the following parts; 

1. A dust-catcher next to the burners. 

2. A cooler, in which the gases are reduced to the atmospheric 
temperature. 

3. Scrubbers or washing towers of different kinds, depending 
on the character of the gas, wliich also serve to dry the latter. 

4. Filters, which are the most important part of the purifying 
system, and remove most of the arsenic, selenium, and other vol¬ 
atile impftrities. 

5. Preheaters, through which the gases are forced from the 
filters by a positive blow'cr, and heated to 3f)()°-100°. 

C. The converters. 

7. The coolers, in which the converted gas is cooled to 00°. 

S. The absorbing tanks and towers, in which the gas is 
brought in contact with a large surface of moderately cool acid. 
Acid up to 40% SO3 may be made directly in the absorbers. 

The average conversion is stated to be about OO'Jo which is 
yearly independent of the content of h in the burner gases, 
and there is very little time lost in stoppages. 

An account of the experimental investigations of the process 
has been given by C. Reese,' the following being tlie main 
results; 

1. The purified burner gas may be saturated with moisture 
before passing to the converters without affecting the conversion 
in any way. 

2. Carbon dioxide and monoxide have no deleterious effect 
on the conversion. 

3. The presence of free sulfur in the gas has no deleterious 
effect. 

4. Hydrochloric acid, chlorine, silicon tetrafluoride, arsenic 

1. J. S. C. T. 19tW, 22, 351; abst, Jahr. Chem. Ill0.'i, 56, :W. 
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and lead are prejudicial to the process, and act apparently in two 
ways: (a) by their mere presence in the gas, hydrochloric acid, 
chlorine and silicon tetrafluoride; (b) by affecting the activity of 
the contact mass, lead, arsenic. 

The effect witn the substances of class (a) is temporary, that 
of class (b) permanent. The fine mist of sulfuric acid contained 
in imperfectly filtered gases carries with it arsenic, lead sulfate, 
sulfur and selenium. If these are removed by filtration, so that 
the gas is optically pure, contact mass lasts indefinitely. 

According to Reese, the optimum temperature of operation 
is 42o°, but there is little variation in the results obtained between 
100 ° and 425°. The reaction commences at ;i2()°-240°. 

An account of the Schroeder jilant erected at the U. S. Naval 
Proving Ground at Indian Head has been given by G. Patterson 
and L. Cheney.' The plant was erected in 1907, and designed by 
the New Jersey Zinc Co., which controls the Schroeder patents 
in the United .States. More recently it has used Louisiana brim¬ 


stone. 

A Tromblee and Pauli burner (p. 1064), consuming GOOD lbs. 
S per day is used, and the gases passed through a brick dust- 
catcher of the usual type. The e.xit from this has a temperature 
of 220°, and enters the purification system. This is made up as 
follows: 

First the gases pass through 250 ft. of horizontal lead piper 
arranged in tiers in a wooden rack, where a small quantity of 
weak sulfuric acid is deposited. The pipe connects with a lead- 
lined bo.x filled with coke, where more acid is condensed. From 
this the gas passes to two wet scrubbers in tandem, each consist¬ 
ing of a vertical lead cylinder with a conical top, about 4 ft. high, 
a lead pot provided with lead cooling coils for water, and an air¬ 
lift for con.stantly circulating a stream of sulfuric acid from the 
pot to the scrubber, which is divided horizontally by perforated 
diaphragms. The acid thoroughly washes and dries the gas, and 
flows out through a trapped pipe to the pot, holding 2500 lbs. of 
acid, which is constantly strengthened to gravity 1.75 by addition 
of strong acid. The excess acid formed is collected in an egg and 


1. Eighth Inti. Cong. Appl. Chem. 1912, 2 , 21.5. J. Ind. Eng. 

1912, 4 , 723; abst. I--S- C. I. 1912, 31 , 1028. See ab" R- 

Trade J. 1919, 64 , 409; ab.st. C. A. 1919, 13 , 1745; J. S. C. I. 1919, 38 , 3GJ-R. 
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can be forced by air pressure to the weak acid supply used in the 
absorption system. 

From the scrubbers the gas passes t# a second lead-lined 
box exactly like the first one, and then to a pair of dry filters in 
parallel, each consisting of three superimposed lead-lined iron 
trays luted together, each tray containing a mat of dry asbestos 
fiber supporting a quantity of slag wool. A reserve set of filters 
is provided. The charge for the two filters is 30 lbs. a.sbestos 
and 401) lbs. slag wool. Beyond this point the gas is conducted 
through cast or wrought iron entirely. 

The filter house contains a positive pressure blower, with a 
suction of 1mercury before, and a pre.ssure of 0.75" after. The 
gas sampling tube is placed before the blower. The gas next 
passes to the preheaters, consisting of a series of vertical U-tubes 
and headers heated in a furnace with soft coal to an initial tem- 
jjerature of 31f>0°. 

The converter is erected close to the preheater, and com¬ 
prizes a vertical cast-iron cylinder (i ft. diameter and K'/'s ft. high, 
composed of 5 horizontal sections, each containing a wire mesh 
tray for supporting the contact mass, and a baffle to spread the 
gas. 

The contact mass consists of anhydrous magnesium sulfate 
containing 0.2% platinum, a total of 5!)()(} lbs. of mass, spread in 
coarse granules on the trays to a depth of 14-10 in., leaving 0 
in. spaces, being used. The gas enters at the bottom and leaves 
at the top, the temperature being controlled by pyrometers. 

From the converter the gas passes through ISO ft. of iron 
pipe to the absorbers, consisting of a tower absorljcr, an acid 
cooling pipe, a weak acid mixer and re.servoir, a head tank for 
strong acid, an acid pump, and collecting tank. The tower is a 
vertical cast iron cylinder 15 ','2 ft. high resting on a cast iron base, 
the top being covered with a perforated plate from the center of 
which rises the gas exit pipe. The tower is lined with acid tile 
and packed with quartz. The gas enters at one side near the 
bottom, a constant stream of acid is pumped to the top plate, 
percolates through the packing, and leaves at the bottom to the 
cooling pipe. This is a horizontal water cooled U-tube, one leg 
of which carries an overflow pijje connecting with the pump and 
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collector. The acid supplied to the top of the tower is kept at 
70° and a strength of !)()..)% Il-ivSlh. The strength of the acid 
leaving the tower is reduced by the constant addition of a small 
stream of 7.')% H 2 S ()4 just before entering the cooler. 

'I'he reservoir for this weak acid, the mixer, and the strong 
acid head tank, are mounted on a platform in the center of the 
building at a sufficient height to give a flow by gravity. The 
reservoir is an open lead-lined box holding lOOO gallons, the mixer 
being a lead pot provided with lead cooling coils and a special 
mixing pipe, consisting of two heavy ^ 4 ” lead pipes set at a 30° 
angle and held together by a heavy lead sheath burnt on to a 
short length of I'/s" lead pipe. One of the pipes carries 
strong acid from the head tank and the other cold water from the 
mains. The I’- 2 " pipe carries the mixture to the pot. The head 
tank has a capacity of 18,000 lbs. strong acid. 

The conversions are the average consumption 

of coal being 21.8 lbs. per 100 lbs. SO 3 made. An entrance gas 
of 6..')%-7% SO 2 is used, the average production being a little 
more than 0 tons of acid per day. 

During the war the Schroeder process was extensively used, 
with very satisfactory results. The general arrangement of ap¬ 
paratus was in most ca.ses similar to that described by Patterson 
and Cheney, but on a much larger scale. .Some of the plants 
erected and operated in Great Britain, at Queen’s Kerry, naar 
Chester, and at Gretna, in Scotland, were the largest ever erected, 
and operated smoothly and economically. .4n account of^ the 
operations in these factories is given in two (iovernment Docu¬ 
ments entitled "Costs and Kfliciencics for H. M. Factories con¬ 
trolled by the Factories Branch, Department of Explosives Sup¬ 
ply, ” 19H). These reports also contain valuable information as 
to the concentration of acid. Comparisons with Canadian and 
American practice are recorded in the documents, from which it 
appears that on the whole the British plants were more efficient 
in operation.' 

A few details of the operation of a large Schroeder-Grillo 
plant are given below as a guide to what may be expected in 
similar plants, although the exact results naturally may vary 
somewhat with the size of the plant. The plant was producing 

I. .Sec J. S. C. I. 1019, 38 , 224; R. Curtis, J, -S. C. I. 1919, 38 , ;i(i9-R. 
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about 150 tons of sulfur trioxidc per week, sulfur being burnt.* 
It was found that about of the sulfur was burnt to SO 3 
in the hand-operated burners. Of the ^water drawn into the 
burners, the cooler required 4%, the first two filters 3S/J, and the 
scrubbors 44';,i , about 5'7r leaving the scrubbers. Of the SO .1 
formed in the burners 1 . 0 ' ^ is removed by the coolers and filters, 
O.S' f in the scrubbers, and 0.2.'l''o passes on. In the ab.sorption 
system, consisting of six towers, containing acid of strengths given, 
the following amounts of SCh were removed: 


Tower No. 

Acid in Tower 
'illiSO, 

% Absorption 

1 

1,5-I.SfreeSOj 

6" 

2 

!)9 

27.6 

3 

08.1 

5.4 

4 

1.5-18 free SO 3 

73.5 

. 5 

99 

21.1 

6 

98.1 

5.4 


The best temperature of absorption was found to be 7.5°- 
85° for the inlet gases. 'I'he acid in No. .3 tank (OS' ^) .should be 
kept below 40°, as a rise to 15° cau.ses a marked drop in clficieney. 
The composition of the burner gas must remain as constant as 
possible, as fluctuations cause lower cfticiencics, probably because 
of the changes of temperature in the contact mass. 

Grille Process at Queen’s Ferry. From the exliaustive re¬ 
port of V. Gloag and J. Riley, the following data is rcoroduced 
in respect to the installation of the system in England (see p. 
1161). The SO;, required to replace the los.scs in the working of 
the Ucid cycle, is produced at Queen’s Ferry by both the Grillo 
and by the Mannheim Processes, the latter being erected first, 
but it has only served in a subsidiary capacity since the erection 
of the Grillo plant. 

The process, in brief, comprizes the ignition of sulfur in 
special burners, giving a mixture mainly of air and ,S 02 , which 
is cooled and dried, further air being admitted to adjust the partial 
pressure of the .SOj. The gas is then heated to the desired tem¬ 
perature by a regenerative method, and passed through con¬ 
verters, the S(J.i leaving the converters being cooled and absorbed 

1. Attention is directed to Experimental Reports Nos. 20, 23, 24, 20, 
27, 62, 56, 65, 103, 106, 107, 109. H. M. Factory, Gretna (Doriiock), which 
disciiss various phases of the oiwration and control of a successful Grillo 
Schroeder installation. ' 
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in towers by sulfuric aciil, yieldiuy a final acid of eitlier aliout 
98.0% H2SO4, or 20% oleum. ^ 

jTlic lay-out consists of ten independent units, which operate 
in three systems, and two sub systems, as follows: 

(a) A siiijTlc unit, on water feed and absolutely isolated from 
the remaining units, produces an oleum absolutely free from 
arsenic, which is utilized in the scrubbing towers of all units h>r 
thc drying of the vSOs-air mi.xturc. 

(b) Three units arc connected to the nitrocellulose acids 
cycle, and fed with acid from the ('.ileluist concentrators. 

(c) Six units run in conneeliou with the TNT acids cycle, 
being fed with feed acid from the t'.aillard towers. This system 
is divided into the two sub systems, (ij lour units producing 
9,s;.and (ii) two units producing 20', <ilenm. 

Sidjnr Stores. Of the two sulfur stores, the first (2.50' x (13' 

X 211 ' high) feeding six of the units, and the other (2.'.5' x .'iS' x 
29' high) serving the needs of lh<’ other four units. 'I'lie stores 
are of corrugated iron, the walls Ix'ing inclined on the “angle of 
re])ose’’ system, to render possible the utilization of the full 
capacity of the store, without any drossing of the sulfur, llic 
sulfur is discharged from trucks into a i)in, from which it is trans¬ 
ferred by a rubber belt-conveyer, running ahnig the entire length 
of the top of the building. An automatic tippler enables the 
sulfur to be disclnirged from the belt to any desired part of the 
store. The full capacities of both Imildings are 7(IUU and (151)0 
tons respectively. The sulfur is weighed out in this building Tn 
•scoops ready for charging, (sec Figs. 8.S, SO. |). KMiti), the maximum 
charge for one scoop being 10 lbs. The full scoops arc trucked 
to the burners by the burner girls as illustrated. 

Sulfur iUtruers. of which tweb’c comprize a unit (see. Fig. 
■Vf), consist of cast iron trays, each 7' 2" long, 3' 5 ’/»" wide and 
.5" deep. The sulfur is charged into the pan through a cast iron 
charging door, where, in the burner it is partly burned and partly 
volatilized, the products being drtnvn through an upcast, back 
over the arch above the cast iron tray, then passing up through 
a checker-work chamber to the main burner line to the 12 burners. 
This leads the gases to the end farthest from the heater-cooler 
where they pass through a cross-connecting fine into a back-flue 
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which conducts the gases directly to the large heater-cooler. 

In order to regulate the draught on the separator burners 
and thus control the temperature, each burner is connected to 
the main-back-flue by a small short-circuiting cross flue, 9" x 9". 
The air necessary for the complete combusjion of the sulfur is 
admitted in three places; 

(a) Through a slot in the charging door of the burner. 

(b) In the rear of the burner, through a .1* square opening 
leading from the hot air flue situated in the main body of the 
burner, immediately below the back flue. 

(c) Through a slide in the front of the burner, immediately 
above the burner door. This air mixes with the gases imme¬ 
diately before their admittance to the checker-work combustion 
chamber. 

The normal charge of 7.") lbs. per burner per hour, or 9.04 
long tons per unic per 24 hours, gives a maximum efficiency. 
The burners have been proven experimentally capable of burn¬ 
ing 100 lbs. per hour. 

Operation of the Burners. Two burners are charged each ten 
minutes. Thus Nos. 1 and 7 are charged on the hour. Nos. 2 
and S at ten minutes after the hour, and so on, each burner being 
charged hourly, and the draught regulated so as to extend the 
burning of the charge throughout the full period. The relation 
between the control of the burners and the efficiency of the con¬ 
verters is very close, a discontinuous method of charging inevit¬ 
ably resulting in fluctuation in the composition of the burner 
gases, but with care the variation in gas composition can be 
reduced to less than 0.4% at the converters. The gas composi¬ 
tion stipulated at the entrance to the converters is 4.8 =fc 0.2% 
SO2. 

With S containing 2% ash, it is necessary to clean out the 
burners every three or four days. After cleaning, the stilfur bums 
off much more rapidly, thus increasing the danger of sublimation, 
particularly when working to a high percentage of SO 2 in the burner 
gases. To overcome this tendency, and reduce the rate of com¬ 
bustion, about of ash is always retained in the burners. 

To work regeneratively on 7o-lb. charges, a temperature of 800° 
is required in the flue entering the heater-cooler. This is easily 
guaranteed by maintaining a gas from the burners with about 
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an eleven to about twelve per ecnl. sulfur dioxide eoiitent. 

IJcatcr-Coolcr. The burner gases pass t(j the heater-cooler 
tlirougfi a short lagged Hue, from which an IS" dampered con¬ 
nection permits the by-passing of all gas direct to the stack, in 
case of necessity. ‘I'he heater-ciMiler consists of a brick chamber 
2.‘5' ()" long X IS' wide, divided into two compartments contain¬ 
ing altogether b rows of .7" U-pipes, S in a row. The hot burner 
gases circulate round these and heat transference takes place to 
the pure .o';;, S>(h gas passing through the U-pipes. These gases 
enter the heater-cooler at about SlIO'’, and is.suc at alxait :?hl)°. 

Experience has indicated that the total cross-section of the 
U-pipes is too .small, with the result that, when high charges are 
being worked, the resistance to the flow of gases is unworkably 
high, as shown by the following table; 

noil). soil). 10(111). 

IVessiire entering tt. C. 41..')" W. (1. 7S" W. C,. 102" \V. C.. 

Pressure lea\ iiig H. C. 10.7" 4.S" .)! 2' 

The only satisfactory remedy appears to increase the num¬ 
ber of U-iiipes, and so increase the cross-section, and thereby 
diminish the resistance. Constructed as above outlined, cliarges 
greater than 7.’) lbs. per burner-hour would only be rendered 
possible by' permitting the SOj content of the gas entering the 
converters to exceed o'/i. 

SO-i Coolers. I'hese reduce the gases leaving the heater- 
cooler to atmospheric temperature, the coolers as a whole con¬ 
sisting of two sejiarate cooling systems of lead cooling pipes 
arranged in parallel, and constructed right and left handed re- 
s])ectively. Kach system consists of twenty '20' diameter vertical 
leafl pipes connected by headers, the total cooling surface being 
4200 sq. ft. Cooling is acc'omplished by water run over the 
coolers from sprinklers or distributors, the lower bends being 
totally immersed in water. 'I'lie gases enter the coolers at 200 , 
and leave it at a maximum temperature of 20"'. 

The ga.se,s enter each cooler through two cast-iron pipes 2(') 
diameter, lined with 2" acid-proof joggle-jointed tiles. A 1" 
drain-pipe from the bottom of each lower bend leads the acid 
which condenses into a lead catch-pit, from which it is elevated 
to the weak acid storage tanks, for despatch with the weak 
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scrubber sulfuric aci(^ directly to the concentrating plant. 

Purification System consists of 5 coke-packed filters and 3 
similar scrubbing towers. The cool gases first pass through two 
filters, passing from top to bottom of the first, and in the reverse 
direction in the second. The direction of flow in the first filter 
ensures that any sublimed sulfur will be trapped on top of the coke 
bed, from which it can be cleared by raking. 

The gas then passes through the weak scrubber over which 
55%-(i0% acid is circulated to absorb the halogens. Between 
the first and second scrubbers, the necessary air is admitted to 
dilute the gas down to the nece.ssary 5% SO 2 content. It then 
passes tlirough the remaining scrubbers over which 75%-80% 
acid and 93% -95';'(; acid respectively is circulated, and finally 
through the last three filters, passing in each case from bottom 
to top. Wliere the air is introducefl as described above between 
the first an<i second scrubbers, there is an enormous decrease in 
trouble from mist. 

Filters. These arc all 30' x 12' x 10', made of 8-lb. lead, 
and packed with coke, resting on a brick grid to within 18''-20'' 
of the top. The size of tiic individual pieces is reduced in steps 
from 4' to ^/J'. An arrangement is fitted to permit of the spray¬ 
ing of the acid into the scrubber if necessary, the precipitated 
acid being drained off to the weak acid storage tanks. All con¬ 
nections between filters and scnibbers are 30" diameter. 

Scrubbers are 20' x 12' x 12', lined with acid-proof bricks and 
packed with coke resting on a brick-work grid. Acid of the 
strengths previously mentioned are circulated by means of a 10" 
Rees Roturbo pump, shifting approximately 20 tons per hour. 
The circulation tanks are 10' X 2' 6" X 3' 0" and the feed tanks 
7' X 4' 0" X 3' 0", both being of 12-lb. lead. The acid is fed to 
each tower from the feed tanks through 72 luted distributors, 
and after jjercolating through the packing, is run off at the base 
through a seal, cooler and settling tank into the circulation tank. 
The neces.sary fresh acid is fed to the scrubbers through the “ 
cooler on No. 3 tower. On 7.1-Ib. charges, the total time of pas¬ 
sage of the gases through the scrubbing system is 2.73 minutes. 

The following generalities have been found to apply: 

(a) 'the packing of the filters should approximate to the 
following: 24" of 4"-C" coke. 12" of 4", 12" of, 2", 4" of 1", and 
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48" of ‘A"-Vi 6 " coke, the latter being free from dust. 

(b) With a SO 2 content of 12% in tiie burner gases and air 
admitted after the first scrubbing tower, the (quantity of mist 
eliminated after the purification system has been much greater 
than when this air was admitted at the coolers. 

(c) The weak scrubber acid must be maintained in the 
region of 55% II 2 VSO 4 in order to effectively absorb the halogens, 
but in order to prevent the weak scrubber acid from becoming 
saturated and stale, a suitable cpiantity of weak acid is run off 
daily, .‘iO cu. ft. of fresh oleum added to each strong acid scrub¬ 
bing tower, the weak scrubber being kept at 55% by the addition 
of 000 lbs. water. 

(d) Strong mists are deposited more readily than weak mists, 
the tendency being to deposit the SO 3 II 2 O and vS 032 II;() hydrates. 

Pressure Equaliser. The gases pass from the purification 
system through a 30" mild steel pipe to the pressure equalizer, 
which is a mild steel shell five feet in diameter and tfiree feet 
deep, fitted with 3 diaphragm jilates with '// holes, ’'// from 
center to center. These having proven insufficient to reduce the 
vibration on No. 5 filter, all pressure equaliz(>rs were re-fitted with 
0 plates each, lead covered, with the e.xccption of one-fourth of 
its area. 

The pressure equalizer functionates as a mist catcher, and 
between 20 and 50 lbs. acid are deposited per day, the amount 
varying with the atmospheric humidity. After leaving the pres¬ 
sure eejualizer, the gases pass through a 2 ' diameter mild steel pipe, 
to the Roots blower, which is capable of handling 27 cu. ft. of 
gas per revolution, which at 150 r. p. m. is equivalent to 6 V 2 
million cu. ft. per day. The blower is driven by a 00 h.p. motof. 
A 100 h. p. blower is not recommended, on account of the seriou3 
resistance offered by the heater-cooler before mentioned. 

Crease Catcher. The gases pass to this from the blower 
through an 18" pipe. The grease catcher is a mild steel shell, 
8 ' diameter by 30' long, packed with graded coke. The gases 
enter from below, passing through a grid and thence on through 
the coke, thus precipitating the final traces of mist. Ihe acid 
precipitated is run off through the acid seal. 

Heat Exchangers. Tlie gases are delivered from the grease 
catcher through a 15" diameter pipe into two 10 diameter pipes 
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leading to two heat exchangers, where they are heated at the 
expense of the gases lea'ving the converters. 

Eadi heat exchanger is a mild steel shell, 10' long j. 4' 2" 
inside diameter. The gases pass through a series of 2‘/»" steel 
tubes S' 4" long (104 in all) which arc fitted inside the shell, being 
heated from the gases of the converter which pass outside the 
tubes, being given the necessary turbulation by means of two 
baffle-plates. The heat exchangers arc considered very efficient, 
400 C. H. U.’s per hour being exchanged per sq. ft of surface. 

The gases leave the heat exchangers by 10" exits, jointing into 
a single l.j" pipe, and pass to the heater cooler as previously de¬ 
scribed, for further heating prior to admission to the converters. 

Pre-healers. If the unit is not running regeneratively, i. e., 
if the charge is below 00 lbs., the gases require heat to supple¬ 
ment that gained in the heat exchangers and heater-cooler. This 
is supplied by the pre-heaters, of which there are two per unit. 

Each pre-heater is coal-fired in tw'o fire-grates, 4' 0" x 2' 0", 
the burned gases passing into a common chamber, 10' 0" wide x 
S' 2’/V' long X 2' 4" high, and thence into two heating chambers, 
each 20' 0" long x 0' 0" wade x 12' 7', a" high, and containing 24 
cast-iron U-pipes in .series, through which pass the gases from 
the heat exchangers. 'I'he waste gases pass through 4 flues 2' 
square to the 4' x 0.)' stack. 

Converters. Two converters per unit are provided, each con¬ 
taining 10,000 lbs. of mass with a 0.2';(, platinum content, h'or 
< each unit there are, therefore, 20,000 lbs. ma,ss, or 00 lbs. platinum. 
Each converter consists of an outer shell 7' 4" in, diameter by 
12' 8" high, closed at the bottom by a dished plate, fitted with a 
10" diameter outlet. 

The inner shell is arranged to receive four separate layers 
of contact mass, each weighing 2.")00 lbs. and spaced at intervals 
of 2' 11'/•>"• The mass is carried on .’/ in" perforated plates, and 
S'// below' each plate is attached a cast iron baffle plate of 5' 8" 
diameter, thus leaving an annular space of y" between the edge 
of the plate and the sides of the inner shell. 'I'lie baffles serve to 
divert the gases after each contact, to the walls of the shell, thus 
securing the desirable heat exchange between the inner and outer 
gases. 

The hot dry SOj air mixture enters the outer shell tangentially. 
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at the base, tlirouKb 10 " diain. inlcl pipes and is c-oiiipflU-d by 
baffles to circulate spirally in the s])ace ix-tween the two shells, 
bciiiK Jicatcd at the expense of the ^;ases inside the inner shell. 
Having arrived at the top of the inner shell, the gases pass down 
wards lirst through a layer of un])latiuized mass, and then in 
turn being heated on account of the heat conversion as each con¬ 
tact mass is passed through and cooled as tlie corresponding 
baffle plate conipels circulation along the sides of the shell, 
h'inally the gases pass through the 10 " outlet to the heat excliang- 
ers as already described and thence to the SO 3 coolers. 

Conversion, 'riic essential condition for good conversion, i. e., 
!)(’/ r 07' (, are briefly: 

(a) Careful separation of linrners and supplementary inlet 
to obtain a steady com|)osition ( I.S ( 1 . 2 ' ,S( t) of the gas enter¬ 

ing the converters. 

I'b) Hfficienev in the purilication svstem. 

(c) The maintenance of low temperatures in the converters, 
no temperature to exceed 1N()“, 

(d) The exit temperature of the gasi's leaving the converters 
should be about 410°. 

(e) All temperatures should be kepit steady. 'I'lie temper¬ 
ature at which conversion commences is a function of the \'elocity 
of the gases, as it is shown in the following table: 


vSiilfiir Charge 

7."> lbs. 

70 lbs. 

SO lbs. 


\’elocity of (bises 
Ft. per vSeC. 

4 .0 
S.O 
0 13 


Temp at wiiieh 
Cftiiversioii Starts 
otlO '1>70 
;470 ;^S() 

:4‘io 100 


'I'lie converter temjx'raturc must be carefully watched, so 
that an even distribution of load is obtaineil, the maximum tern 
peratnre at any point being ISO" and the exit temperature within 
10° of 410°. Temporary poisoning of the contact mass - such 
as due to the halogens—has the same cITect as increasing the 
velocity (jf the gases, in that a higher temperature is reejuired to 
start conversion, if it can be raised (|uickly, temporary poisoning 
can l)e overcome, otherwise poison must be removed by roasting 
the mass for about 4 hours with air at l.i0°. 

SC:, Coolers. The gases pass from the heat exchangers, through 
10" mild steel pipes, to two separate SO.i coolers, each of which 
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consists of 8 sets of horizontal 6 * U-pipes in parallel, arranged 
vertically one above thf. other, the total length of each U-pipe 
being 60 ft., the cooling surface for each SO 3 cooler is thi^s 840 
sq. ft. or 1680 sq. ft. for each unit, neglecting the 10 " headers 
and branches. The gases pass from the coolers to the absorption 
system. The SO 3 coolers can be operated either as air coolers or 
water coolers. Air cooling is preferable, cooling with cold water 
causing local cooling of the SO 3 and leading to polymerization 
and hence bad absorption. The difficulties to be encountered are 
therefore: 

(a) In summer high charges necessitate water cooling, re¬ 
sulting in poor absorption, the only remedy being the increase of 
cooling surface. 

(b) In winter if low charges become necessary, the danger of 
freezing the SO3, even with air cooling, necessitates a substantial 
reduction in the existing cooling surface. 

Absorption System. This is arranged in two parallel series of 
3 towers of mild steel towers, 6 ' in diam. and 24' high, lined with 
acid-proof tile and packed with quartz, carried on an iron grid. 
The gases pass through each tower from bottom to top, and after 
leaving the last tower, make their exit to the atmosphere. Each 
tower is provided with a circulating acid tank, lined with acid- 
proof brick. The acid is circulated round the towers by means 
of Rees Roturbo centrifugal pmnps, throwing the necessary ton¬ 
nage to secure complete absorption. 

, (a) go. 5 % Units. Feed acid from the concentrator is fed 

into the acid leaving the absorption towers at such a rate as to 
maintain a constant strength of 1)8.5% in the circulating tanks, 
the acid passing down all the towers in parallel, after leaving 
which, it passes through a common 6 " cast iron cooler back to 
circulation, the material being continuously run off to a stock 
tank and pumped to storage. 

(b) Oleum. The circulation is worked in two systems, one 
with 98.5% acid and the other with 20%-21% oleum, a cast 
iron cooler being fitted on the first and a mild steel cooler on the 
second, the feed acid being so regulated as to ensure a constant 
run-off of 20 %- 21 % oleum. 

Acid Coolers. All units are provided with cast iron coolers 
for the 98.5% sulfuric acid. ITiese are approximately 600' long 
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X 6" internal diam. The oleum units arcjirovided with additional 
oleurn coolers of 5" steel pipe 500' long. 

Preparation of Contact Mass for Grillo Plant. The mag¬ 
nesium sulfate crystals are first calcined in flat iron pans, 5' x 
2' 9" X 3" deep, giving a cake after baking, containing about 14% 
moisture. This is passed through a vSturtevant crusher, set for 
the finest product, and ground to dust (1st dust) in a Devil dis¬ 
integrator, mixed with water on a hot pan of the same dimensions 
as the first, and rebaked or recalcined. The second cake is 
passed through a Sturtevant crusher, set for the coarsest product, 
and then run through a rotating trommel screen and graded as 
follows: (a) Dust under Vi"; ('>) Mass from '■ji to V 2 ": (c) 
Oversize over '/a"- The mass (b) is then stored ready for plat¬ 
inizing while grades (a) and (c) are passed through the disin¬ 
tegrator, for the formation of dust for rebaking. 

The finished mass contains slightly over 9% of water, and 
should be hard, resembling pumice-stone in its tenacity, and leav¬ 
ing a vitreous fracture. A good test for the hardness of the mass 
is obtained by rubbing two pieces together. Good mass will 
resist the friction and pressure, only giving a little surface dust 
and tending to become polished. It is extremely important that 
the mass should not be friable, as this will result in disintegTation 
when the mass is introduced into the converter, which will prob¬ 
ably lead to loss of platinum, as well as causing increased resist¬ 
ance to the passage of the gases through the converters. , 

Production of First Cake. The following summarizes the es¬ 
sentials for the production of a satisfactory cake: 

(a) The purest crystals only should be used, otherwise a 
porous cake results. 

(b) As soon as the contents of the pan have become solid, 
it must be frequently rubbed over to secure a compact mass. 

(c) The normal time of baking is about 7 hours, but pro¬ 
longed heating does not effect the cake adversely. 

(d) The normal charge per pan is 2 cwts. 

(e) The dust must be as fine as possible, smooth to the 
touch, and free from unreduced grits. • 

Production of Second Cake: 

(a) This should be made from equal proportions of the first 
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and sfcond dusl, which should be uniformly and thoroughly mixed. 

(b) charge per pan equals 110 lbs. of dust mixed into a 
thick cream with about O' 2 gals, water. I'liis gives a cake 1.1"- 
l.;j" thick. 

(c) The mixing with rakes must be very thorough. 

(d) The initial temperature of the pan must be such as to 
cause the mixture to boil freely but not vigorously. If this con¬ 
dition is secured, and the mixing is carried out properly, the cake 
dries out quickly without explosions. 

(e) The cake must be evenly dried out and baked and should 
be tested for hardness before being removed from pan. 

(f) Each cake should be tested individually after removal 
and cooling, and if not a g(K)d sample, reduced to dust for recaking. 

(g) The cake must he absolutely cold before crushing, if the 
maximum yield of the correct size is to be obtained. 

(h) The mass for platinizing should not be ground for '2 or 
.'5 days, as a good sample of cake becmnes harder on storage. 
Bad mass, on the contrary, deteriorates. 

Platiiiiziiifi. The mass is first carefully riddled ocer 1 " 
mesh to free from dust, and is then placed in pottery trays, on 
rubber mats, in lots of 2(1(1 lbs. This with a (I' ^-It)':; water con¬ 
tent, is equivalent to ISO lbs. MgSO». The amount of platinum 
chloride required to give a ().:{' v platinum content, is then weighed 
out and dissolved in about 2 ' 4 gals, of water. 'I'his is evenly 
sprayed over the mass, which is continually raked over to expose 
a fresh surface. A glass spray is used, and the head to produce 
spraying is secured by raising the solution container to the neces- 
sa»y height by means of pulleys. Heat is evolved during spray¬ 
ing, and after all the solution has been disposed of, the mass is 
allowed to remain for at least S hrs. before being removed to the 
converters. 

Mannheim Oleum Plant. This ])lant at Queen’s h'erry, con¬ 
sists of 10 independent units, S being equipped with 12 lump 
burners each, the remaining 2 having 2 Herreschoff lines mechan¬ 
ical burners, and 2 lump burners each. 

Pyrite Crushers. The pyrites is received in lump form, and 
is stored in the pyrites shed until required for use. It is then 
loaded by hand into bogies which are pushed along the track to 
the crusher, being finally drawn up to the crqsher level by a 
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motor driven rope haulage an;l tiijped ou^to the fee-“d of the Blake 
jaw yusher. The joggle plates ari’ iiitelied so as to gi\i' the 
maximum amount of ore at the si/.e (2" 2' 2') required for the 
lump burners. After crushing the ore is delivered to a rubber belt 
conveyed to a rotary trommel screen, where it is graded as follows: 
(a) Fines for export or use on llerresliolT Inirners. (b) Mid 
dlings - to rolls, (c) bumps for lump burners. The lumps and 
tines are trucked to storage or burners, while the middlings are 
passed through a roll crusher :uid crushed to hues, passing again 
to the belt conveyor for screening. 'I'he capacity of the plant 
has been redesigned, but owing to the shutting down of the 
plant, the necessary reconstruction has not Ireen put in hand. 

Hunters. About (i tons of ore per day are fed to each unit, 
'bhe lump burners are of the ordinary type, with a hearth area 
of 21.1 S(|. ft. or 2.',(i..S s([. ft. in all per unit. 'I'hev are built in 
sets of ti, the brick-work being sheatherl in sti'el casings, which 
also encloses along witli the burners Hie two oxide shafts, the 
platinum shafts and the forewarmer pipes. 'I'he burners are 
charged c. erv tl hours, at intervals of 2 hours, and dro|iped twice 
a day, iti order to seettre a uniform percentage of St b in the burner 
gas. 'I'he operation of the burners has been the weakest spot in 
tfie working of the Oueen’s h'errv plant. A lb" bed was the nor 
mal iiractice originallv. 'I'his depth was increased experimentally 
to 2b", but it is dilhettlt to decide as regards the relative advantages 
of the two practices as, since only one ttnit has been running, 
equally good resitlts have been obtainetl with both methods. 

.hr Prying 'I'oieers. 'The air for the combtistiou of the 
pyrites is forced, by means of a Sturtevant fati, tlirough 2 lead 
(Irving towers in series, wliich serve two units. 'The towers are 
I.S' X ti'' ,T by I" and 12' x t,-' x 4" respectively, lirick 
lined and packed w'ith 2" I" coke supported on a brick work grid 
iib" from the base, bl'j sulftiric acid is circulatt'd over these 
towers by nieatis of a Kynock centrifitgal ptimii. 1 pump feeding 
•'1 drvitig towers, and a second feeding the drying systems of the 
other two pairs of units. 'The circulation acid is kept at 1)4', by 
a constant inflow^ of bS' , acid, and a constant outllow of b l',, 
the latter acid being utilized as feed for the unit. 'Ihe elTiciency 
of the air drying system on this practice is ti.',*', - bb* ,. \ slight 

positive pressure ys maintained at the burners liy means of a main 
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damper on the air fan outlet, and also by regulation of the dampers 
on the individual burners. , 

Oxide Shafts. There arc two oxide shafts to each battery of 
six burners, i. e., 4 per unit, each shaft consists of a sq. steel 
brick lined, chamber 22 sq. ft. in internal cross section, and meas¬ 
uring 10 ft. from the base of the cn)wu of the arch through which 
the gases pass to the forewarmer. The shaft is filled with 2" 
burnt oxide specially picked and screened for this purpose. Each 
day 2 cwts. fresh oxide is fed into each .shaft through a sealed 
hopper, and an cqui^•alcnt amount shaken out of each at the bot¬ 
tom through the movable bars. About 40'/{,--.5()% conversion 
takes place in the oxide shafts if they are properly operated. The 
gases pass from the oxide shafts to the forewarmer chambers (see 
later), where they are cooled by the gases going to the super¬ 
heaters for the platinum shaft, and pass then to the oxide shaft 
coolers through 10" diameter pipes. 

Oxide Shafts Coolers. There are 3 oxide shafts coolers per 
unit of 12 buniers. These are. mild .steel cylinders 3' 7" in diameter 
X 16' .7" high, flanged at the bottom and fitted to a cast iron base 
with acid and sludge outlet connections. Each cooler is fitted 
with 4 baffle plates placed at 3' 2" intervals, the gases passing 
first through 2 in parallel, both being connected to the third 
cooler. 

Oxide .Absorption Towers. The gases pass from the coolers 
,to the 2 oxide absorption towers. Each consists of a mild steel 
shell. S' in diameter x 24' high, lined with acid proof tiles. 'lEe 
packing is of quartz carried on an iron grid from the base of the 
towers. Acid is circulated over the towers by Kynock centrifugal 
_pumps. The gases are drawn through the absorption towers by 
a 12" Kynock fan belt driven from a 10 h. p. motor at about 
1700 r. p. m. 'I'he mist deposited at the fan is collected through 
a seal into the waste acid tank, the contents of which are period¬ 
ically pumped to the 'I'NT acid system. 

Acid Catchers, 'i'he gases from the main fan are forced 
through 4 acid catchers in parallel. 'I'hcse are mild steel tanks 
11' 6" x 6' 0" X 4' 1", and are packed with graded quartz on a 
steel bar grid as follows: 4" of 4" quartz; 6" of 3" to ’/g" quartz; 
20" of V 4 " to Vio” quartz. 'Hie gases pass from the bottom to 
the top, the acid deposited being drained away through lutes and 
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passing to the waste acid tanks. The volume of the gas is then 
divided into two, half passing through each set of filters in parallel. 

Filters are of the same design as the acid eateliers, Imt arc 
filled with basic slag, the gradings for which are the same as for 
the quartz on the acid catchers, with the addition of a 3 " layer 
of lime a.sbestos at the top. The filtering ami scrubbing system 
on a Mannheim unit is very inadequate, the gases often reaching 
as high a figure as 0.095 grain per cu. meter. 

Heat Exchanger or Preheater, 'fhe gases from each set of 
the filters then pass through a 12 " main to a heat e.xchanger, where 
they are heated up at the expense of the hot gases leaving the 
platinum shaft. Each heat exchanger consists of a mild steel 
cylinder 4' in diameter x 16' 10" long, containing a battery of 
104— 2 ^/ 4 " steel tubes built on lines similar to the heat exchanger 
on the Grillo plant. The gases leave the heat exchangers at 
about 220°-240°, efficiency being approximately <S7' ,', and the 
rate of heat transference is 100 C. II. U.’s ])er sep ft. Iier hour. 

Forewarmer. The gases then pass to the forewarmer, where 
a further heat transference takes place at the expense of the hot 
gases leaving the oxide shaft. I'he forewarmer consists of a 
scries of 12 horizontal pipes, 10 " diam. x VP,'-/ long, arranged 
in 2 parallel sets of 6 pipes each, leading into a common header 
to the superheater. The pipes are arranged over the arch of the 
two oxide shafts and the gases leave the forewarmer at a tem¬ 
perature of about 270°. The efficiency of the forewarmer is 
about 87% with a heat transference of l.lo C. II. U.’s per sq. ft. 
per hour. * 

Superheater. The gases then pass to the coke-fired super¬ 
heater, where they are heated to the 4S0° necessary for effective 
conversion in the platinum shaft. 'I'he siqierheater consists of 
3 series of two vertical pipes, each being 11‘, 2 ' long x 10" diam! 
Its efficiency is very low—just under 10 %. 

Platinum Shafts. These are 2 per unit, situated between 
each pair of oxide shafts, each consisting of .3 ovens 1' deep, by 
4 ^/ 4 ' X 2' 3", into each of which is placed a set of II) platinized 
mats, supported between wire gauzes, the whole being bound in 
a cast iron frame. Recently the number has been increased to 
15 mats per oven. 'I'he mats are made of '■/f' asbestos woven 
at Vs* mesh, 24 gm. platinum being deposited iqion each mat. 
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After leaving the platiiunn shafts, the gases pass through the 
heat exchangers to the p^atimim cooler shaft, which is of the same 
dimensions and designs as the oxide coolers. From hege the 
gases pass to a series of 3 absorption towers similar to those pre¬ 
viously described. “ 

Mannheim Platinizing Process. 40 liters of pure distilled 
water are placed in an enameled bath. To this is added 1 liter 
of a solution of NaaCib containing ■' » lb., the whole is heated to 
boiling point by means of steam at about 20 lbs. pressure 
and as soon as the liquid boils vigorously, the asbestos mat whicb 
bas been shaken to remove loose i)articles, is placed in the bath. 
1 liter of sodium fonnate solution containing 1 lb. pure IICOONa 
is added, and after bringing the litpiid again to the boiling point, 
too cc. of lO' f PtCli solution ])re\'ionsly made alkaline with 
Na)C():i are poured in slowly, the mat is moved up and down 
slowly through the solution .'i or I times, and then a cover is placed 
on the ba'th and the liquid allowed to boil for ' 'i hour. The mat 
is reversed and a further 20(1 cc. of FtCb solution added, after 
which the solution is kept at the boiling point until the whole of 
the Ft has been deposited on the mat. 'I'liis takt^s from 10 20 
minutes, and is shown by the complete clearing of the soln. 
The mat is then reversed, and placed in another bath containing 
.')() liters of cold water. When 10 mats have stood in this bath 
for from 4 o hours, the water is run off and replaced by 00 liters 
of a lO'A H 2 vS 04 wash at a temperature of 4.')° 40°. This first 
acid wash lasts 18 hours and is followed bv a second 10 ' J II-.SO^ 

r 

wash, lasting the same time and at the same temperature, 'riie 
acid treatment is followed by two hot water washings, each last¬ 
ing from 10-12 hours, wdiich remove the soluble ph<jsphates formed 
during the treatment with f 1 . 2 . 804 . The mats are then placed on 
wooden racks in a hot air oven, at about 00 °, to drain and dry. 
After drying they are ready to be m(junted for baking in the 
platinum shaft. The mats are mounted as follows: (a) Heavy 
iron frame with handle; (b) iron wire grid; (c) platinized mat; 
(d) light iron frame; and so on until 10 mats are in position. I'he 
complete element is now placed in one of the sections of the 
platinum shaft, and baked for (i hrs. at a temperature of 4.')0°. 
After baking, the element is dismantled and the mats placed care¬ 
fully (as they are very brittle) into a tank filled with cold dis- 
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tilled water, where they are left for about 2 hours until thev are 
quite pliable, the water is then run off* and a 10'v solution of 
HC1 added and kept by means of steam at about .')0° for 12 hours. 
After this follow two hot water washiufjs, each lasting' 0 hours, 
and linally 1 cold water wash laslinj; the same lime. The mats 
are then drained on racks and sprinkled with cold distilled water, 
until the water draining from the mats shows no trace of either 
chloride or sulfate. The mats arc then drained, dried and are 
ready for use. It is important to test the distilled water sys^ 
tematically, as the presence of any im]mrity elTects the deposition 
and adherence of the Iilack platinum on the asbestos. 

Kctrcatinciil of Mats for Reiiioi'ul of Arscino. .Vfter the re¬ 
moval of an element from the plant, samples are taken from the 
:ird and (ith mats, and the As per cent, determined. 'I'he mats 
are then given a T. HCl wash at (ill" for (i hours, then washeil 
twice in hot water and linally drained and sprayed with distilled 
water until the water issuing from the mat shows no trace of sul 
fate or chloride. The mats are then dried and samples again 
taken to determine the arsenic as in the retreated mat. 


The Freiburg Process. The contact process of the Mulderer- 
lluettc of Freiburg, due to C. Winkler,' was commenced in ISTli, 
for the manufacture of oleum from sulfur dio.xide and oxygen 
produced by Devillc’s process of splitting up sulfuric acid at very 
high temperatures, and drying the gases. In bsTS, Winkler found 
it po.ssible to use gases from p\'rites burners, and thus anticipated 
the Badische patents by about 211 \ears. 'I'he process is carried 
out as follows: 


(1) The burner gas is produced in ordinary kilns from pyrites 
containing only a small amount of arsenic. 

(2) 'I'he gases are drawn from the kilns by b.ns through the 
purifiers, and then forced from these to the contact apparatus. 

(d) 'I'he purification of the gases is elTected entirely by filtra¬ 
tion, without any' w'ashing or drying apparatus. Filtration is 
made through cotton-wool, which may be partly rejilaccd by 
wood-shavings. 'I'he gas passes through the dust-flues, and then 
through lead towers packed with coke, charcoal, wood-shavings. 


I. I)inj!l. Poly. 187.5, 218, 12,S; abst. J. C. ,S. 187(1. 29, 78:j; bu”- 8oc. 

-- - 1875, 46, 7.5.5; Chem. Tech. Hep. 18o5, 14, 


Chim. 1870, 25, 4.3; Chem. Cciitr 
I, 221; Jahr. Chcni. 1.87.5, 28, 101; Wag. Jahr 


1,875, 21, 2!)0. 
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and cotton, preferably but not necessarily in the order given. 

(4) Formerly platinized asbestos, containing 40%-50% of 
platinum, prepared by the formate method (p. 111,3) was uf-ed in 
the converters. In 18S3 platinized pumice was substituted, but 
in 1888 this was replaced by platinized anglazed porcelain. The 
contact mass is contained in horizontal iron retorts. The gas con¬ 
taining C% vSOj and is passed through five retorts, heated by a 
producer to 440° 400°, yielding 20 to 24 cwts. SO 3 per 24 hours. 

{ 0 ) Absorption is effected in vertical towers fed with con¬ 
centrated sulfuric acid until a strongly fuming acid is formed. If 
anhydride is required, this is distilled in iron retorts. 

The Rabe Process. In the process described in the patents 
of H. Rabe' the gas enters by a lined cast-iron pipe provided with 
cleaning holes, and sufficient water or sulfuric acid is introduced 
by a Koerting’s spray to be completely vaporized. The partially 
cooled gafi then passes to a Glover tower instructed in the usual 
way and fed with cold strong sulfuric acid, which completes the 
cooling and removes dust, which passes out with the hot acid in 
the form of mud. 

The cooled gas is next forced to the filters, consisting of a 
lead box containing graded coke siqiportcd on a grid, the granule 
size of the coke varying from 10 ram. below to 1 mm. above. 
A large surface is thus exposed to prevent obstruction of the 
draft, the filter being periodically washed. Asbc.stos may be 
used instead of the finest coke. 'I'he gas should now be optically 
t-lear. 

To remove gaseous impurities, especially HCl, the gas is 
ne«t passed over sodium bisulfate in a chamber provided with 
shelves, or in the form of a concentrated solution in a scrub¬ 
ber. The gas now passes through a second Glover tower fed with 
strong .sulfuric acid, and then to the contact apparatus. 

In this the catalyst is spread on sieves in comparatively wide 
chambers, and it is possible to carry out the reaction with different 
contact masses, or different temperature, or “combinations of 

1, E. P. 3.S27, liWl; abst. J. S. C. I. 1002, 21, 407; Chem. Ztg. 1002, 
28, SSki; Mon. .Sci. 1002, 59, 7."), Hung. P. 210.59, 1901. D. R. P. 14.3593; 
abst. Zts. ang. Chem. 1903, 16, IISl; Chcin. Zts. 1904, 3, 291, .337; Chem. 
Ztg. 1903, 27, 1138, Wag. Jahr. 1003, 49, I, 258; Mon. Sci. 1004, 61, 82. 
See H. Niedenfuhr, Zts. ang. Chem. 1900, 13, 900. D. R. P. 111019, 112835. 
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both.” The SO 3 is absorbed in reaction towers fed witli sulfuric 
acid. * 

No further details of this proee.ss apiiear to have been given; 
it has been used in several works and is said to be cheap and 
efficient. 

The Properties of Oleum. Wluil is teehnicallv called iTnning 
Sulfuric Acid is pyrosulfuric acid, II-^S-Ot, or fuming O. V., con¬ 
taining 4.'")% SO:). Acids containing less than .W7, or between 
60% and 70%, are Ihpiid at the ordinary temperature, the remain¬ 
der being solid, and liquefiable at temperatures not exceeding 
66°. The liquid fumes strongly in moist air, and on heating 
sulfur trioxide passes off. All acids containing free SO., are now 
given the name ‘‘Oleum.” 

The properties of oleum have been given by R. Knietsch,' 
but there is little eloubt that many of his figures are inaccurate,^ 
the specific gravities given by this observer (see Chapter VII1) 
probably being too high. The following figures refer to acids 
jiroduced in a British works: 

Specific C'.ravity 


Per cent. Sf):i at la“ 

IS l.S'.).", 

19 I'.inn.s 

20 1,90.5'. 

21 I 9110 

22 1.9100 


The temperature correction is found, per degree, as follows: 

10° 20° subtract 0,001.5 

20° .5.5° subtract O.IKUO 

5,5°-00° sul.tract 0,0020 


Contact Processes in the United States. In ISO.s the Radischc 
Co. erected an experimental plant in New Jersey, and the Knietsch 
patents were subsequently actpiircd by the General Chemical 
Co., who have also taken out patents for the contact process.^ 
The Schroeder-Grillo process has been worked .since 1.S09 by the 
Mineral Point Zinc Co. at their works in Wisconsin. In 1960 


1. R. Knietsch, Ber. 1901, 34, 41(K); abst. J. C, S. 1902, 82, ii, 1.12. 

2. A. Porter, Trans. F.araday Soc. iObS, 13, part 3; abst. J, S, C. I. 


1918, 37, 9 R, 27-A; C. A. 191,8. 13, 1970 

,3. G. Lunge, Zts. ang. Chem. 1910, 23, 721; abst. C. A. 1910, 4, 1897; 
see also U. Wedge, Eighth Inti. Cong. Appl. Chein. 1912, II, 2, 241; abst. 
J. S. C. I. 1912, 31, 874. T. Briggs and H. Merriani, U. S. P. 1013(138, 1912; 
abst. C. A. 1912, 6, 071; Chem. Ztg. Pep. 1912, 36, 194; Mon. Sci. 1912, 77, 
130. U. S. P. 1082301;'abst. C.'A.' 1914, 8, 792; Mon. Sci. 1914. 81, 65. 
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the General Chemical Co. commenced the use of the IIcrre,shofT 
system, described helow; in the New York works, pyrites Rases 
being used. This company has accpiired the rights of the BacNsche, 
Meister, Lucius and Briining, Tentelew, and Rabe patents. The 
other companies using contact pnx'csses’ are, for the most part, 
their licensees, 'i'he New Jersey Zinc Co. owns the Schroeder- 
Grillo patents for the United vStates. About one-cpiarter of the 
aeid made in the States is said to be manufactured by the con¬ 
tact process.' Contact processes were tried by the Tennessee 
Copper Works, but have been abandoned for the use of large 
lead chambers,- 

Miscellaneous Contact Processes. I. ?. Lihme, assignor to 
the Grasselli Chemical Co. of Cleveland, Ohio, states'* that the 
arsenic in burner gases e.xists in the form of arsenous hydride, 
AsHj, produced by the action of metal, such as iron, on sulfuric 
acid contjjining arsenious oxide, .\s.>0:!, and devized a si)ecial form 
of apparatus for removing this impurity (big. ID.")). The arsenous 
hydride is not removed by absorption towers anti filters, and 
arsenic is not completely retained by an oxide of iron shaft, but 
is eliminated by ])assing the gases over iron tir copper oxide 
heated to a temperature not exceeding 100°, and preferably 70° 
to 90°. The apparatus consists of a furnace 1, iron contact 
tower 2, cooler 3, and primary absorption towers 4, as in the tir- 
dinary plants. After leaving the absorption towers the gases pass 
through a slag-wool filter.'), but are not then passed to the platinum 
oontact mass included in the tower 2 as usual, but first through 
an iron shaft or tower 0, provided with grate bars 7, to contain the 
iron or copper oxide, which is used as the arsenic eliminating ma¬ 
terial. This is provided with hoppers <S on top for charging fresh 
niatcrials, and also with steam coils 14, preferably several coils under 
the bars, for heating the contents of the tower to the requi.sitc tem¬ 
perature. Additional coils are provided on the top of the tower 
to give the gases the required temperature before entering the 
iron shaft. Additional filter boxes 9, similar to 3, are installed 

1. F. Quincke, Zts. anx. Chem. lillO, 23, HI2;!. 

2. W, Freeland and C. Kenvvick, IJiiK. Min. J. 1910, 89, 1110; abst. 
Cliein. Ztg. Rep. 1910, 34, 472. See also (1. Patterson and l„ Cheney, Fight 
Inti, Cong, Appl. Chem, 1912, 21.5; J. bid, Fng. Chem. 1910, 4, 72;i; abst. 
C. A. 1913, 7, 869; J. S. C. 1. 1912, 31, 1028. 

3. t;. .S. P. 110.3.522, 1914; abst. C. A. 1914, 8 , 3102; Zts. ang. Chem. 
1910, 29, 110; Chem. Ztg. Rep. 191.5, 39, 114; Mon. .Sci. 1914, 81, 178. 
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in the path of the gases leaving the special iron shaft, and the 
gases pass to the platinum contact chamber by a pipe 10, being 
then carried by a pipe 11 to the second cooler 12, and the final 
absorption tower 13. The special pojpt of the process is the 
recognition of the presence of arsenous hydride iti the gases, and 
the steps taken for its removal. If, however, the kiln gases arc 

carefully dried, as di- 

^1 /A 


rected in the Mann¬ 
heim patents, it is diffi¬ 
cult to .see how arsen¬ 
ous hydride can be 
produced, as claimed, 
by this inventor. The 
water produced by the 
o.xidatioii of arsenous 
hydride in the tower (i 
is absorbed in a lead 
tower Hi, filled with 
coke over which strong 
sulfuric acid trickles. 

In the patents of 
li, Raynaud and !<. 
Pierron,' reference is 
made to carrying out 
the conversion in dis¬ 
tinct stages. At first, 
a portion of the sulfur 
dioxide and oxygen 
are combined, then the 
remainder of the two 

Fig. I06.-RAYNAUD and Pierron Process of 

Making Sci.fcric Anhydride .. , 

portions of the gases 

as are produced by the decomposition of the .sulfur trioxidc 
formed. 

The temperature is kept uniform, contact masses containing 
but a small proportion of platinum are placed near the inlet of 
the gaseous mixture, and then substances containing less plat 
1. U. S. P. 761941, 1904; abst. Chem. Zts. 1904, 3, 492; J. A. C. S. 1904 
26R, 404; Mon. Sci. 1905, S3, 7. H. S. P. 7.16876. lOttl; abst. Chem. Zts. 
1904, 3, 82; J. A. C. S. 1904, 28R, 141; Mon. >Sci. 1903, 59, 182. 
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inum. In the intermediate staf-cs the gases come in contact with 
masses^ richer in platinum. The apparatus (Fig. 100) comprizes 
three vessels r,, r-, n, provided with covers, p, p, enclosed within 
brick walls, f, /. A layer of insulating material g is placed over 
the covers of the vessels to prevent undue cooling. Around the 
vessels hot gases from a producer or furnace circulate, entering 
through the passages o, o, provided with dampers, and escaping 
through a passage s. Inside the vessels are superposed shelves 
or sieves, ai. a^, a.-,, respectively, upon which are jilaced the cata¬ 
lytic substance. The mixture of sulfur dioxide and air, which 
may have been previously purified, enters the first vessel n, 
through the pipe t in the cover, and passes down through the cata¬ 
lytic material on the sieves Ui, then through a pipe b to the lower 
part of the second vessel r-i, up through the catalytic substance 
on the sieves 02 , then through a ])i]ie c to the upper part of the 
third vessel n, and down through the catalytic substance on the 
sieves Ua. The gas then escapes through the pipes to the absorp 
tion apparatus. In the first vessel r, are placed catalytic sub¬ 
stances containing, say, up to 5', of platinum, in the second 
vessel fi substances containing say, lO';,) of platinum, and in the 
third vessel, r.i, substances containing, say, 10'J of platinum near 
the gas inlet, the percentage of platinum decreasing as the sub¬ 
stances are placed nearer the outlet. The actions prcviou.sly 
de.scribed then occur. 

In the second jiatent of these inventors, a catalytic mass of 
constant composition is used, but the temperatures arc varied.* 
In the first vessel it is ;i()()°, in the second vessel ,')00°, and in the 
third vessel 400°; at the latter temperature recombination of tlK‘ 
dissociated sulfur trioxide takes place. 

'I'lie apparatus is shown in Fig. 107 and consists of a set of 
ovens F|, Fb, h',, each containing a cylindrical vessel in which are 
superposed sieves upon which is placed the contact mass of uni¬ 
form richness in platinum, .say 10'The ovens are at r. distance 
from one another, and each is heated separately by furnaces 
Oi, G 2 , G.n or by hot gases. The sulfur dioxide gases enter by a 
pipe T into the upper part of the first vessel Ci, from the lower 
part of which they pass through a ])ipe 'F' into the upper part 
of the second vessel C 2 . They leave this second vessel at the 
lower part and pags into the upper part of the third vessel through 
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a i)ipc Tj, in which they may be ciwled by air or water circulating 
through a coil S. From the lower part of Cs the gases pass to 
the alrsorption apparatus. To avoid a rise of temperature in 
the third vessel Cs, sufficient to cause dissociation of sulfur tri¬ 
oxide, two similar vessels C's, located in .separate ovens as shown, 
may be used, and the gases caused by the dampers ti, to, to pass 




through the second vessel when the first has become heated 
throughout. 

H. Blackmore' de.scribes a process for preventing undue rise 
of temperature during the union of the gases by mixing with them 

I, b. S. P. 70958.5, 1904; 778099, 1904; abst. Chem. Zts. 1904, 3, 703; 
1905, 4, 270; J. A. C. S. 1905, 27R, 290, .502; Mon. Sci. 1905, 83, ,5-1, 110. 
U. .S. P. 828208, 1900; abst. Chem. Zts. 1900, 5, 490; Mon. ,Sci. 1907, 67, .53. 
Sec also U. S. P. Re-1199.5, l<K)2, 
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j'ases which undergo cheiiiicul cliaiiges with atisrirptioii of heat. 
This process is described as “chemical refrigeration.” Carbon 
dioxide *and nitrogen dioxide arc directed to be itsed, these being 
reduced by absorption of heat to carbon monoxide and nitric- 
oxide, which are afterwards re-oxidized in a separate ])ortion of 
the apparatus. 

(d. ,Stone' has disclosed a new form of contact vessel, shown 
in Fig. Ids, which consists of a series of individual superposed sec 



Kid. KIH. The Stone Ai-i'.^katcs i'ok UStp M.-cncf-cctckE 

tions (I, III, (I2, -w-hich may conveniently be cylindrical, and jacketed 
with non-condticting material. 'I'he sections are Hanged at the 
top and bottom, and prox ided with dow’cl-pins />, Idling in cor¬ 
responding recesses. The series of sections rests upon a fixed 
section c, and is .surmounted by a roof-section d. hatch of the 
1. t!. S. I’. 711 ISO, 1002: abst. Cheiii. Zts. 1002, 2, laS, 2i 1; J. .^. C. S. 
toon, 25R, 212. • . 
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sections o is provided with a screen / to support the contact mass, 
and it is also desirabfe but not essential that a diaphragm g, 
having a central orifice h, be inserted between each screeil to aid 
mixing. The preheated gases are passed jpto the apparatus, pre¬ 
ferably from below upwards. The contact mass may be renewed 
in the sections separately, as required. New sections may be 
inserted to take the place of those taken out for renewal. These 
new sections being put on top of the apparatus, so that the nearly 
converted gases pass through the most active section. 

A series of patents have been taken out by the General 
Chemical Co. of New York. In the first of these* a contact 
apparatus is de.scribed having a plurality of contact chambers 
and a plurality of heat-exchangers (Fig. 109) in which A is the 
inlet main, connected through A' by a valve B to the heat-ex¬ 
changer C, from which a pipe A 2 leads back to the supply pipe, 
a valve B' being interposed between the two sections. At a fur¬ 
ther point te located a heat-exchanger c, with connections ci and 
Oi. The end of the pipe A is connected with the contact cham¬ 
ber D, of suitable construction, but may be much shorter than 
those previously employed-. It may also contain contact material 
increasingly richer from the inlet towards the outlet. Tlie pipe 
E connects the contact chamber outlet with the inlet of the 
exchanger c. From this a pipe F leads to another contact chamber 
d, the outlet pipe e of which is connected with the central chamber 
^ of the exchanger C. From this passes the outlet pipe G to the 
absorption apparatus or a second or third, etc., contact plant. 
In the normal operation of the apparatus the valves B' b' may be 
Closed at first while the valves j5 6 are open. This will cause the 
incoming gas mixture first to enter the exchanger C and pass 
through the central portion of the supply-pipe A, then to pass 
through the exchanger c, and finally to the first contket chamber 
D. The partially converted mixture flows through the pipe E, 
the central chamber of the exchanger c, and the pipe F to the 
second contact chamber d, where the reaction is continued, possibly 
to completion. The gas then pa.sses through the pipe e and the 
central chamber of the exchanger C to the outlet G. The in¬ 
coming gas thus comes into heat exchange with the partially con- 

1. J. Herreshoff, U. S. P. 719333, 1903; abst. Chem. Zts. 1903, 2, 529; 
J. A. C. S. 1903, 2SR, ,378; Mon. Sci. 190;3, 59, 100. . 
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verted prcxUiet twice iii succession, being first heated with the 
product nearest eonipletion. Tims by the time the incomiijg gas 
reaches the contact chamber I) it is heated to the temperature of 
reaction. If the combined effect of tlie. two exchangers C and c 
is too energetic, a ]iortion only of the entering gas is passed through 
them, or only one is used. 

In the second patent' the gaseous mixture is graduall}’ dil¬ 
uted during the conversion. The inlet is at A (Fig. 110), and />’ 
is the first contact chamber, from which a pipe leads to the 
second chamber 7>i, the outlet of which is another connecting 
pipe t 'l leading to the third contact chamber H-<. The outlet is 
at D. At least two chambers are used. Each connecting pipe 
is pro^•ided with a branch E, controlled bv a valve F, and in con¬ 
nection with a fan 6'. The burner gas is admitted at A, but 
contains ,a larger proportion of sulfur dioxide, say ll'.'v' , than 
usual. The mixture after passing through B becomes poorer in 
oxygen and heated. It is cooled and admixed with cool air or 
oxygen before passing to the next contact chamber, tlie air being 
admitted through ER' from the fans (E. 'I'he operation is re¬ 
peated after successive contact chambers. The use of a stronger 
initial mixture reduces the cost and size of the imrifiers, and (Jii 
account of the lower amount of free oxygen there is less likelihood 
of sulfur trioxide being banned before the gases reach the contact 
apparatus. 

, The third patent- relates to the ab.sorption of sulfur trioxide. 
The apparatus (Fig. Ill) consists of an absorption tower A filled 
with coke, etc., with an inlet C. In the upper part of the tower 
is a spraying device 1), through which liquid acid is distributed. 
'I'he exit is at El. 'I'he acid for absorption is contained in G, con¬ 
nected with 1) by a pipe //, with a controlling valve /, /. 'I'he 
acid after having absorbed sulfur trioxidc is discharged through 
a pipe K, to a tank L. 'I'his tank is divided into two compart¬ 
ments by a partition E, acting as an overflow into the second 
compartment, wdiich is connected by a distributer M with a cooling 
tank N. To the acid in X is added an amount of water or weak 

1. W. Ferguson, S. I’. 72.'i.">9(l, ahst. Chem. Zts. HKri, 2, 

rm: J. a. C. S. HHI;!, 25R, MM; Chem. Zlg. nial, 27, ;i72; Mon. Sei. UgCi, 
59, 170, 

2. J. HerreshofT, U. S. P. 7.'i7«2r), 100;i: abst, Chem. Zts. KKM, 3, 117. 
291: J. A. C. S. 1!HM, 28R, IWl; Mon. Hci. 1902, 59, 1S2. • 
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acid to bring it to the ,streiigtli of the original acid in G. This 
water oj weak acid is added through the pipe 0. An overflow 
pipe P takes the cool acid to the tank Q, which is called the 
regulator-tank, and contains a float R, connected with the valve 
5, controlling an outlet pipe T leading from the tank L. The 



I'lG. lit. —ItERREsnoi-K Process for Making Suepitric Acid 


connection may consist of a wire U, passing over rollers V, and 
connected with a lever W which engages the valve stem. A 
weight A' keeps the wire U taut and tends to open the valve S when 
the float rises. When the float sinks, it will pull up the weight 
A' and close the valve 5. This device ensures the proper pro¬ 
portioning of the strong acid and water or weak acid. A pump 
Z in the tank Q discharges through a tg the supply tank G in which • 
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is another float q, from which the wire u leads over rollers v to 
a device controlling the speed of the piflnp, which is shown as a 
rheostat. Acid of 97% may be used to sn[)i)ly the tank G. 

The absorption apparatus of I. Cox has already been referred 
to.' Sulfur trioxide at an initial tenprerature between 95° F. 
and 115° F. is passed through an absorbing tower down which 
the absorbing acid, which must be initially between the same 
limits of temperature and at least -Id times by weight the amount 
of sulfur trioxide is caused to flow. The acid is circulated, and 
cooled between each passage through the tower.-' 

Lead Chamber Process of Sulfuric Acid Manufacture. .V 

1. I. Cox, U. S. P. l(X)2,S2t, al)st. J. S. C. t. 30, 1210; 

C. A. 1911, 5, .3911; CIk-iii. ZtR. Pop. 1911, 35, r>\r>. 1 -;. p. ,S52,S, 1911- abst 
C. A. 1912, 6, 2825; J. S. C. 1. 1912, 31, 1.S7. C.aii. P. 127510, 1911; absl 
C. A. 1912, 6 , 797. 

2. P'or other [(rocesses of produeiiiR SO,, see I-;. l-ievTuiud and f,. Pier- 

roil, K. P. 102.5.3, 1900; ab.st. J. S. C. I. 19(11, 20, 42; Cliem. ZIr, 1992, 28, 
53. T. Meyer, Zts. atiR. Clieiii. 1900, 19, 1313. K. Messel, l-b P 22072 
1909; abst. J. S. C. I. 1910, 29, 1250; Cheiii. 7Ag. Kep. 1911, 35, 3; Mon 
vSei. 1914, 81, 82. F. P. 414.387, 1910; abst. 1. ,S. C. 1. 1910, 29, 1203. IJ. 
R. P. 22().3.31; abst. C. A. 1911, 5, 1320; Zts. aiig. Clieni. 1910, 23, 2098; 
Chem. Zeiitr. 1910, 81, 11, 12.54; Jalir. Cliem. 1910, 63, I, .508; Cliem. ZtR. 
Rep, 1910, 34, 510; Wag. Jalir. 1910, 58, 1, 418, Mon. Se.i. 1914, 81, 87. 
U. S. P. 1078937; abst. C. A. 1914, 8, 405; Mon. Sei. 1914, 81, 20. 
C. Daub, Kelg. P. 103431, 1902. II. lleRelei and I,. Heinz, U. ,S. P. 931808; 
abst. Chem. Ztg. Rep. 1909, 33, .531. A. Rahljen, 14. K. P. 220107; abst. 
C. A. 1911, 5, 1 175; Zts. ang. Cliem. 1910, 23, 2293; Chem. Zenlr. 1910, 81, 
1103; Jahr. Chem. 1910, 63, ,507; Chem. Zts. Kep. 1910, 34, 499; Wag. Jahr. 
1910, 58, I, 433; Zts. Sehiess. Spreng. 1910, 5, 140. 1-7 Moller, 1). R. P. 

2707.57; abst. C. A. 1914, 8, 2232; Zts. ang. Ciiein. 1011, 27, 220; Cliem. Ztg. 
Rep. 1914, 38, 159; Wag. Jalir. 1911, 60, 1, 122. P. Curtins, I). R. P. Ainn. 
C-23027. Mctallbank xi. Metallurgische ties.. 1'. P. 450524; abst. C. -1. 
1914, 8, 1800; Chem. Ztg. Kep, 10)4, 38, 51. P. Habatz, li. P, 1210, 1000. 
Bclg. P. 149757. 1900; abst. J, S. C. I. 1900, 19, 1110. P. Habat'Z-Rlieiii- 
gontheim, D. R. P. .4iim. R-43002. Nordyke Sr Mannon Co,, Iv. P. 1204, 
1906; abst. J. S. C. I. 1900, 25, 530. I-. Andersen, l>. R. P. 277222; abst. 
Zts. ang. Chem. 1914, 27, 577; Chem. Zeiitr. 1914, 85, II, .595; Cliem. Ztg. 
Rep. 1914, 38, 404; Wag. Jahr. Chem, 1914, 60, I, .570. H. Lelarge, Iv. P, 
18579, 1913; abst. J. >S. C. I. 1914, 33, 900. l-'arbcnfabi’. vorm. P. Bayer 
& Co., D. R. P. 203287; abst. Zts. ang. Chem. 1913 , 26, ,502; C. A. 1913, 7, 
4051; Chem. Zeiitr. 1913, 84, II, 827; Chem. Ztg. Rep. 1913, 37, 515; Wag. 
Jahr. 1913, 59, I, 515. K. P. 1994, 1912. P. P. 453470; abst. C. A. 1914, 
8, 218; Chem. Ztg. Rep. 1913, 37, 550. A. Wilhelmi, I). K. P. 270002; abst. 
C. A. 1914, 8, 1892; Zts. ang. Chem. 1914, 27, 189; Chem, Zentr. 1914, 85, 
I, 712; Chem. Ztg. Rep. 1914, 38, 101. T. Wolf, U. S. P. 1099530; abst. 
C. A. 1914, 8 , 2783. B. Parodi-Dcllino, li. P. 126390, 1917; abst. C. A. 
1919, 13, 2258; J S. C, 1. 1919. 38, 395-A, -WIS-A. H. Meyers, U. S. P. 
1314280, 1919; abst. C. A. 1919, 13, 2742; J. S. C. I. 1919, 38, 717 A. 
Soc. anon "I.a Metallurgie Nouvclle,” Belg. P. 104020, 164621, 1902, 
K. P. 326860, 326851; abst. Cliem. Zts. 1903, 2, 476; Mou. Sci. 1904, 63, 46. 
Siemens & Halske Akt. Ges., U. P. 16337 1901; abst. J. S. C. I. 1902, 21, 
914. British Dyes, Ltd., J. Turner and W. Davidson, E. P. 132923; abst. 
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general account of the Chamber Process has already been given 
(p. lOOS). The following'siiniinary indicates the ontlines of Amer¬ 
ican practtce.' Most of the acid is made from ])yrites, the lump 
ore being imported ehiefly from Spain, while iJic lines are mined 
in Virginia, ('.eorgia, Tennessee and California. If lump ore is 
used it is burnt in brick furnaces having grates composed of 
single square bars which may be turned on their longitudinal 
axes to let down the burnt ore to the ash-]^its. These furnaces 
hold 11 .') tons each, and :irc arranged in batteries of 20 to 2.') 
for each set of chambers, the daily charge per furnace being 
T.aO 1000 lbs. of pyrites. The burners for lines are cylindrical, 
containing shelves fitted with scrapers for drawing the ore from 
.shelf to shelf until the fully burnt cinder is discharged at the 
bottom. The rakes are attached to a central air or water cooled 
shaft. In one type of furnace the shaft revolves; in another the 
shaft is rigid while the furnace itself revolves. 

The gases from the burners are fr)rced into a dust chamber 
fitted with balTle plates where oxides of iron, arsenic, lead, zinc, 
etc., are largely removed. The gases now enter the Clover tower, 
which consists of a lead tower, usuallv 20 MO ft. liigh and O N 
ft. across, lined with acid-resisting brick and partly filled w’ith 
quartz or other similar ])acking, so arranged that tl.e dilute 
nitrous vitriol distributed by an apparatus at the top may trickle 
down the interstices. The temperature of the entering gases 
is M00° 400°, sufficient to drive off the nitrogen oxides from the 
nitrous vitriol and restore them to the system. The uses of the 
(hlover tower are threefold: (1) to cool the burner gases before 
entty to the chambers; (2) to restore water and nitrogen oxirles 
to the chambers; (M) to partially concentrate the chamber acid. 

• Prom the Clover tower the gases pass to the first of the lead 
chambers where most of the aeid is made. These usually consist 
of large square or oblong boxes of sheet lead ((> to S lbs. to the 
sq. ft.) and having a capacity of 2.1,()()() 7.'),000 cu. ft. Water 
in the form of fine spray or steam is blown into the chambers at 

J. vS. C. I. liOO, 38, 8t)I A. I nind Alkali Co., 1). K. 1’. l.tyoW); ahst. Wag. 
Jahr. 1904, 50, I, 290. A. Sibillot and 1„ .Manclaire. P. I’. .MK0072; abst. 
J. S. C. 1. J9(iH, 27, 090. A process combining calalylic o.\idation of SOj 
with electrical precipitation of acid mists formed has been described by H. 
Welch, Can. P. 19477(i, 1919; abst. C. A. 1920, 14, 001. 

1. W. Waggamaii, Bull. 2K;i, V. S. Dept. Agric. 191.7; abst. J. S. C. 1. 
1910, 35, 42. 
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various points. This decoinposcs tho nitrosulfonic acid formed 
from yie sulfur dioxide, oxygen, water a'nd iiitro^'cu oxides into 
sulfuric acid and returns the nitrogen oxides to the system for 
further action. The number and siz-c of the chambers used vary 
from 2 to It) or more, depending on the ea])aeity of the burners. 
In large plants the apparatus is often divided into tmits, each 
battery of burners liaedug a separate set of chambers. The gases 
pass in succession through the chambers, and formation of .sul¬ 
furic acid goes on until up to bS':; of the SO-, is converted into 
ILSO.,. 

'file residual gases, containing nitrogen, oxides of nitrogen, 
and a small amount of sulfitr dioxide, then etiter the lower part 
of the ('Tay-bussac or recovery tower, which is similar in con¬ 
struction to the C'.lover tower except that it is usually taller and 
wider (It) 50 ft. high and S 15 ft. diam.) and filled with coke 
instcafl of (piartz,. .Strong sulfttric acid (sp. gr. 1.5 1.7* trickles 
down this tow-er, absorbing ttie nitrogen oxides from the residual 
gases ttscending the coke coltnmi, which are finallv discharged 
through a stack. I'he nitrous vitriol formed is pttmped to the 
tflover tower, diluted with water or chamber acid, and distributed 
as described. 

The use of stone,' glass,- or a composition of powderetl stone 
and melted sulfur," instead of lead for chambers has been pro¬ 
posed, but has not come into tise. 

As regards the costs of the chamber jirocess, it is stated' 
that the largest item of expense is jiyriles, but the yield ])er lb. 
of .sulfur burnt is entirely a matter of plant management. 'I'lie 
cost due to niter is partly inlluenceil bv the design of the tow(*rs 
and the niter-adding arrangements, and the consumption of niter 
depends primarily on control and chamber space. b.abor and 
power co.sts, for air compre.ssion ami pumping water depend on 
management and maintenance of machinery. 'I'he (Uily items 
appreciably alTected by design are overhead costs." 

General Construction of the Lead Chamber. 11 is calculated 

1. W. C.ossage, b. I>. 21182, 18.'i(); tl, ISm. 

2. S. I’udiiey, H. I’. 2462, I.S62. 

3. J. .Simon, M. 1'. IoSIi. 1851). 

4. .S. Martcnet, Chem. I'm;, Muniifr. 11)16, 24, 33; ahst. C. .4. 1916. 
10, 2389. 

5. A. Kairlic, Chciii. Met. ling. 1918, 19, 404; ahst. J. ,S. C. I. 1918, 
37, ().52-A; C. A. ]1M.8,_12, 2412. C. Harher, J. (las Uglitiiig, 1916, 134, 
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that for each kilo of sulfur burnt in the form of brimstone, 6199 
liters, and in the state of pyrites 8415 liters, of gas at normal 
temperature and pressure enter the chambers. Since also the 
reactions in the chambers occupy an appre,piable time, it is evi¬ 
dent that sufficient space must be provided. By reason of the 
corrosive action of the acids, practically only one material can 
be used for the construction of this reaction space, viz., lead. 
This is ca.sily rolled into large sheets, from which the walls, roof 
and bottom of the chamber are constructed. 

bead chambers are always raised above the floor level, so 
that leakage may easily be detected, and to allow of the accom¬ 
modation of the other parts of the plant to some extent beneath 
the chambers. I’unge recommends a height of 17-20 ft. above 
ground. The foundations should be good; a rocky or pebbly 
ground is best, marl or limestone, which arc dissolved by acid 
accidentally spilled, are unsatisfactory. The soil may be pro¬ 
tected by a layer of asphalt. The chambers are supported on 
pillars of wood, brick, stone or cast-iron. Up to 26 ft. metal 
pillars arc most useful, although wood or brick are cheapest. 
Pitchpine is the best wood for all constructional purposes in the 

227; abst. C. A. 1910, 10, 191.1. J. Brown and Siinon-Carves Byc-Product 
Oven Co., li. F’. 2,5(100, 1912. J. Harris and U. Thomas, E, P. 1044C1; abst. 
J. S. C. I. 1917, 36, ^502; Ann. Rep Soc. Chem. Ind. 1917, 2, 178. O. Katisch, 
Chem. App. 191.5, 2, 5.1, 08; abst. C. A. 1915, 9, 1372, C. Meigs, 11. S. P. 
1022493; abst. C. -A. 1912, 6 , 1061. “P,” Gas World (Coking and By- 
Products Section), 1918, 68, No. 1759, 17; abst. C. A. 1918, 12, 1911. K. 
Falding, ling. Min. J. 68, 441; abst. C. A. 1910, 4, 1225. T. Harris, Met. 
Chem. Eng. 1910, 15, 31.3,• abst. C. A. 1916, U, 2966. 0. Proelss, Chem. 
Ztg. 1910, 34, 1322; abst. C. A. 1911. 5, 1168. C. de Kalb, Mining Sci. 
Press, 1918, 116, 437; abst. C. A. 1918, 12, 1104. ,Sce also Chem. News, 
1883, 47, 266; 1884, 49, 13. J. S. C. I. 1917, 36, 491. P. .Spence, E. P. 2282, 
1857; 8(53, 1803. H. Baker, E- P. 2065, 1870. A. Upward, J. Bannehr and 
T. Hale, E. P. 37,56, 1809. L. Israel, E. P. 3404, 1808. A. Stinville, E. P. 
■519, 1903; F. P. 3232.52, 1902; abst. J. S. C. I. 1903, 22, 495, 1347. Bclg. 
P. 167784, 1903. The following French patents on lead chamber processes 
are also of interest in this connection: 3232.52, 1902 ; 3431.56, 347415, 1904; 
354831, 1905; 395094, 404071, 1909 ; 419602, 1910 ; 431427, 4.32874, 1911. 
C. Uinrich.s, U. ,S. P. 9249, 18.52. For the manufacture of sulfuric acid by 
the chamber process and apparatus, see E. P. 1006, 18(51; 13,52, 2462, 1802; 
2593, 1866 ; 270, 2600, 3030, 1808; 42, 881, 2077, 3494, 1869 ; 2293, 1870; 
176, 1077, 1871; 3189, 1873; 3117, 4342, 1874 ; 2690, 287.3, 1875; 1018, 1877; 
1084, 3182, 1878 ; 3774, 1879 ; 4.522, 1880; 1957, 4888, 1881; 17.52, 1882; 
3086, 9317, 1884; 1.5001, 1885; 10798, 12070, 14441, 1886; 9543, 1887; .5058, 
1890; 14944, 1891; 10757, 1892; 4.342, 1893; 1.5895, 17602, 1893; 1168, 4856, 
13171, 1895; .5012, 1896; 18376, 1898; 107.57, 1899; 4272, 1900; 7710, 20142, 
20143, 1901; 6051, 26916, 1902 ; 519, 24619, 19a3: 1066, 2.541, 6840, 17794, 
20012, 1904; 22080, 1905; 18927, 1906; 4861, 11559, 27738, 1907; 11732, 1908; 
52, 11128, 26452. 1909. 
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acid works. In larger works cast-iron ])illars are recommended, 
as they are durable, and may be made liiglicr than wood pillars. 
Proper brick or stone foundalioiis must be provided for all types 
of pillars. Joists are placed over the pillars to form the floor 
on which the chamber rests; the lead should be exposed to air as 
much as possible. 

Many special schemes of construction have been put forward.' 

The Erection of Lead Chamber. I'lie sheet lead used for 
chambers should be resistant to sulfuric acid, the thickness being 
usually stated in terms of the weight in lbs. per s(|. ft. This 
shoidd be ti lbs., sometimes 7 lbs. is used for the ends and to]) or 
for the first chamber. The quality of the lead is very important; 
it appears that pure varieties are more suitable for the jiurpose." 


1. Awe, Zts. aiig. Clicin. 11112, 25, 2.‘12.'1; absl. C. .\. llll.'l, 7, 8011 
recommends horizontal suspensiDii. Ilrewer, l{. U. 170011, 11102; abst 
J. S. C. I. 11)08, 22, 10. J. Harris and 1). 'riiomas, li. 1‘. 0020.«1111;'); tb S 
P. 12(i;i61.5; K. P. 481471, llHO: abst C. A. IIHT, 11, ,S.S, 8101; T. S. C. 1 
191,'), 34, 1241). U. Hartmann, ties., 1C. P. 17()8r), li)i;{: abst. C. A. 191.7, 
9, 8.70. Polg. P. 2.78081, 11)18. H, Ising, D. R. P. 207.718: abst. C. A 

1914. 8, 1)07; Zts. ang. Cliem. 1918, 26, ,70; Cliem. Zeiitr. 1914, 85, I, 87 
Chem. Ztg. Rc]). 1918, 37, 094; Wag, Jalir. 1918, 59, 1, 878. W. Jury. U. S, 
P. 1279119; abst. C. A. 1918, 12, 2078. T. Kalinowsky, 1). R. P. 20,7010 
abst. C. A. 1914, 8, 409; Zts. ang. Cliem. 1918. 26, 091; Chem. Zentr. 1918 
84, 11, 1080; Zts. >Sehiess. .Spreng. 1918. 8, 470; Chem. Ztg. Keii. 1913, 37, 
.790; Wag. Jahr. 1018, 59, I, 877. D. R. P. 200991: abst. C. A. 191.8, 7, 8207 
Zts. ang. Chem. 1913, 26, 418; Chem. Zenir. 1918, 84, 1, 188; Zts. Schiess, 
Spreng. 1918, 8, 8,70; Chem. Ztg. Rep. 1918 , 37, 8.78; Wag. Tahr. 1918, 59, 
I, 878. N. Krantz, D. R. P. 28.800.7; abst. C. A. 191.7, 9, 2489; Zts. ang. Chem. 

1915, 28, 248; Chem. Zentr. 191.7, 86, I, 818; Chem. Zt.g. Re|). 191.7, 39, 124. 
Z. Littmann, I). R. P. 271077; abst. Zts. ang. Chem. 1914. 27, 224; Chem. 
Zentr. 1914, 85, I, 1129; Chem. Ztg. Rep. 1914, 38, 147: Wag. Jahr. lOU, 
60, I, 293. F. P. 462008; ab.st. J. S. C. I. 1914, 33, 311. Ansi. P. 00909. 

C. Meigs, U. S. P. 1022498; abst. C. A. 1912, 6, 1001; Chem. Ztg. Rep. 1912, 
36, 890. .. A. Nellies, K. P. 24228, 1918; abst. J. S. C. I. 1914, 33, .798; C. A. 
1915, 9, 1100. F. Neumann, 1). R. P. Anm. X 14021. 1402.7. 11. PeteWn 
and H. Ising, 1). R. P. 218720. 1908; abst. C. A 191(1. 4, 2082; Zts. ang. 
Chem. 1910, 23, 1052; Chem. Zentr. 1910, 81, I, .870; Zts. .Schiess. Sprenj. 
1910, 5, 250; Chem. Zlg. Rep. 1910. 34, M2: Wag. Jahr. 1910, 56, 1, 411. 

D. R. P. 29,7044, 1914; abst. J. ,S. C. I. 1917. 36, 508; Zts. ang. Chem. 1910, 

29, .787; Chem. Ztg. Rop. 1917, 41, 2. Pros!, Assoe. Belg< des Chim,, Deo. 
12. 1901; abst. Chem. Ztg. 1902. 26, 12: J. ,S. C. 1. 1902. 21, 2.70, 'I', Riohlers, 

F. P. 4aS8, lasi. M. vSeeck, F. P. I0I.S7, 1901: abst. J. S. C. I. 191.7. 34, 
871. F. P. 474.802, 1914; abst. J. S, C. 1, 191.7, 34, 71.7. K, Walter ami F. 
Boenig, F. P. 14944, 1,891; abst. J. .S. C. I. 1.891, 10, 1007. A. Waller and 
H. Wiegand, I). R. P. 200549; abst. Zts. ang. Chem. 1918, 26, 087; Chem, 
Ztg. Rep. 1914, 38, 02. <V W'entzki, I). R. P. 2.!0,784; abst. C. A. 1911, 5, 
2707; Zts. ang. Chem. 1911, 24, 427; Chem, Zentr. 1911, 82, I, .721; Chem. 
Ztg. Rep. 1911, 35, 95; Wag. Jahr. 1911, 57, 1, 410; Mon. Sci. 1914, 81, 81; 
Zts. .Schiess. Spreng. 1911, 6 , 90. 

2. C. Barrs, J. S. C. 1. 1919, 38, 407-T; abst. C. A. 1920, 14, .ill8. 
See also G. llavis, Chem. Fng. 1, 112. G. Lunge, Zts. ang. Chem. 1892, 5, 
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Analyses of good diemical lead, in per cents*., are given below: 




I 

11 

llisimith 


0.(K)2.4 

0.01,40 

I ron 


0.(HI21 

0.0021 

Antimony 


0.0010 

0.0011 

Copper 

Cadmium 


O.IKHIS 

0.0005 


Trace 

Trace 

Silver 


Trace 

Trace 

Zinc 


0.0000 

0.(KI5 


The sheets of lead are first wrapped round a wooden roller, 
0 in. thick, and beaten with a plumber’s mallet to remove in¬ 
equalities and indentations. 

The “h'lash Test” for chemical lead gives a u.seful indication 
of its quality, and is performed as follows: A strip of the lead 
to be tested is hung o\ er the side of a glass beaker to reach within 
half an inch of the bottom. 'I'he beaker is filled one-third full 
with 00% .sulfuric acid so as to cover an inch of the lead strip. 
A thermometer reading to lOO® is suspended in the acid, and a 
glass tube fitted to a water blower is placed in the beaker so that 
a steady stream of air can be passed through the acid. The 
beaker is now heated by a Bunsen and the action on the lead 
noted as the temperature rises. At a ecriaiu temperature the 
action of the acid becomes suddenly more violent, and solution 
rapidly takes place. This is knoAvn as the “hash point;” a cloud 
of sulfate is then foniied and the lead completely vanishes in a 
few seconds. Ordinary plumber's lead flashes at about 1(>0° 240°; 
good brands of virgin ])ig lead flash at 240° 2l'),a°, while a good 
chemical lead suitable for acid resisting apparatus should stand 
up to 280°. 

. The lead sheets are joined by autogenous welding with a 
hydrogen flame, an operation known as “lead burning.” The 
Apparatus used consists of a hydrogen generator, and a blowpijie 
and bellows. Stra])s are wehled on the sheets at suitable places 
for attachment to the supports. 'I'he chamber bottom is not 
04.4. J. Maotear, J. .S. C. I. ISX-t, 3, 2.40. Iviig. Min. J., March 8, 1002; 
abst. J, S. C. I. 1002, 21, 510. O. Miihfhaiiscr, Zt.s. ang, Clicrn. 1002, IS, 
7.58. H. l/cycmfcckcr. Jv. P. 27.50, 1001; abst. J. S. C. I. 1002, 21, 124; Chem. 
Ztg. 1002, 26, .500. Chem. Trade J. 1000, 38, 01. I'or the action of lluoriiic 
on the lead of sulfuric acid chainbers, see P. Truchot, Seventh Inti. Cong. 
Appl. Chem,, 1000; abst. J. S. C. f. 1000, 30, 207; C. A. 1011, 5, 1018. H. 
Klcnke, I). R. P. 2I04(X), 1008; abst. C. A. 1010, 4, 20.42; Zts. ang, Chem. 
1010. 23, 10.52; Chem. Zentr. 1010, 81, I, 070; Jahr, Chem, 1010, 63, I, .525; 
Zt.s. Schicss, .Spreiig. 1010, 5, 174; Chem, Ztg. Rep. 1010, 34, 150; Wag. Jahr. 
1010, 56, I, 412; .Mon. Sci. lOlO, 78, 150. 
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joined to the sides, but forms a lar>;e flat saucer, into which the 
top part of tlie cfiatnf)er dips, the if)int< being completed by a 
hydratihe seal of acid.' 

'I'he housing of tlie chamber de])ends on the nature of the 
climate. In England the roofs are always left open to the weatlier, 
the sides being protected by light wooden walls. In other eases, 
as in the north of France, Ilelgium and (k-rmany, the eliambers are 
cnelo.sed in buildings. Special arrangements for keeping the 
chamliers cool are in use.- 

'I'he life of a chamber depends largely on the mode of work- 
ing. I'he first chamber is exposed to the maximum wear and 
tear, those parts which become hotter, wear out first. The cham¬ 
bers should be well supported with straps and maintained in good 
repair, 'fhey may be repaired when necessary by cutting out 
the worn part and burning on a ])atch. The roof usually wears 
out first, then the part dipping into the acid at the bottom, while 
the lead saucer into which the chambers dip is the last to be 
replaced. iTom eight to ten y'ears may be stated as the normal 
life of the chambers; if carefully worked they may last twenty 
or even thirty years." 

The size of the chambers has already been considered (p. 


I (i Davis, f'. 1', l.')4.y.», Itlll’; afisl. J. S. C. t. KU.S. 32, VAl; C. A. 
I!II.|. 8 , 21(i; ClRTii. ZtK. Kep. 36, O. f'iommit, F. 1’. :tT.att7. 

T Kafiiiovvskv, D. K. I“. 2l).5(i4(l, l'.M2: C. A. I'II4, 8, KHI; Zt.s. aiig. Cfum. 
fill.'i 26, (ini'; Clum. Zvnlr. 1(114, 84, 11. lliSll; Zts. Scliivss. .Sprciu;. llll.i, 
8 , 47(1; Was. Jalir. I'll.'!, 59, 1. 477. N. Kraiitz D. F. 
al)st C A lillO. 10, 15. v. l.ippiiiaiiii, Cluni. Ztg. 11I1-, 3b, 4.io 

it laittsen, I). K. 1>. 2444(12. 1111(1; abst. J. S. C. L 1(112, 31 484; C. A i;.l2, • 
6 , 24(KI Zts. ang. Clicm. 1(112, 25, (114; Cluiii. Zvntr. 1(112, 83, I, (l.sS; (_liein. 
Ztg. Rep. 1(112, 36, 202; Wag. Jahr. 1(H2, 58, I. 47(.l; Mmi. lltll. 83, 
2(1,8 T. Oliver, I'. ,S. 1>. 12211.41(1. 11117; abst, J. S. C-. I. IHD. 36, 8,-; Aiiii. 
Rep. See. Cheiu. lad. 11117, 2, 17.8. M. .Schwab and 11. Goyiic 8;_.S.ms, 
K. I>. 24(11(1, 1(1(14; abst. J. .S. C. I. llUll. 23, (184. M. .Seeck', le 1 4,4.f(l_, 
1(114; abst. J. .S. C. I. Idba, 34, 71.'>. R. Wnislow and B. Hart, R. * • -*’-*'li- 
1(1((2- abst. J. .8. C. J. 1(104, 22, 11111. ,8. Barth, Zts. ang. e hem. l.Kl.l. 22, 
1(1.47; 11111.24, 144(1. B. Klippert, Clicin. Ztg. 1 ( 111 , 35, 04(1; Zts. ang. (.hetn. 
1(11 1, 24, 1.44.4. H. I’etcrsoii and 1. Ising. D. R. P. 21872(1; aiwt. W ag. Jahr. 
1111(1, 56 I, 411. (). Guttniann, J. S. C. 1. I(H)8, 27, (l(lo R. MonD 1 . 

1112.4, 111(111. tk S. B. 11811(14. F. B. 411,)()114. D. R. I-“f 
Trade J. Kill, 49, 4(14. 15. Hartmann Ges,. 15. B. IdUo '■•I'* /'; 7 ,, ‘ 

271(12(1. J. Harris and D. Thomas. 15. B. (i(12t>, IHbn akst J. f 
34, 12411. A. Nemes, K. B, 24224, 11114; abst. J. S. L. I. 1(11 , 33, 0.14. M. 
Seeck F B 1(11.87, 1(114. K. B. 474.402. J. Carmichael and F. tmillamiR, 
15. B. 'l.4(1711, 11114; abst. J. vS. C. I. 11114, 33, 8{(1. 

2. K. Hartmann and F. Bcnkcr, Zts. ang. Chem. IdOh, 19, l ib, abst. 

Chern. Centr, 1110(1, 77, I, 07,4. , 

4. A. Burgemeister, Chem. Ztg. 1.8,8d, 13, ll),l->; abst. Jahr. Chem, 

1,8811, 42, 2(140, 
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1204); it may be stated that, with the introduction of water- 
sprays, chambers have been made higher. The use of chambers 
of spe'eial shape will be discussed later. According to d. Gutt- 
mann,‘ in English practice it is usual to use chambers which are 
not very long, and taller than they are wide. 

Thfe combination of chambers into sets varies in different 
countries. The total space is almost invariably divided into 
several chambers, although Scheurer-Kestner''^ refers to a single 
chamber of 142,000 cu. ft. capacity, and states that it is quite 
unnecessary to divide the .space among several chambers. The 
actual mode of division varies considerably.Three or more 
chambers may be coupled in series, or two side branches in series 
may pass into a single chamber or set of chambers. In France 
and modem German works, three chambers are usual, in England 
four chambers are common. Subdivision of chamber space is 
useful in assisting in the cooling of the gases, but they should not 
be unduly small, on account of the increased amount of lead 
required.In English practice it is usual to allow 0.2 sq. ft. 
total surface (top, bottom, sides and ends) for every cu. ft. of 
chamber space. 

The chambers are joined by connecting tubes of lead, which 
pass from the end of one chamber to the opposite end of another, 
so that no dead space is left, and the gases travel straight through 
the chambers. Gas should enter the first chamber at the top, 
beyond tins opinions differ, some contending it is preferable to 
allow the gas to issue from the chamber at the bottom, and enter 
the next one at the top, while others hold the opposite view. 
If there is any peculiar advantage in any one system, it is prob¬ 
ably that in which the pipes enter and leave the chambers about 

1. J. S. C. I. 19ft3, 22, 1332. See also C. Grosse-I^eege, D, R. P. 
1(12218; abst. Zts. ang. Chem. 190.5, U, 1909. O. Niedeufuhr, I>. R. P. 
189&34. L. Promoiit, D. R. P. 191723; abst. Chem. Zentr. 1908, 79, I, 314. 
E. P. 4861, 1907. E. P. 375117. Belg. P. 190625, 1906, J. Eels. D. R. P. 
228696; abst. Chem. Zentr. 1910, 91, II, 1789. G. Luttgen, D. R. P. 244402; 
abst. Wag. Jahr. 1912, 58, I, 376. 

2. A. Wurtz, Diet. Chim. 3, 147. 

3. E. Benker and E. Hartmann, Zts. ang. Chem. 1906, 19, 137. O. 
Eliel, U. S. P. 860968. A. Marlow. U. S. P. 882330. R. Hasenclever, Chem. 
Ind. 1899, 22, 26. See also G. Lunge, Zts. ang. Chem. 1894, 7, 133. L. 
Pierron, Mon. Sci. 1900, 56, 563. E. Benker, D. R. P. 88388, 91260; abst. 
Ber. 1896, 29, 883; Wag. Jahr. 1897, 43, 423. 

14. E. Bode, Zts. ang. Chem. 1890, 3, 11. A. Schertel, Chem. Ind. 
1889,12,'80. A. Rctter, Zts. ang. Chem. 1891, 4, 4. , 
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midway in height. The connections are usually round pipes of 
lead, of 9-12-lb. weight, bound with iroji hoops, and wooden 
staves Ijetween these and the lead. The width of the pipe must 
be adapted to the quantity of gas conveyed; for 7 tons of pyrites 
daily a 2-ft. pipe is sufficient; for 9 tons, one of 2'/2-ft.; upwards 
of this 3-ft. is used, since more than 10 tons are rarely burnt in 
a single set of chambers.' 

The size of the individual chambers is usually given in cu. 
ft. per lb. of sulfur burnt as brimstone or pyrites per 24 hours. 
It is stated that for pyrites more space is required than for brim¬ 
stone, in the ratio 1:1.314. As to the capacity of the chambers 
themselves, divergent opinions and practice exist. (Generally 
speaking, the capacity will depend on the supply of niter used, 
and with the amount of nitrogen oxides in circulation, i. c., with 
so-called intensive working, the chamber space is less than for 
ordinary operation of the chambers, hor non*intensive« work¬ 
ing, with pyrites, 10-20 cu. ft. are allowed per lb. of sulfur burnt 
per 24 hours; with intensive working, 10 cu. ft. may be used. 
Another factor which influences the capacity is the size of the 
Glover and Gay-hussac towers.^ If the gases are more efficiently 
cooled by a good Glover tower, less chamber space is required. 

Intensive Working of Chambers. In recent years it has be¬ 
come increasingly the custom to work the chambers on what is 
called the intensive system. In this they are supplied with a 
stock of circulating nitrogen oxides greatly in excess of what is 


sufficient for ordinary working. This was first introduced in 
Krench factories. In German works the chamber space is cut 
down to about 14 cu. ft. per lb.; in British practice 10 cu. ft. is. 
common for intensive working. Considerable discussion has 
arisen on the relative advantages of the old and the intensive 
systems of working.^ The consumption of niter has been stated 

I E. Hofling, U. R. P. 2026;il; abst. Cheiii. Zeiitr. 1908. 79, 11, 16.S;j. 
R. Winsloe and B. Hart, E. P. 20910, 1902 H. Hcgeler and N Hemz, 
U. S. P. 728914. 752.377. E. P. 254, 1904. J- hagache, F. P. G. 

and A. Davis, E. P. 20012, 1904. H. 

J. S C 1.1909,28,338. R. Cellarius, D. R. P. 10074.), l^OJ/. 

2. .See C. Wright, Chem. News, 1807, M, pj--j'- 
Jahr. 1899, 45, 370. Alkali Inspectors Reports, M, 48; a, -0. 

3. See. L. Pierron. Mon. Sci. 1900, 55, 407 . a (mttmann, J- 
I. 1903, 22, 1.334. H. Petersen. Zts. ang. Chem. 1907, M, 1 

A. Nemes, Zt.s, ang. Chem. 1911. 24, 387,15(H. E. Hartmann, Za ang^her"- 
1911, 24, 2302. F. Liity and H. Niedenfiihr, Zls. ang. them. 1J0-, 15, 242. 
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to be higher, and lower, with intensive' working, and nothing 
definite can be asserted. The cost of repairs appears to be higher 
with intensive working. Lunge' in considering this discussion, 
states that the method is extending, and most modern works seem 
decidedly in favor of the intensive system. 

Otlier proposals for diminishing the chamber space, besides 
the use of special types of chambers (to be considered later), in¬ 
clude: the use of pure oxygen instead of air in the chambers,- mix ¬ 
ing apparatus in the chambers," and arrangements for cooling.' 

The Moritz Chambers. In the system patented by R. Mor¬ 
itz" the chamber building is constructed of iron or reinforced 
concrete, and the roof is proportioned to carry the whole weight 
of the chambers. The top of the chamber is arched and secured 
to the roof by iron hangers. Wooden or other supports are thus 
entirely eliminated, whereby much better cooling is claimed, with 
conseqifently less wear and tear on the lead. The chamber walls 
are similarly suspended so as to allow of expansion without undue 
buckling. The hangers are attached to straps of lead burnt on 
to the chamber walls. It is alleged that better cooling, more 

F. Liity. Zts. aiig. Chum. IStO.i, 18, 1257. W. Hess, Zts. aiig. Chum. 190.5. 
18, .‘176. H. Schmidl, Zts. aiig. Chem. 1908. 21, 240. (). Prodss, Chem. 
Ztg. 1910, 34, 11122. C. Opl, Zts. ang. Chum. 1909, 22, 1961. M. Hasuii 
clever, J. S. C. I. 1911, 30, 1292. Sue also 47th Official Report on Alkali 
Works, 1911, 15. 

1. G, Lunge, "Sulfuric Acid and Alkali,” Itli Kd. 1, 647. 

2. T. Tcrull, W. Hogg and J. Tomlinson. K. F. 3116, 1.871. A. and L. 
Brin, K. P. 12070, 1886. G. Lunge, K. P. 3117, 1888, A. Suheurer Kestner, 

, Bull. vSoc. Ind. Mulhouse, 1890, 276. 

3. O. Kliul, IL S. P. 860968. R. Fvurs, I). R. P. 1.51723; ahst. Wag. 

Jahr. 1904, SO, 1, 616. T. Richters, D. R. P. 152.52; abst.. Wag. Jahr, 18.81, 
27, 162. N. Pratt, 1!, P. 48.56, 1895. U. S. P. 652687, 6.52688, 652689, 
052690. 15. P. 107.57, 1899, O. Guttmann, J. S. C. 1. 1903, 22, 1332. H, 

Balje, D, R. P. 2.37561, 240174. 15. Hartmann, Chem. Ztg. 1897, 21, 877. 

. Ward, E. P. 1006, 1801. 

4. F. Blau, D. R. P. 9.5083, L. Fromont, E. P. 4801, 1907. H. R. P. 
191723. K. Walter and E. Boeing, D. R. P. 71908; abst. Bur. 1.894, 27, 
17.5-R. Brulfer, F. P. 220402; abst. Mon. Sci. 1893, 42, .53. G. Nicdenfiihr, 
1). R. P. 241894. Sue H. Borntniger, Chum. Ind. 188.5, 8 , 386. J. Mactear, 
J. S. C. I. 1881, 3, 228. 

.5. U. S. P. 981103; abst. J. S. C. I. 1911, 30, 130; C. A. 1911, 5, 1173. 
E. P. 11128, 1909; abst. J. .S. C. I. 1910, 29, 7.57. E. P. 1317.5, 1912; abst. 
C. A. 1913, 7, 3821; J. S. C. I. 1912, 31, 1180. F. P. 39.5094, 444474; abst. 
J. .S. C. I. 1912, 31, 1124; C. A. 1913, 7, 1.591; Chem. Ztg. Rep. 1913, 37, 62. 
Bulg, P. 215408, 1909 ; 256.581, 1913. D. R. P. 23.5800; abst. C. A. 1911, 5, 
3.5<K1; Zts. ang. Chem. 1911, 24, 1446; Chem. Zentr. 1911, 82, H, 238; Chem. 
Ztg. Rep. 1911, 35, 374; Wag. Jahr. 1911, 57, I, 410; Zts. .Schiess. Sprung. 
1911, 6 , 334. A detailed description of the Moritz chambers is given by S. 
Barth, Zts. ang. Chem. 1909, 22, 1937; abst. C. A, 1910, 4, 648. 
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efficient equalization of temperature within the chambers, less 
solvent action on the lead cheaper and more rapid construction 
and greater economy of niter result from this system. 

The chambers are preferably circular in section or square 
with rounded corners. Since no wood is used the plant is fire 
proof. 

Details of plants constructed on this system have been given 
by Klippert' and T. Norton." The chamber plants erected by the 
Simon-Carve.’ firm are on the Moritz principal. Moritz has also 
described reaction towers, and rotary jiyritcs burners. ' 

The Niedenfiihr Chamber. N'edenfiihr describes'’ a lead 
chamber in which the gases take a spiral course, an arrangement 
which is claimed to lead to more energetic reaction. Dead spaces 
in the chamber arc eliminateil, and as the whole of the space is 
utilized, it is claimed that a reduction of the chamber capacity 
results. A circular chamber is employed, in which partitions are 
following a spiral course. These serve both to impart a vortical 
motion to the gas and also to collect liquid which condenses in 
the chamber. The spiral partition may commence from the 
outer wall, or may be separated from it. Ihe construction is of 
cylindrical or conical perforated earthenware packing bodies. 
The entering gas impinges on these bodies, and partly passes 
through them. 'I'he droplets of acid collect inside the bodies and 
run down to the bottom of the chamber. It has been stated that 
by the use of this system an output double or treble that obtained 
in ordinary chambers may be attained. 

Falding’s Chamber. A new type of sulfuric acid chamber 
was introduced in l',K)l) by h'. Falding of New York," who eiji- 


1. Zts. ant!. Chom. IPII, 24, PM.'’); abst. C. A I'.tll, 5, ,%S2. 

2. Chem, Trade J. 49, -tiKi. J. )nd. Kng. Lhem. Iiil2, 4, M-; abst. , 

Da's* World, Coking and By-Products Sect. ttUO, 65, 14; 
abst. C. ^ ’j.f p 4 , 52877 ; abst. C. A. 1914, 8 , iilO:!; Ckcm. Ztg. Rcii. 

1914, M.jio8. 1907; abst. J.S.C. 1.1908,27,280. I). R^P. 241894, 

1910; abst. C, A. 1912. 6, 21.42; Zts. ang. Chem, 1912, fS- 

1912, 83, I, 295; Cliem. Ztg. Kcp. 1912, 36, 1 -t; Wag. Jahr. I.H 1, 57, I, -11. . 

Zts. Schicss. Sprctig. 1912, 7, 

V) V vS. P. 932771, UK)9; abst. them. Ztg. Rep. 

Sci 1910 73, 82. H. P. 20452, 1909; abst. J. S. C. I. 1910. 29, PRO- F- P- 
41(i.5.4li; abst! Mon. Sci. 1918, 79, 72. p. R. P. ®’ 

21.')1; Zts. ang. Chem. 1912, 25, 1.87; Chem. Zentr^ 

Ztg. Rep. 1912, 36, 8 ; Wag. Jahr. 1911, 57, I. 418; Zts. bchiess. Spreng. l.)U. 
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ploys but a single chamber, together with "a cooler, but this is 
much higher, viz., up t^ 70 ft., than has been used before, and 
has a horizontal section of 50 x 50 ft. In this tall chamberr, con¬ 
vection currents are set up, the reacting gas rises and passes to 
the top of the chamber while the inert gases fall to the bottom. 
The reaction can be completed in one chamber, but the exit gas 
is too hot to pass directly to the Gay-Lussac tower and requires 
to be forced through a cooler. It also contains an excess of mois¬ 
ture, and must be dried. This cooling and drying plant can, 
however, be installed much more economically than additional 
chambers. A saving of about 40% in lead is claimed over or¬ 
dinary chambers, and the chamber space reduced to about 7 
cu. ft. per lb. sulfur per 24 hours, the average niter consumption 
being given as 4%. The chamber is erected on a slab of rein¬ 
forced concrete, covered with smooth asphalt, to receive the 
bottom of the chamber. The side pillars are of steel, connected 
by angle-iron-horizontal bars, which are fastened to the sides of 
the chamber by continuous lead strips burnt on the latter. The 
gases pass through the Glover tower, then to the chamber, then 
to a small cooling tower, entering at the top in both cases, and 
finally to a Gay-I,ussac tower, the latter and the. Glover 
tower being cooled by water. 

At Copper Hill, Tenn., there are 30 Falding chambers in 
operation,’ and other smaller installations have been erected 
which are stated to be operating efficiently. 

• The Mills-Packard Chamber. W. Mills, C. Packard and H. 
Packard & Co., of Ipswich, EnjJland, employ a chamber shaped 
like the frustum of a cone or pyramid, and cooled by water flow¬ 
ing over the exterior.* This cooling is preferably performed by 
•a series of perforated pipes surrounding the chamber at different 

7.78. Bcig. P. 22082.3, 1909. .See Eng. Min. J. 1909, 441; J. S. C. I. 1909, 
28, 10.32; abst. C. A. 1910, 4, 122.3. H. Petersen, Zts. ang. Chem. 1911, 24, 
880, 1811. T. Meyers, Zts. ang. Chem. 1911, 24, 1.320. R. Hoffmann, Chem. 
Ztg. 191.3, 37, 1271. A. Nemes, Zts. ang. Chem. 1911, 24, 387; Chimistc, 
1911, 2, 177; abst. C. A. 1911, S, 2914. See also Anon., Eng. Min. J. 95, 
318; abst. C. A. 1913, 7, 1.387. 

1. F. Falding and W. Cathcart, J. Ind. Eng. Chem. 1913, 5, 223; abst. 
C. A. 191.3, 7, 1956; J. S. C. I. 1913, 32, 360. 

2. E. P. 12067. 1913; abst. J. S. C. I. 1914, 33, 692, E. P. Appl. 872, 

1918. E. P. 1248.32; abst. J. S. C. I. 1919, 38, 272-A. U. S. P. 1112546; abst. 
J. S. C. I. 1914, 33, 1047. U. S. P. 1312741, 1312742; abst. J. S. C. 1. 1919, 
38, 720-A; C. A. 1919, 13, 2576; F. P. 492366. ' 
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heights to form a number of cooling zones. The water from eaeh 
zone flows into a corresponding gutter, Mich also surrounds the 
chamber itself and, being attached to the main framework as well 
as to the chamber, helps to support the latter. In this way the 
temperature may be kept constant in tlie dilTerent seasons. The 
gas from the (Hover tower divides into four eciual parts, which 
pass into equally spaced inlets to the bottom of the first chamber. 
The gases leave the chamber from an opening centrally placed 
at the top, the succeeding chambers being similarly arranged. 

The diameter of the chamber is not constant, but dimin¬ 
ishes from the bottom upwards, jireventing the tendency of Hie 
gas to become rarefied as it deposits liquid in the chamber, and 
also by cooling. Considerable importance is attached to this 
condition by the inventors. 

It is stated that a very large production of acid is obtained, 
viz., only h cu. ft. per lb. of sulfur burnt per 21 hours, a*s against 
10 15 ft. in ordinary chambers. There is economy in lead and floor 
space, and increased cooling surface. 

These chambers have been erected in lingland at dilTerent 
works, and appear to have given satisfaction.* 

Tangential Chambers. T. Meyer- has devized circular cham¬ 
bers, with inlet pipes adapted tangentially on the upper part of 
the sides, and the outlet pipe centrally in the bottom. This 
causes the gases to traverse the chambers in a spiral manner, 
rapid at the periphery, slower towards the center, so that they 
cover a greater distance and are better mi.xed than in an ordinary* 
chamber. By impinging on the cooler walls of the chamber the 
gases also tend to deposit the sulfuric acid formed, which IcaHs 
to an acceleration of the reaction in the chamber. 

The system was later improved by the inventor* by eoinbin-* 

1. Sec Chein. Trade J. 1IU5, 57, l.'Ii. Sec P. Tnicliot, liui. Cliiiii. min. 
met. 1910, 6, 57; abst. C. A. 1919. 13, KiOl. 

2. D. R. P. 220792, 1910; abst. C. A. 1911, 5, 1.701; Zts. aiiir- Chcin. 
1910, 23, 2340; Clicm. Zciitr. 1910, 81, II, 1344; Jalir. Chem. 1910, 63, I, 
524; Chem. Ztg. Rep. 1910, 34, 543; Wag. Jahr. 1910, 56, 1, 400; Mon. Sci. 
1912, 77, 242; Zts. .Schiess. Spreng. 1910, 5, 440. 11. R. P. 1S0104. 1900; 
abst. J. S. C. I. 1908, 27, .502; C. A. 1908, 2, 100; Zts, ang. Chem. 1908, 21, 
794; Chem. Zentr. 1907, 78, II, 7.55; Jahr. Chem. 190.5 1908; I, 1011; Chem. 
Ztg. Rep. 1907, 31, 324; Wag. Jahr. 1907, 53, 1, 331; Mon, ,Sci. 1909, 71, 
153. P:. P. 18370, 1898; abst. J. S. C. I. 1899, 18, 494. Belg. P, 137407, 
1898; 104791, 1902. 

3. T. Meyer, Zts. ang. Chem. lOtKl, 13, 742; Chem. Ztg. 1900, 24, 001; 
abst. J. S. C. I. 10(X\ 13, 823. 
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ing the first (hottest) chamber with a cooling system, composed 
of 43 lead pipes 2" to wide, suspended in water-lutes from 
the roof and hanging down inside the circumference to af depth 
of S-10 ft. T. Meyer' also suggests charging these tubes (in¬ 
sulated) alternately, positively and negatively, and using them 
for electrostatic precipitation of acid fog. 

Meyer’s chambers have been installed at Harburg, at the 
Nord-deutsche Chemischc Fabrik, and at the Chemische Diinger 
Fabrik. They are If) m. diameter and <S m. high, in a set of three, 
with Glover and Gay-Lussac towers. 

Particulars of production' indicate that what is attained is 
favorably comparable with good t)rdinary chamber plants work¬ 
ing on the intensive system. G. Guttmann" states that Meyer’s 
tangential chambers have been a success, and A. Nemes states 
that 39 factories had been erected on this princijile np to 1911. 
The initial cost of plant is rather high on account of the use of 
iron frames, but there are compensating advantages. Meyer 
guarantees a production of 11.(i cu. ft. chamber space per lb. 
sulfur, with a niter consumption of 3 ';y , figures which have been 
verified by Guttmann.' 

J. Harris and D. Thomas' use a circular chamber with a 
tangential inlet pipe at the bottom, inside of which is a central 
hollow column extending upwards from the pan and opening at 
the upper part in the chamber to form an exit pipe for the gases. 
The central column may be cooled by sprays of water or weak 

• acid directed against it, or by adjacent water-cooled pipes, and 
the last chamber of the series nlay be packed and supplied with 
acid, thus replacing part of the absorption tower at the end of 
the system. G. Liittgen also advocates semi-cirailar or polygonal 

* roofs and bottoms, the latter being perforated to keep them free 
from acid. The inlet tube is tangential and placed oppo.sitc to 

1. Zts. ang. Chcni. 191)1, 14, 124.5; abst. J. S. C. I. 1902, 21, 114. 

2. Zts. ang. Chem. 1902, 15, 151. T, Meyer, Chem. Ztg. 1899, 23, 
296; Zts. ang. Chem, 1899, 12, 6.56; 1900, 13, 739; 1904, 17,477. Also pam¬ 
phlet. Das Tangential-Kammer.system, Offenbach, 1904. 

3. J. S. C. I. 1903, 22, 1332. vSec also Zts. ang. Chem. 1911, 24, 391. 

4. T. Meyer, Zts. ang. Chem. 1904, 17, 926. W. Hess, Zts. ang. Chem. 
1905, 13, 376. H. Hartmann and F. Ilenkcr, Zts. ang. Chem. 1904, 17, .5.54. 
K. Beskow, Zts. ang. Chem. 1908, 21, 2312; abst. J. S. C. I. 1908, 27, 11.50. 
A. Names, Zts. ang. Chem. 1911, 24, .392. 

.5. B. P. 104461, 1916; abst. J. S. C. I. 1917, 36, .502; Ann. Kep. Soc. 
Chem. Ind. 1917, 2, 178. 
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the outlet tube, which may eitlicr be tangential or central.' 

A tangential chamber system is d<iscribed by I,, 'riiicle.- 
T. Meyer" suggests, as an ideal plant, a tangential chamber serv¬ 
ing to mix the gases from the burners and separate dust, followed 
by two Cilover towers, one for denitrating and the other for con¬ 
centrating the acid, then a tangential chamber with coolers, and 
finally one or two plate-towers to remove mist, before the ga.ses 
pass the Gay-bussac tower(s). He is in accord with the most 
improved practice in recommending ;imi)le Gay-I.ns,sac sjiace. 

Intermediate Reaction Towers. The s])ace reejuired for the 
production of acid in the chamber process may be reduced bv the 
introduction of cooling and mixing towers between the chambers, 
and in some cases the cluimbers may be entirely dispensed with, 
and the whole process carried out in the towers. 

Reaction towers were proposed by J. Th>’ss,'' and improved 
by Iv. vSorcl," but were adapted to ])ractical use by G. ?Ainge'' in 
collaboration with b. Rohrmann.’ 'I'licse so-called bnngc timvrs, 
or plate loieers, have been largely applied in the eonstruction of 
modern plants by (). Niedenfithr" and bv F. biity." .\ dilTercnt 
type of reaction tower is that of 1'. Hacker and P. Gilchrist."’ 
Other investigations on the reaction tower have been made by 

1. G. UittK'eii, D. R. I>. 244102, 1010; ahst. C. A. 1012, 6, 2.'!00; Zls. 
alls. Cliem. 1012. 25, (il.'i; Clum. Zeiitr. 1012, 83, 1. OAS; Clieni. Ztfj Re|i. 
1012, 36, 202; Wag. Jalir. 1012. 58, J, :!70; Mon. Sci. lOlli, 83, 20H; Zts. 
Schiess. Spreng. 1012, 7, 184. 

2. V. .S. P. 1207012; ah.st. C. A. 101.8, 12, 1817; J. S. C. I. 1018, 37, 
nOO-A. 

8. Zts. ang. Clu-m. 1001, 14, 124.'>; abst. J. .S. C. 1. 1002, 21, 114. ’ 

4. D. R. P. .■10211; abst. Wag. Jalu. 1.8,87). 31, 21ti. E. P. 0317. 18.84; 

abst. J. S. C. I. 1,8.8."), 4, 408. .See G, l.nngc, Zts. ang, Clu-m. 1.8,80, 2, 207), 

270. J. Hannav, Iv. P. 14247. 1.8,80; iibst. J. Hoc Dvers Col. 1.8.80, 2, 210.» 

7). Bull. Soc. bid. Mulhoiise, 1.8,80, 240; J. S. C. 1. 1.800, 9, 17,7. 

0. Zts. ang. Chciii. 18.80, 2, .'18.7. li. Hartmann, Zts. ang. Cheni. 1011, 
24, 2303. P. Hofmann, Zts. ang. Clu-m. 100.7. 18, 407. " 

7. 1!. P. 103.7.7, 1.8.8,7; abst. J. S. C. I. 18.80, 5, 108. E. P. 10037. 18.80; 

abst. J. S. C. I. 1.887, 6, 507. K. P. 00.80, 1,8,80; abst. J. S, C, 1. 1800, 9, 710. 

G. Eimgo, Bur. 1881, 14, 22tK), 

8, D, R. P. 200820. 1000; abst. J. H. C. I. 100.8, 27, 030; Zts. ang. 
Chem. 1008, 21, 2041; Chem. Zentr. 100.8, 79, 11, 0.74; Jalir. Clu-m. 100.7 
1008, I, Kill; Chem. Ztg. Rep. 1008, 32, 4.72; Wag. Jalir. 1008, 54, 300; 
Chem. Zts. 1008, 7, 07-1; Zts. Schiess. bpreng. 1008, 3, 37-1. See Chem. Ztg. 
1807, 21, 170; 1.800, 20, 31. Zts. ang. Chem. 1000, 13, 000. 

0. Zl.s. ang. Chem. 1807, 10, 4,81; abst. Whig. Jalir. 1.807, 43, 425. 

10. E. P. 1.7805, 1.803. H. S. P. ,703,847, 1.803; abst. J. S. C. I, 1803, 

12, 1032; J. A. C. vS. 1803, 15, 470. Cf. also J. S. C. I. 1.804, 13, 1142; bSOO. 

18, 401. R. Winsloe and B. Hart, It. P. 20112, 1001; abst. J. S. C. t. 1002, 
21, 1183. B. Hart and G. Bailey, J. S. C. I. 1003, 22, 473. 

0 
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H. Rabe,' F. Benker,* H. Niedenfiihr,’ R. Cellarius/ M. Schwab 
and H. Greene & Sons,® 0. Niedenfuhr,® F. Brandenburg,' A. 
Wilhelnh,® I. Idhme, and The Graselli Co.,® J. Graham,J. 
Moscicki," J. Broome,*' E. Hartmann,*® IJ. Petersen,** and H. 
Vollberg.'® A considerable amount of attention has therefore been 


1 . Zts. ang. Chem. 1903, 16, 437; abst. Chem. Centr. 1903, 74, I, 1446. 

2 . V. P. 238872; abst. Mon. Sci. 1895, 46, 57. 

3. Chcra. Ztg. 1897, 21, 176. Cf. Chem. Ztg. 1896, 20, 31; abst. J. ,S. 
C. I. 1896,15, 541. 

4. D. R. P. 166745; abst. Zts. ang. Chem. 1906, 19, 1942; Chem. 


Centr 1906, 77, I, 420; Jahr. Chem. 1905-1908, I, 1612, 1613; Chem. Ztg. 
Rep. 1906, 30, 21; Wag. Jahr. 1905, 51, 1, 395; Chem. Zts. 19(Xi, 5, 368. E. P. 
220fW, 1905; abst. J. S. C. I. 1906, 25, 696. F. P. 360634; abst. Mon. ,Sci. 

1906, 65, 142. D. R. P. 18;1097; abst. Zts. ang. Chem. 1908, 2L, 795; Chem. 
Zratr. 1907, 78, 11, 651; Jahr. Chem. 1905-1908, I, 1613; Chem. Ztg. Rep. 

1907, 31, 168; Wag. Jahr. 1907, 53, I, 335; Mon. Sei. 1909, 71, 1.54; Zts. 
Schiess. Spreng. 1907, 2, 194. 

5. E. P. 24619, 1903; abst. J. S. C. 1. 1904, 23, 98;i. 

6 . D. R. P. 189238; abst. Zts. ang. Chem. 1908, 21, 794; Chem. Zentr. 


1907, 78,41, 1949; Jahr. Chem. 1905-1908, I. 1251; Chem. Ztg. Rep. 1907, 
31, 549; Wag. Jahr. 1908, 54, 1, 370. D. R. P. 189330; abst. Zts. ang. Chem. 
1908 ^ 794; Chem. Zentr. 1907, 78, 11, 1951; Jahr. Chem. 190.5-1908, I. 
1611; Chem. Ztg. Rep. 1907, 31, 549; Wag. Jahr. 1907, 53, I, 332; Chem. 
Zts. 1907, 6 , No. 367; Zts. Schiess. Spreng. 1907, 2, 435. D. R. P. 189834; 
abst. Zts. ang. Chem. 1908, 21, 794; Chem. Zentr. 1907, 78, II, 19.53; Jahr. 
Chem. 1905-1908, I, 1611; Chem. Ztg. Rep. 1907, 31, .586; Wag. Jahr. 1907, 
53, I, 332; Chem. Zts. 1907, 6 , flo. 362. D. R. P. 200820; abst. Zts. ang. 
Chem. 1908, ^ 2041; Chem. Zentr. 1908, 79, II, 654; Jahr. Chem. 1905- 

1908, I, 1611; Chcra. Ztg. Rep. 1908, 32, 452; Wag. Jahr. 1908, 54, I, 369; 
Chem. Zts. 1W8, 7, 974; Zts. ikhiess. Spreng. 1908, 3, 374. 

7. E. P. 7116, 1907; abst. J.vS. C. I. 1907, 26, 1272. U. S. P. 8,59427, 
1907; abst. J. S. C. 1.1907, 26, 862. D. R. P. 189830,1906; abst. Chem. Zentr. 


1907, 78, II. 1947. 

g. D. R. P. 184842; abst. Chem. Ztg. Rep. 1907, 31, 271. 

, 9. U. S. P. 852390; abst. Chem. Ztg. Rep. 1907, 31, 255. 

10 . E. P. 6051, 1902; abst. J. S. C. I. 1903, 22, 907. E. P. 10814, 1906; 


abst. J. S. C. I. 1907, M, 406. 

11 . D. R. P. 2.36.385; abst. C. A. 1912, 6 , 1970; Zts. ang. Chem. 911, 
24: 1534; Chem. Ztg. Rep. 1911, 35, 442; Wag. Jahr. 1911, 57, I, 652. D. 
R. P. 234259; abst. C. A. 1912, 6 , 1825; Zts. ang. Chem. 1911, 24, 1097; 
■ Chem. Zentr. 1911, 82, I, 1618; Chem. Ztg. Rep. 1911, 35, 302; Wag. Jahr. 


1911, 57, 1, 652. 

12. U. S. P. 8.50517. 

13. D. R. P. 282747; abst. Zts. ang. Chem. 191.5, 28, 206; Chem. Zentr. 
191.5, 86 , I, 715; Chem. Ztg. Rep. 1915, 39, 114. E. Hartmann and F. 
Benker, D. R. P. 284636; abst. Zts. ang. Chem. 1915, 28, 364; Chem. Zentr. 
1915, 86 , II, 168; Chem. Ztg. Rep. 1915, 39, 244; Mon. Sci. 1917, 84, 77; 
Ann. Rep. Soc. Chem. Ind. 1916, 1, 110. Cf. Feigensohn, Chem. Ztg. 1906, 


«PVf OJi,. 

14. E. P. 27738, 1907; abst. J. S. C. I. 1908, 27, 981. U. S. P. 908696, 
1909; abst. J. S. C. I. 1909, 28, 140; Chem. Ztg. Rep. 1909, 33, 90; Mon. Sci. 
1909, 71, 116. 

15. D. R. P. 265724; abst. C. A. 1914, 8 , 409; Zts. ang. Chem. 1913, 
26, 684; Chem. Zentr. 1913, 84, II, 1629; Chem. Ztg. Rep. 1913, 37, 597; 
Wag. Jahr. 1913, 59, I, 505. 
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given to this subject recently by numerous investigators. 

According to Lunge the action of thj plate towers is chiefly 
concerned with the retention of the liquid droplets of acid, which 
are produced in the reaction, and in the ordinary chamber float 
about in the form of a fine mist, by striking the plates of the 
tower. The temperature inside the tower is kept from rising too 
high by a spray of water or dilute sulfuric acid, which is also 
required in the chamber reactions. 

The use of towers for the manufacture of sulfuric acid had 
been proposed at an early date by W. Gossage,’ W. Petrie,- M. 
Adouin and E. Pelouze,’ and A. de Ilcmptinne.^ The credit of 
bringing these into successful use, however, undoubtedly is to be 
ascribed to Lunge. 

The Lunge tower consisted originally of a column of stone¬ 
ware cylinders filled with special plates. The later type consists 
of a lead shell, of circular or rectangular section, packed with 
stoneware plates supported on bearers in such a way that each 
plate is independent of the others and rests on the horizontal 
ledge of its own bearer, the pre.ssure of the superposed plates 
being taken by the vertical parts of the bearers. Inlet and out¬ 
let pipes, acid feed, etc., are provided. 

Each plate is covered with a network of small ledges, and 
in each of the squares so formed is a perforation with a somewhat 
raised margin. The height of the margin is not quite so great 
as the ledges, so that a layer of liquid about ‘/g in. deep remains 
on the squares, the excess dropping through the perforations.. 
The position of the holes dilTcrs in successive plates, so that to 
each perforation in one plate there corresponds the point of union 
of the ledges in the plates above and below. In this way the 


1 li P. 107, li. P. 2.509, 1857. E. P. 990, 1,8,50. 

2 . E. P. 1985, 1800. 

;j. E. P. 109, 1873, , ^ „ 

4 . E. P. 2807, 1,874. Sec also K, Ifeintz, Zts. anx. Chem. UOb, U, 
705. Chem. Kabr. Gricsheim-Elektroii, Aust. P. .52178 
P. 218779, 1908; abst. C. A. 1910, 4, 20:!2. IX R. IX 220010 , 1J08, abst. 
C A 1911 5. 1320. D. R. P. 287784, 1913; abst. C. A. 1910, 10, 2028. 
e! P. 23442, 1009; abst, C. A. 1911, 5, 2700. U. S. P 10489.53, 1^12; I'- 
406041, 1909; abst. J. S. C. I. 1910, iS, 487; 

1666. Metallbank u. Metallurgische Ges. and H. Kleucke, 1). R. P. -84.19,, 
1913- abst. J. vS. C. I. 1915, 34, 1091. Maurecourt, Engrais 26, 9Jo, abst. 
C. A. 1912, 6 , ,535. E. Hoefling, D. R. P- 28U3.5, 1912; T 
1915, 34, 611. H. Kleucke, E. P. 2,5027 1909; absd. G. A- 191 b 5, 103. 
F. Curtins & Co., D. R. P. 29.5708, 191;^; «l>%t T, f; 

A. Foster, U. S. P. 1277896; abst, C. A. 1918, 12, 2414. 
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liquid is prevented from running straight through, hut is divided 
into drops. The absoijhing surface consists, therefore, of the 
thin fihn-of liquid on the plates, and the surface constantly re¬ 
newed by the scattering of liquid about the plates. 

The gases and vapors passing up the tower are divided into 
a number of jets by the holes in the plates, and the gas leaving 
one hole impinges on the solid places of the plate above; where 
small drops are deposited. The direction of flow of the gas is 
also constantly changed, so that by this motion of liquid and 
gas, a very intimate contact is attained. It is claimed that in 
this way a more intimate contact is obtained than in a coke 
tower. It is stated that a plate tower does ten to twenty times 
as much work as a coke tower of the same cubic space. If 
obstruction occurs, the tower is flushed with water. 

By flooding the tower with weak acid or water, the 
temperature is kept down to 7()°-S(J°. 

Bunge advizes the use of the towers as follows: Since most 
of the acid is made in the first part of the chamber, the back of 
the chamber is cut out, leaving only about 50 ft. from the Glover 
tower, and replaced by a plate tower of sufficient section and 
containing 40 plates. 'Hiis will be about IS ft. high. A smaller 
chamber, say SO ft. long, follows the tower, then another plate 
tower, another small chamber for drying the gases, and at the 
end a plate tower arranged as a Gay-Lussac tower. The first 
part of the chamber is retained because there the production of 
iicid goes on very efficiently, i. c., in a comparatively small space. 
This design has also been adopted by O. Niedenfiihr,' who men¬ 
tions in addition the possibility of flue dust, and the high tem¬ 
perature interfering with the operation of the tower. The dust 
4 >robleni also prevents towers of this type being substituted for 
the Glover tower, although a few tiers of plates with '/ 2 -in. holes 
may with advantage be placed in the upper part of the Glover. 
In one works," the last chamber of a set, having a capacity of 

1. D. R P. 200S20, I'.IOO; ahst. J. S. C. I. lfH)8, 27 , 9.49; Zt.s, ang. 
Chem. 1908, 21, 2041; Clicm. Zentr. 1908, 79, II, ti.M; Jahr. Clictn. lOO.'i- 
1908, I, 1611; Chem. Ztg. Rep. 1908, 32, 4.52; Wag. Jahr. 1908, 54, 369; 
Chem. Zts. 1908, 7, 974; Zts. .Schiess. Spreng. 1908, 3, 374. >Sce Chem. Ztg. 
1897, 21, 176; 1896, 20, 31. Zts. ang. Chem. 1900, 13, 960. 

2. D. R. P. 200820, 1906; abst. J. ,8. C. I. 1908, 27, 939; Zts. ang. 
Chem. 1908, 21, 2041; Chem. Zentr. 1908, 79, II, 654; Jahr. Chem. 1905- 
1908, I, 1611; Chem. Ztg. Rep. 1908, 32, 4.52; Wag. Jahr. 1908, 54, 369; 
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cu. ft. was replaced by a plate tower of 2.)() plates in Hi 
layers, without diminisliin>< the production. Kadi plate made 
22.4 Uis. of acid per 24 hours, or about 14 lbs. per cu. ft. of space 
lilled with plates, which is about 100 times the jiroductiou of 
chambers. 


1 he horizontal sections of KuiiKe towers may be taken from 
the following table: 


S Imriit ptT 21 Iiotirs 
I'p l<) I ton 
KrotJi 1 to 2tons 
l‘'rom 2 to 5 tons 


K<». of phHfs per 

ton S Imrnt to replace 

cliiimHcrs in 

•lifTeretil parts of 

the 

system 

In front 

Midclle Rear 

12 

10 0 

]2-]() 

10-8 0 .5 

lO-G 

.8-5 5 4 


The numlier of layers for a given production may bo cal¬ 
culated as follows: In the first third of the system, where the 
plates are at a treble distance from one another (:i x 2', 2 in.), each 
plate may be as.sumed to jiroduce in 21 hours 10 12 kg^i. H2SO4. 
In the second layer, at double distance. (2 x 2 V '2 in.), each plate 
makes ti S kgm., while in the third layer, at single distance 
( 2‘/2 in.), each plate jiroduces 1.2.')-2 kgm. acid. Niedenfiihr 
proj)oses to replace the chambers altogether by towers, but this 
system will be considered under the Opl tower plant (p. 122.4). 

h'. Hacker and P. (lilchrist' employ instead of plates, air-cooled 
lead pipes running horizontally across the tower, and are said to 
be quite satisfactory. The systems of R. Winsloe and B. Hart, 
and B. Hart and (1. Bailev,- are similar, K. Benker'* replaces 
Lunge plates by earthenware cylinders. Ilein/P proposes Gutt- 

Chem. Xts. HHtS. 7, 1174; Zts. .Schicss. .Sproiiii. IIIO.S, 3, 374. .See Clieiii ZIk. 
181.17, 21, 17(i; 1,Silt). 20, 31. Zts. aiiK'. Cliem. IIKK). 13, 9110. 

1. K. P. 1,5811.'), 1893. ti. .S. P. r)():!.S17. 1893; abst. J. S. C. I. 1893, 
12, 1(132; r. A. C. ,S. 1,893, 15, 17(1. Cf. also J. S. C. I. 1894, 13, 1142; 1.899, 
18, 4(11. K. Winsloe and B. Hart. K. P. 20142, 1901; abst. J. .S. C. 1. 1902, 
21, 1183. n. Hart anti G. Bailey, J. S. C. I. 11)03. 22, 473. 

2. Iv. P. 1.5.811.5, 1,803. H. .S. P. 503847, 1893; abst. T. .8. C. 1. 1.893, 

12, 1032; J. A. C. .S. 1.893, 15, 47(). Cf. also J. ,S. C. I. 1894, 13, 1142; 1899, 

18, 401. K, Winsloe and B. Hart, It. P. 20142. 1901; abst. J. S. C. I. 1902, 
21, 1183. B. Hart and (i. Bailev, J. .S. C. I. 190.3, 22, 473. 

3. P. P. 238,872; abst. Mon. Sc'i. 1.89.5, 46, .57., 

4. 1C. P. 2807, 1.874, See also H. Heintz, Zts. ang. Chetn. 1900, 19, 

70,5. Clieni. Pabr. Gricsheim-IClektron, Aust. P. 52178. .52179, 1910. D. R. 
P. 21.8779, 1908: abst. C. A. 1910, 4, 2032. I). K. P. 220010, 190.8; abst. 

C. A. 1911, 5, 1320. D. R. P. 2,877.84, 1913; abst. C. A. 1910, 10, 2028. 

IC. P. 23442, 1900; abst. C. A. Bill, 5, 2700. 1'. S. P. 104.8953, 1912; P. P. 

400041, 1909; abst. J. ,8. C. I, 1910, 29, 4.87; 1913, 32, 142; C. A. 1911, 5, 
loot). Metallbank u. MeUillurgische Ges. and H. Klenckc, D. R. P. 2.84995, 
1913; abst. J, 8, C. I. 191,5, 34, 1091. Maiirecourt, Kngrais, 26, 995; abst. 
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mann balls as packing. II. Petersen* uses a system of towers 
and chambers, (1) a Glover tower fed with nitrous vitriol of 60° 
B6. and dilute acid; (2) denitrating tower fed with nitrous vitriol 
of 54°-55° B6. coming from the Gay-Bussac towers of the second 
system; (3) lead chambers; (4) Gay-Lussac towers fed with Glover 
acid of 54°-55° B4. of the second system; (5) Gay-Lussac towers 
of the second system fed with 60° B6. Glover acid. This system 
of Glover and Gay-Lussac towers is therefore fed with nitrous 
vitriol of 54°-55° Bd. and weaker acid, while the ordinary Glover 
and Gay-Lussac towers of the first system are fed with 60° B6. 
nitrous vitriol and dilute acid. 

Replacement of the Lead Chamber by Other Apparatus. 
Numerous proposals have been made for replacing the chambers by 
other apparatus. A. MacDougal and H. Rawson,^ and L. Ver- 
straet arid C. Schmidt’ used Woulfe’s bottles. Packed and un- 
-packed towers of various shapes and materials have been pro¬ 
posed by*W. Hunt,* J. Hannay,’ K. Barbier,* A. Staub,’ M. 
Neumann,® G. Schliebs,’ R. Heinz,"* A. Burkhardt," Metallbank 
C. A. 1912, 6, 53.1. E. Hoefling, D. R. P. 281135, 1912; abst. J. S. C. I. 
1915, ^ 611. H. Klencke, E. P. 25027, 1909; ab.st. C. A. 1911, 5, 163. 
F. Curtius & Co.. D. R. P. 295708, 1914; abst. J. S. C. I. 1917, 36, 646. 
A. Foster, U. S. P. 1277896; abst. C. A. 1918,12, 2414. 

1. E. P. 27738, 1907; abst. J. vS. C. I. 1908, 27, 981. U. S. P. 908696, 
1909; abst. J. S. C. I. 1909, 28, 140; Chem. Ztg. Rep. 1909, 33, 90; Mon. Sci. 
1909, 71, 116. 

2 K P 12333 1848. 

3. Bull. Soc. d’Encouragement, 1865, .131; abst. Dingl. Poly. 1866, 
179, 63; Wag. Jahr. 1865, 11, 226. E. P. 611, 1863. See also L. Chandor, 
U. S. P. 42985, 1864. 

4. E. P. 1919, 1853. 

' 5. E. P. 14247, 1886; abst. J. Soc. Dyers Col. 1886, 2, 210; J. S. C. I. 

1887, 6 , 729. 

6. E. P. 12726, 1892; abst. J. S. C. I. 1893, 12, 602. D. R. P. 69501; 
abst. Zts. ang. Chem. 1893, 6, 462; Wag. Jahr. 1893, 39, 375; Ber. 1893, 
26, 843. See also E. Candiani, Chem. Ind. 1895, 18, 153. P. de Boissieu, 
BuU. Soc. Chira. 1894, (3). 11, 726. 

‘ 7. E. P. 12675, 1894; abst. J. S. C. I. 1895, 14, 572. D. R. P. 88784; 

abst. Ber. 1896, 29, 925-R. Swiss P. 12965, 1896. See E. Harttaann, Zts. 
ang. Chem. 1911, 24, 2303. 

8. D. R. P. 169729; abst. Zts. ang. Chem. 1907, 20, 974; Chem. Centr. 
1906, 77, I, 1637; Jahr. Chem. 1905-1908, I, 1610; Chem. Ztg. Rep. 1906, 
30, 425; Wag. Jahr. 1906, 52, I, 380; Mon. Sci. 1907, 67, 146; Zts. Schiess. 
Spreng. 1906,1, 141. 

9. U. S. P. 1151294; Ann. Rep. Soc. Chem. Ind. 1916,1, 111. D. R. 
P. 287589; abst. Zts. ang. Chem. 1915, 28, 582; Chem. Zentr. 1915, 86, II, 
861; Chem. Ztg. Rep. 1915, 39, 446. Belg. P. 261449, 1903. 

10. D. R. P. 264640; abst. C. A. 1914, 8 , 219; Zts. ang. Chem. 1913, 
26, iXt2-, Chem. Zentr. 1913, 84, II, 1436; Chem. Ztg. Rep. 1913, 37, 553; 
Wag. Jahr. 1913, 59, I, .379; Zts. Schiess. Spreng. 191.3, 8, 417. 

11. E. P. 29568, 1912; abst. C. A. 1914, 8 , 2040; J. S. C. I. 1913, 32, 
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und Metallurgisclie Gcsellschaft A. G. and H. Klencke,' Z. LitL- 
mann,^ U. Wedge,’ A. Diiron,'' J. F. Oartnichael and F. Guil¬ 
laume,’ F. Curtius and Co.,'"’ R. Bithell and J. A. Beck.’ Pro¬ 
posals to use horizontal flues have been made by W. Petrie,’ N. 
Heinz and M. Chase,” E. W. KuniTmann,"’ J. Pels,'’ and G. 
Wentzki.'” Tanks have been proposed by J. Persoz,” Durand, 
Huguenin and Co.,''* and II. Petersen.''' 'I'he reaction of the gases 



Ann. Kcp. Soe. Chcin. Ind. 1910, 1, 11 1. 

2. D. R. P. 28100.5; abst. Zts. ann. CIktii. IOI"), 28, 82; Clieni. Zentr. 
M, I, 176; Cheiii. Ztg. Rep. ISlir), 39, 1. 

;i U. is. P. 1104590; abst. C. A. 19M, 8 , .'il02; Cliein. Ztg. Rep, 19b), 
39, 114; Mon. Sci. 1914, 81, 178. 

4, p;, P. 2408, 1913; abst. C. A. 1914, 8, 2606; J. S. C. 1. 1913, 32, 
791. 1). R. P. 267138; abst. C. A. 1914, 8, 79.5; Clieiu. Zentr. 1913, 84, II, 
2013- Cheni. Ztg. Rep. 1913, 37, 674; Wag. Jaiir. 1913, 59, I. 379. P. P. 
4.537.33; abst. C. A. 1913, 7, 364.5; Cln'in. Ztg. Rep. 1913, 37, 174. Aust. P. 
Anra. A-823. 1913. Belg. P. 2,5.3251, 1913. 

5 Pt P 1.5079, 1913; abst. C. A. 1915, 9, 132; J. S, C. 1. 1914, 33, 8.30. 

o! E. P. 2a5,50, 1913, llelg. P. 262545, 1913; abst. J. S. C. I. 1915, 

34. 904; Ann. Rep. Soc, Chem. Inel. 1916, 1, 110 D K- P. 287784; abst. 
Zts. ang. Chem. 1915, 28, .582; Chein. Zentr. 1915, 86, II, 9.31; Cliem. Ztg. 

7 * p p* 28743 1913; abst. J- S. C. 1. 1915, 34, 226; Zts. ang. Chem. 

1910, 29, 115; Chem. Ztg. Rep. 1915, 39, 297; Ann. Rep. Soc. Chem. Incl. 

line! 1,110. 

R U. S. P. 875909; abst. Chem. Ztg. Rep. 1908, 32, 94; Mou. Sci. 

1,108,(69, ol.R ^ 226219; abst. C. A. 1911, 5, 1320; Zts. ang. Chem 1910, 

23, 2294; Chem. Zentr. 1910, 81, II, 1254; Jahr. a"' 

Ztg. Rep, 1910, 34, 527; Wag. Jahr. ’'Jb'. ,5*. ' •i jlc”;’,,?',' 

11 U R. P. 228690; abst. C. A. 1911, 5, 2161; Zts. ang, Chem. bill, 
24 88 Chem. Zentr. 1910, 81, II, 1789; Jahr. Chem P'lO, 63, I, o_3; Chrm. 
Ztg. Rep 1910, 34, 632; Wag. Jahr. 1910, 56, 1, 40.5; Zls. Sclness. Spreng. 

1910j 5, 481.(^ ^ zts. ang. Chem. WU; 

24, 427; Chem. Zentr. 1911, 82, I, 521; Chem. Zlg. Rep. '‘bb ^5, '5, a|. 

lain 1911, 57, I, 416; Mon. Sei. 1911, 81, 84; Zts. Seine,ss. bpu'h?- lJ|b 6, 
96 D R. *.’238960; abst, C. A. 1912, i, 1971; Zts. 

2182; Chem. Zentr. 1911, 82, II, i:i!)2; <->'«;'■ -inf Chem' 

Tahr. 1911, 57, 1, 417; Zts. Schicss. Spreng, 1911, 6, 410. Sj^c f ‘*"8' 

1911, 24, 2440. J. Graham, E. P. WISI, abst. ]. S. ■ 

907. U. S. P. 736087, 19a3; abst. J, S. G I. 1903. ^, 9,1.., J. A C. S 
26R, 183. J. Mackenzie. E. P. 19084. 1913; abst, J. S. C. ^ 

13 Technologiste, 1856, 17, 461; Dingl. Poly. 1856, 139, 427, abst. 

Wag. Jahr. 1856, 2^ 54. , . nr c • i«qi M 4^)0 

14. F. P.205589. 1890; abst. Moii. feci 1891. 38, 4o0. 

im 2g 98L'’*U)'s'.‘l’.'89981)8, 899899; ubst. Chc.ii- Ztg. Rtp- 19W). 32. 
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under pressure has been investigated by M. l''inch and W. and S. 
Willoughby,' W. Burns,and J. Ilerreshoff." 

A tower system has been described by the Chernische l-'abrik 
Griesheim,* in which the chambers are entirely replaced by towers, 
care being taken that all the sulfur dioxide has been oxidized 
before the gases pass into the niter recovery system, and that time 
is allowed for the oxidation of the nitrogen oxides. Sufficient 
space must be allowed for the gases to remain in the niter recovery 
apparatus for four minutes. The burner gas passes first through 
a Glover tower and then to oxidizing towers fed with nitric acid 
of 3()° -3o° Be., where the sulfur dioxide is almost instantaneously 
oxidized. These towers yield an acid containing ,')()'/( ~>A% 
H 2 SO 4 and about 1% IINO 3 , which is passed back to the Glover 
tower for denitration and conccntratioti. The gases next pass 
through several towers fed with mixtures of nitric and sulfuric- 
acid of various concentrations, where nitric acid is recovered. A 
temperature of 3,")°-t).5° is prescribed. The total space is 2(10 
cu. m. for 10 tons pyrites per day, 30 cu. m. for oxidation of sulfur 
dioxide and 170 for recovery of nitric acid. The process has 
been operated at Grieshehn, the following advantages being 
claimed; the composition of the burner gas may vary within 
wide limits; acids of higher concentration arc obtained than in 
the chamber process, and the nitric acid is recovered as such. 
It is doubtful w'hether the recovery of the nitric acid separately 
is an advantage, since the rate of oxidation of nitric oxide is slower 

592. U. S. P. 904147; abst. Chem. 7Ag. Rep. 1909, 33, 27; Mon. Sci. 1909, 
71, 140. F. P. .382262. ,See also Chem. Ztg. 1911, 35, 493; al)st. 

J. vS. C. I, 1911, 30, 681. 

- 1. E. P. 3086, 1884; abst. J. S. C. I. 188.5, 4, 210. 

2. E. P. 14441, 1886; abst. J. S. C. I. 1887, 6 , 662; Chem, Ceiitr, 
1888 59 27 

‘ '3. ’ U.’s. P. .3,3.5699, 1886; abst. Wag. Jahr. 1886, 32, 262; J. A. C. S. 

1886, 8 , 66. 

4. D. R. P. 226610; abst. C. A. 1911, 5, l;i20; Zts. ang. Chem. 1010, 
23, 2340; Chem. Zentr. 1910, 81, II, 12.5.5; Jahr. Chem. 1910, 83, 1, 524; Chem. 
Ztg. Rep. 1910, 34, .527; Wag. Jahr. 1910, 56, I, 415; Mon. Sci. 1914, 81, 86. 
D. R. P. 229.565; abst. C. A. 1911, 5, 2.535; Zts. ang. Chem. 1911, 24, 13.3; 
Chem. Zentr. 1911, 82, I, 272; Chem. Ztg. Rep. 1911, 35, 11; Mon. Sei. 1914, 
81, 84. E. p. 20401, 1909; abst. J. S. C. I. 1910, 29, 1205. E. P. 2.3442, 
1909; abst. J. S. C. 1. 1910, 29, 1307; Chem. Ztg. Rep. 1910, 34, 6,32; Mon. 
Sci. 1914, 81, 83. Belg. P. 218994, 219727. F. P. 406641 and adriitions 
thereto; abst. C. A. 1911, 5, 1666; Mon, Sci. 1910, 73, 174. Ital, P. 20774, 
2.5381, Swed. P. 29988, ,30825, Span. P. 46267, 464.59. Aust. P. 17739. 
Applications for patents have also been made in the U. S. A. and in Russia, 
Sec also F. Guillaume, Belg. P. 18.5739, 1905, 
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in presence of air alone than if sulfur dioxide is also present and 
can be oxidized.' » 

The Opl System. A system of towers for the manufaeture 
of sulfuric acid has been adopted by C. ()])1, workinp; in conjunc¬ 
tion with the Krste (lesterreicher Sodafalrrik at Ilruschau.- Six 
towers are used, the first three forming; sulfuric acid as Glover 
tow'crs, and the latter three retainiii}; nitrous ^ases in the manner 
of Gay-Lussac towers, and fed with strong; acid. The gas leaving 
the last tower, containing (I',',', oxygen and 1.5 gm. SO;, per cu. 
m. is forced by a fan through coke scrubbers, w'here the last 
traces of SO.-i are absorbed. The w'ater required for the formation 
of acid is .supplied only to the second, third and fourth towers, 
and fresh nitric acid only in the second tower. 'I'he acid is 
moved bv cmulseurs, that flowing from the last tower being fed 
to the first, or (ilover tower, for denitration and concentration. 
Acid from the fifth tower goes to the second tower, and that from 
the fourth tower to the third. All acids pass finally through the 
first tower, and then to coolers. 'I'he acids supplied to the last 
three towers are cooled. 


Owing to better utilization of space, the formation of acid 
takes place in about 20 minutes instead of four to six hours in 
the chambers, and the reaction s])ace is only about one-tenth 
that of chambers, h'or daily prodindion of l.S tons of 0(1° He. 
acid, six towers 5 m. square and 12 m. high are necessary. 'Phis 
requires 12 tons pyrites, 4 k. w. power, lOOO eu. m. air com¬ 
pressed to 2 atm., 100 kgm. nitric acid of 40° Be., 4110 cu. m. 
cooling water, and three men per shift. The cost of erection is 


1. .\. Hatin. Kev. prod, cliiiii. 101,S. 21, 2.")(), 275: absl. C. .\. lUl!!. 13, 

2til, 2004. StealxT & Co., 1). K. C. M. .>ll,‘)04. \V. WagRainan, Hull, 284, 

t: .S, Dept. Agric., 1105; abst. J. .S. C. I. HOb, 35, 42:_l';nK. .Min, J. 1100, 
101, 1(1. 1'. ,S. P. 11,8.50211; abst. J. -S. C. 1. llIKi, 35, OiO; Ann. Kep. Sue. 

Chein. Ind, 11(17, 2, 177. ,8ee also K. Uuiaaa, IC. P. I.■>0712 HUS; abst. 
C. A. 11120, 14, 2011. 

2 K P 20171 11111.8; abst. J. S. C. I. lUOll, 28, (1.57. I'. P. .'ill-D.ill; 
abst. Moil. Sci. 11101), 71, 140. 1). K. P. 217040; abst. C. A. P.HO, 4, 1(1111; 
Zts. aiig. Chem. 11110, 23, 482; Cliem. Zentr. IlllO, 81, 1, 400; Jahr. Cliem. 
111011, 62, I, 488; Cliein. Ztg. Rep. 11110. 34, 04; Wag. Jalir. 11100, 55, 1, .ti.a; 
Mon. -Sci. 11114, 79, 1.57; Zts. .Schiess. .Sprung. 1010, 5, a2. t . vS. P. 1()124„1; 
abst. C. A. 11112, 6, 5.40; Mon. -Sci. 11112. 77, 140. In Hus connection see 
H. Hartmann, Zts. ang. Cliem. 1011. 24, 2402; abst C._A. 1012, 6, /(la; h S. 
C. 1. I'.HI. 30, C. Opl. Chcin. Iiul. 37, A. Kernes, Ms 

fuiK. Chcin. lOJ I, 24, :hll. Anon.. Chcni. 'I'radc J.. 52, al)st. C. A. lOlH. 
7, 
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comparatively speaking, considerably less than that of chambers. 

According to Huntington, Heberlein & Co., 30 systems were 
at work or in course of erection in 1914, and the English Alkali 
Inspector reported favorably on the system in English works.* 
Criticisms of the process have been advanced by H. Petersen* 
and T. Meyer,’ and been replied to by E- Hartmann.^ Reports 
of the operation of the system are satisfactory, and it appears 
to be based on sound principles. 

Chamber Fittings. The auxiliary apparatus required for the 
chamber plant includes arrangements for introducing the niter, 
the air and the steam or water-spray, as well as a number of smaller 
fittings required for drawing off the acid and for the control of 
the process. The latter are usually called chamber fittings, and 
will be described at this stage. 

The acid is never drawn off from the chambers by cocks, 
whicli would soon be choked by lead sulfate, but by con.stant 
level apparatus. A round or square lead box is placed on the 
staging near the chamber, and connected with the dish at the 
bottom of the chamber by a wide pipe. Alternatively, the box 
may be burnt on the chamber. The acid from the box escapes 
through a valve, comprizing a seat of regulus metal, conical plug 
of the same material with a wooden handle, and a run-off pipe 
which is burnt to the valve seat. An alternative is to use a lead 
siphon with cups at each end to keep it always full of liquid, the 
second end dipping into the nin-off pipe. 

A more complicated arrangement, which gives satisfactory 
results, consists of a siphon rigidly attached to' the box and a 
< cylinder surrounding the outer limb of the siphon is suspended 
so that it may be moved up and down by chain and pulley. 
According as the level of acid is lower or equal to that in the box, 
acid will or will not flow from the siphon. 

The quality of the acid inside the chamber is ascertained by 
means of acid dishes, acid drips or tell-tales placed in the interior 
in suitable persitions, and communicating with the outside. For 
instance, the lead vessel may be burnt inside the chamber about 
3 ft. from the bottom, when the acid from it will pass out by a 

1. Eng. Alkali Insp. Rep. for 1911; atet. J. S. C. I. 1912, 31, 716. 

2. Zts. ang. Chem. 1912, 25, 762; abst. J. S. C. I. 1912, 31, 487. 

3. Zts. ang. Chem. 1912, 25, 203; abst. C. A. 1913, 7, 1956. 

4. Zts. ang. Chem. 1912, 25, 817; abst. C. A. Ipl2, 6 , 2296. 



SUI.FURIC ACID 


1227 


tube into a lead cylinder containing a liydroinetcr. A constant 
overflow of acid will take place by means oi tlie arrangement of 
a feeding’tube. Simple S-shaped pipes, or flat dishes placed on 
the chamber floor, and conimtmicating by lead pipes with the 
otitside, may also be used. The drip pipes attached to the 
chamber walls usually indicate G° to 10° 'I'w. less than inner 
drips, on account of the increased condensation of acineons vapor 
on the walls by cooling.' 

Small manholes, luted with moist clay, may be provided on 
the side of the chamber near the bottom for the jrurpose of with¬ 
drawing samples of the bottom acid, and, if large, for inspection 
of the inside of the chamber. The sample is taken by a lead or 
glass dipper, and it must be remembered that differences usually 
exist between different layers of the acid on the Ixjttom. 

The temperatures of the chambers is taken b)' bent stem 
thermometers w'ith the bulbs inside, attached at different points. 
In order to obviate the possibility of ])enetrating the chamber 
lead by mercury in case of breakage, it has been jtroposed to 
employ alcohol thermometers. 

The pressure in the chamber is indicated by the usual glass 
pressure gauges fitted through rubber stoppers into the chambers. 
On the tops small manholes with hydraulic kites carrying bell- 
jars, are placed so as to show the color of the gases. The pressure 
may also be gauged by lifting these. Jars m;iy also be placed 
on short special branch pipes on the sides of the chambers, and 
are useful for the inspection of the gases. The height of acid in 
the chamber bottom is registered by a dipping rod, or by glass 
floats." 

The Supply of Niter to the Chambers. The nitrogen oxides 
required to equalize the losses in the catalytic process are sup¬ 
plied to the chamber in different ways; (1) as nitric acid obtained 
in the gaseous state by the decomposition of sodium nitrate and 
sulfuric acid in pots placed in the flue passing Iroin the pyrites 
burners to the Glover tower- the so called ‘‘potting process; 
(2) the introduction of ready-made liquid nitric acid to the 
Glover tower; (3) the introduction of gaseous nitrogen oxides 

1. W. Firman and A. Cocksedge, K. F. 52, lilOl); abst. J. S. C, I. 1900, 

2. C. Davidson, Chem. News, 1903, 87, 205; abst. J. ,S. C. I. 1903, 22, 

625. 
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(NO, N 2 O 3 , NOz), produced in special apparatus by the oxidation 
of anunonia, to tlic'’Glover tower or chambers. The l^st method 
is comparatively new, but lias been employed with great success 
in several works. 

'I'he advantages claimed for the old ] 3 otting process, which is 
still extensively employed, are as follows; The chambers are not 
exposed to possible damage from liquid nitric acid, and its hand¬ 
ling is avoided; the preparation of liquid nitric acid, which requires 
a separate plant, is obviated; the irregular evolution of nitric acid 
from the pots can be more or less compensated by using several 
sets of pots and charging them in succession. 

The advantages claimed for the use of liquid acid are greater 
economy (although the contrary is sometimes alleged); the greater 
regularity and more uniform control assured by admitting liipiid 
acid in a measured stream; avoiding the introduction of false-air 
into the chambers and escape of chamber gases via the potting 
apparatus; the possibility of altering the proportion of nitric acid 
supplied within wide limits at short notice; and economy of sul¬ 
furic acid, since less is recpiired in making nitric acid in stills than 
in the niter pots. 

The general conclusion is probably that the potting system 
and the use of nitric acid are of approximately equal efficienev, 
but both arc being superseded by the new process of introducing 
gaseous nitrogen oxides from the oxidation of ammonia.' 

Niter pots are placed in an eidargement of the flue from the 
burners, known as the niter oven, provided with the necessary 
working doors, and a cast-iron saucer for collecting overflows from 
the pots. The pots vary in shape: one type is made of cast iron, 
with ledge at the bottom to facilitate introduction and removal of 
the pot, and holds S-12 lbs. of niter. A better type of apparatus 
consists of a fixed semi-circular, cast iron pot, with cast-iron tube 
bored conically. 'Hiis tube projects from the niter oven and serves 
to run off the fused sodium bisulfate formed by the action of 
sulfuric acid on .sodium nitrate in the pot; NaNO,i + H2SO4 = 
NaHS 04 •+• HNO3, an internal saucer receiving the overflow from 
the pot. The niter, preferably dried, is introduced through a 

1. "The Oxidation of Ammonia Applied to Vitriol Chamber Plants," 
Official Ihiblication of H. M. Ministry of Munitions, Inventions Department, 
1919; bondon. "Catalysis in Theory and Practice,” by li. Rhleal and H. 
Taylor, London, 1919. , ' 



vru-iivt* I'KIC ACID 


122<) 


dosed hopper provided with a damper, I'he sulfiirie aeid from 
a smalj tank is run in by an S-shaped tribe, tire acid delivering 
into this from a siphon with stopcock. 'I'he acid is run in slowly, 
for gradual decomposition of the niter, the apparatus holding .‘rii 
lbs. NaNdii, and requiring two hours for conversion, 'i'wo or 
more sets of pots are provided, so that they may be charged in 
turn. 

Modifications of the potting system have been de,scribed by 
J. Rice,' A. O’Brien,the Soc. anon. L. Vogel,’ N. Bo/.zati,' P. 
Derrig,'’’ If. Howard," W. Weldon,’ J. I), narling," R. Vetlerlein," 
the Soc. Anon, he Nitrogene,"' and others." 

R. Macadam and H. Walker” spray a solution of niter into 
a small lead tower traversed by the burner gas, or directly into 
the chambers. 'Phis method has been used with success in plants 
intended for the manufacture of superpho.sphates, when the pres¬ 
ence of sodium sulfate in the chamber acid is immaterial.” 'I'lie 
process had been proposed In’ J, Potut" in 1!)()1. 

'I'he methods for the introduction of liquid nitric acid into 


the chamber system aim at a careful regulation of the supply of 
acid. 'Phis maybe effected by means of a Marriotte's stoneware 
bottle, closed by a rubber stopper and supporting a glass tube pass 


1. n. P. 11)757, 1K02; al)st. J. S. C. I, I.Siri, 12, Xi:i See also N. Hein/. 
I' .S P. i:il.58.'i4, mill; abst. J. S. C. I. lum. 38, S18-.\. 

2 f .S P. ()il-1024, P.I02; abst. |. .S. C. 1. 11102, 21, 10,S. 

;i. K. 11840, 1904; abst. J. S. C. I. 1904, 23, 10.H,S, I). K, P. 171088; 

abst. Zts. aiii;. Cliein, 1907, 20, 974; Cliein. Ceiitr. 1900, 77, 11, 180; Jahr, 
Chem. 190.5 1908, I, 1010; Cbeni. Zt«. 1900, 30, 012; Wat;. Jahr. 1900, 52, 
I, :i8;i; Cheni. Zts. 1907, 6, 20; Zts. Scliiess .Spreiii;. 1900, 1, 221. 

4. P. P. 404708, 1909. .Sco also .t. Fairlie, Chem. Trade J. 1919, 65, 


.'184; abst. C. A. 1920, 14, 451. 

5. tb S. P. .8.50820; abst. Chem. 
1907, 67, 1.5:i. 

0. P. S. P. 1 I5110:i; abst. C. .5. 


Ztg. Rep. 1907, 31, 242; Mun. .St'i. 
191.5, 34, 2798; J. .S C. 1. 191.5, 34, 


1009; Moil. Sci. moi), 59, 80. 

7. K. P. 17.52, 1.8,82; abst. Wag. jahr. 18.82, 28, 299. 

8. ]•;. P. 18171, 1,895; abst. Mon. ,Sci. 1890, 48, ,82. 

9 D. K. P. .808557, 1910; abst. ]. S. C. I. 1918, 37, 370-A; Chem. Zeiitr. 

1918, 89, I, 497; Chem. Ztg. Kep. 191.8, 42, 72 . 

10 P. P. 404071, 1909; .abst, C. A. 1911,5, 1()()4; Chem. Ztg. Rep. 1910. 
34, 18; Mon. Sci. 1910, 73, 109. Swiss P. 44228, 1908. 

11 See Chem. News, 1.87.8, 37, 1.55, 191, 20.8, 210. N. Hem?., L. S, 1 . 

1.81.58.84; abst. C. A. 1919, 13, 29.82. t e i foi- 

12 K. P. 10.8877, 1910; .abst. C. A. 191i, 11, 18.89; J. S. C. I. l.H), 

36, 385; Ann. Rep. .S<k-. Chem. Inch 1917, 2, 178. Cf. C. Burnard, Iv. I . 
2878, 187.5. H, Deacon, K. P. 4848, 1875. 

18. Alkali Inspectors Rep, 1918, so, 188. , . t e r i 

14. li. 1*. 7710. 1901. Bclg. P. 148290, 1.520(0, 1900; abst. J. b. C. 1. 
1902,21,700. * ■ 
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iiig about half-way inside the bottle. Through this tube the air 
enters, tha volume of erftering air being equal to that of the acid 
flowing out. As the height of acid diminishes, the outflow tends 
to be reduced, but the air enters more freelyf in consequence of 
the shorter liquid column through which it must pass, so that the 
outflow is more or less constant throughout. The bottle is filled 
from the top through a funnel, the stopper being raised during 
the process. The acid passes from the bottle through the funnel 
to a glass or stonew'arc pipe, and thence to the chamber system 
(e. g., to the Glover tower). 

Another form of bottle, which minimizes the danger of the 
only partially opened stopcock being choked with sludge from 
the acid, is that described by F. Bode.* In this method the cock 
at the bottom is kept wide open, and the rate of outflow regidated 
by a cock on the tube passing inside the bottle. 

The acid may be supplied intermittently by means of a siphon 
jet, connected with a vessel into which nitric acid is delivered 
from a container, such as a stoneware bottle with a tap below. 

Formerly, the liquid acid was delivered into the chambers 
themselves, being distributed on stoneware cascades, or sprayed 
by air." These methods are now quite obsolete, the acid being 
always supplied to the Glover tower,^ and is nm down the tower 
together with the nitrous vitriol from the Gay-I.ussac tower (see 
the latter). J. Potut.* and J. Buttgens,'’ describe special arrange¬ 
ments for regulating the acid feed. 

« 

The. liquid nitric acid is stored on the top of the chambers, 
in large stoneware jars, or in a number of glass carboys connected 
by glass siphons. K. PohP employs iron vessels lined inside with 
^paraffined asbestos cloth. Tanks of stone cemented with a mix¬ 
ture of water glass, asbestos powder and a little barimp sulfate, 
may also be employed. Lead resists the action of strong nitric 

1. Dingl. Poly. 187C, 220, .538, See also M. Uebig, Zts. chem. (Iross- 
gew. 1878, part 2. 

2. M. Liebig, Zts. Vereiii dcut. Ing. 1879, 111. See J. Parent, F. P. 
449035, 1912; abst. Mon. Sci. 1914, 01, 4. See also A. Burgemeistcr, Dingl. 
Poly. 1880, 2J5, 277; abst. Wag. Jahr. 1880, 26, 228. 

3. G. Lunge, "Sulfuric Acid and Alkali," 4th Ed. 713. Sorcl, "Fabrica¬ 
tion de I’acide sulfurique," 1887, 204. Cf. E. Hartmann and P'. Benker, 
Zts. ang. Chem. 1906, IS, 135. 

4. E. P. 4272, 1900; abst. J. S. C. 1. 1901, 20, 363, 

5. E. P. 6617, 1914; abst. J. S. C. 1. 1914, 33, 830. 

6. D. R. P. 30188; abst. Tech. Chem. Jghr. 1881, 520. 
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acid very well, and a good quality of enameled iron may also 
be used. G. Adamson' describes glass, wax or other bottles, the 
sides ’and bottoms being strengthened with wire gauze embedded 
in the material.- 

The use of nitrogen oxides directly introduced into the cham¬ 
bers or into the Glover tower, appears to be the most rational 
method. In some cases waste gases from other manufacturing 
processes, such as the preparation of arsenic acid or ferric sulfate 
may be used, but such sources of supply, although tliey may be 
convenient ways of usefully disposing of nitrous gases, will not 
usually be regular enough or sufficient for use in the vitriol plant. 
The most successful method is to generate the nitrous gases con¬ 
tinuously by the oxidation of ammonia.^ 

.Apparatus for this purpose has been described by Schupp- 
haus,'' and by J. Partington. The apparatus recommended by 
the latter consists of a top and bottom cone, with rectangular 
body pieces betw'een, all in cast aluminium in. thick. Three 
body pieces are recommended, but later experiments indicate that 
tw'o, or even one, will suffice. The area inside is t in. by G in., 
the pieces being provided with flanges, '/i in. wide, to facilitate 
bolting together, perforated baffles of sheet aluminium being 
inserted between the body pieces, except at the junction between 
the top cone and body piece, wdiich is occupied by a special 
catalyst of two layers of platinum gauze, of pure platinum wire 
0.0025 in. diam., woven in uniform mesh with SO strands to the 
linear inch. * 

The air and ammonia gas mixture passing through the con¬ 
verter, in the proportion of about 1 vol. NIT to 7..'i vols. air,.is 
prepared most conveniently by blowing filtered air through 25';,') 
purified ammonia liquor in a coke tower, and driving off the* 
ammonia by admitting a little steam at the base of the tower. 

Before entering the converter, the gases must be filtered, as 
traces of iron oxide, present in dust, poison the platinum. 

The reaction is initiated by heating the gauzes electrically. 

1. U. .S. P. »i6541. 

2. C. Bumard, B. P. Aug. 14, 1875; see Chom. Nows, 1878, 37, 208. 

3. G. Taylor and E. Scott (E. P. 127047; abst. J. S. C. I. 1919, 38, 
499-A: C. A. 1919, 13, 2421) use oxides produced by passing air through an 
electric arc or Kilbuni-Scott furnace. 

4. See J. Blinkhorn, E. P. 1084, 1878; abst. J. A. C. S. 1879, 1, 175; 
Chem. Ind. 1878, 1*3^; Wag. Jahr. 1879, 25, 287, 
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or by heating them with a Bunsen torch inserted beneath the 
catalyst.. When reactiion begins, it continues uninterruptedly 
without external heating. It is desirable to take out the plat¬ 
inum gauzes about once every two months,sand clean them by 
boiling in concentrated hydrochloric acid. 

The output per square foot of catalyst surface (two gauzes) 
is equivalent to l.S tons of IINOs per 24 hours. The gases from 
the converter are cooled in silica S-pipcs exposed to air, and then 
pass directly to the Glover tower. 

The question of the amount of niter required for the suc¬ 
cessful working of a vitriol plant has been answered in various 
ways. It is usually given in percentages of sodium nitrate on 
the sulfur burnt, and figures ranging from I .,S% to have been 
recorded. A careful examination of existing plants in Englaml 
showed that at the outside is all that is required for good 
working, provided the plant is intelligently operated, and there 
is ample Gay-Lussac capacity. 

Different proposals for economy of niter have been made,* 
but the chief factors are those just mentioned. 

Water Supply of Chambers. The water required in the 
chamber reaction: 

SO. + O + H,() = H..S()4 

is supplied (a) in the form of steam, blown into the chamljers, or 
(b) in the form of a fine mist of droplets of liquid water produced 
by atomizing water by a special spraying apparatus. The first 
method was formerly the only one used, but it is being replaced 
by the use of water sprays. 

■ If steam is used, it is taken from an ordinary low-pres.sure 
boiler, at 1 to 1' 2 atm. Low pressure steam is more easily 
regulated than high-pressure, and the fonnation of droplets of 
water before it enters the chamber does no harm, provided these 
arc driven on with the steam. The steam from a high pressure 
boiler may be passed through a reducing valve, or exhaust steam 

]. O. Bender, U. ,S. P. WXMiSE, I!H)S. P. Honker and H. La.sne, U. S. 
P. 2.W410, 1881; I). R. P. 171.’>1; afist. Wag. Jalir. 1882, 28, 257. F. Chappell, 
U. S. P. 875121, 1,887. U. S. P. :i78289. 1888. P. Derrig, U. S. P. 850820, 
1907, S. Frazier, U. S. P. 38840(>, 1888. A. Johnson, U. S. P. «592;«), 1900. 
H. Pauling, U. S. P. 898890, 1908. H, Petersen, U. S. P. 904147, 1908; 
908690, 1(KJ9. J. Rigby, U. .S. P. 292054, 1884. P. Salom, U. S. P. 75,5247, 
1904. A. Tarand and P. Truchot, U. S. P. 1068021, 1918. M. Walsh, U. .8, 
P. 292078, 1884. Hedenstriim, Chem. Ztg. 1914, 38, 80;j. 
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from cnRiiics, e. j'., the engine used for pumping the Gay-Lussac 
acid, may, of course, be used.' Productian of steam by the heat 
of par! of the burner gas has been proposed,- being conveyed to 
the chambers by cast iron pipes, with branches, protected by 
lagging, and with a slight back fall to the boiler so that condensed 
water may run back. The branch pipes arc made from wrought 
iron, and need never be more than 1 in. diameter even lor large 
chambers. 

A single steam pipe of 1 in. diameter, introduced above, 
below, or even within, the piire conveying gas, is sufficient for 
each chamber, of length not e.xceeding Lil) ft., the jiipe entering 
the upper part of the chamber. A better arrangement is to have 
two or more jets for each chamber." With a Glover tower, no 
jet is needed for the first chamber at the end, but one is placed 
20 to :!() ft. along the side. A special arrangemcnl for introduc¬ 
ing steam has been described by Scheurer-Kestner.* Passage of 
the gases through a hot-water tower has been proposed,’' and the 
mixing of the gases by a special spray producer has been described 
by A. PohL' 

The amount of steam required depends on the quantity of 
sulfur burnt, and on the strengths of the chamlrer and Glover 
aeids. On the assumption that all the chamber acid is 124° Tw., 
and that it is concentrated in the (flover lower to 14.S° Tw., each 
lb. of sulfur burnt requires: 

(1) for forming Its IL.SOi, I.S water. - (l..■>(i2.■) lb. 

Ti2 22 

(2) for (jilutiiig to 124" Tw., i.e.. 70', II-SO,, .'!0 X OS ^ I .'112.7 ll>. 

70X22 l.,S7.'>0 1b. , 

All this water is retained, since that escaping with the gas 
is absorbed by strong acid in the Gay-Lussac tower. A portion • 

1. II. .Sprengel, L. P. 1070X, l.S,Sli; abst. J. .S. C. I. bS8(i, 5, (108; Wag. 
Jahr. 1887, 33, 

2. K. Kalblleisch. It. P. 1018, 1,877. A. Cellaritis, I). R. P. 20.'J041; 
abst. C. A. 1914, 8, 219; Zts. ang. Clieiii. lOl.'i, 26, 007; Cliein Ztg. Rep. 
lOl.'i, 37, .740; Wag. Jahr. lOl.'i, 59, I, .■172. .Soeicte I.. Vogel, It. P. 17791, 
1904. Bclg. P. 1,8020,8, 1,81171, 1904; abst. |. 8. C, I. 190,7, 24, 908; Cliem. 
Ztg. 1900, 30, 21; Mon. ,Sci. 1900, 65, 178. II, llnrbury, Ilelg. P. 222471. 
1911. .Schaefer & Budenberg, Dingl. Poly. 1.87.7, 217, .719. 

2. Brauning, Preus.s. Zts. 1877, 127, Zts. Berg. Hntteii-Salinenw. 1.877, 

25, 122 . 

4. Wnrt?., Diet, de Chim. 3,{T19. 

,7. 8oo. Anon. lag. L. Vogel.fctc.. It. P. 17794, 1904. 

0. Zts, ang. Chein. 1912, 25, 1220. Cf. A. Cellarin.s, Belg. P. 187.890, 

190.7. ■ 
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of the water introduced, however, comes from the evaporation 
in the Glover tower, a»d this must be- deducted from the above 
amount: ' 


Concentration from 124° (70%) to 148° (80%) 


10 X 98 
70 X 32 


0.4375 Ib. 


hence the water to be supplied = 1.8750 — 0.4375 = 1.43751b. 

A certain excess must be added to allow for condensation in 
the pipes. 

The second method of introducing the water is in the form 
of spray. H. SprengeT first proposed to use water sprays, thus 
saving the cost of evaporation and reducing the chamber space, 
since steam increases the volume of the gases by its heat. In the 
Sprengel jet, steam under 30 lbs. pressure escapes through a 
platinum nozzle into the center of the water pipe. 20 lbs. of 
steam atomizes SO lbs. of water. The Griesheim spray is pro¬ 
duced without steam, by allowing water under 2 atm. pressure 
to impinge from a small platinum jet against a small platinum 
disc. Two rows of jets are introduced through tubes in the top 
of the chamber, being 20 ft. apart, the whole chamber being 
thus filled with fine mist. The water must be carefully filtered, 
to avoid stoppage of the jets. 

Another type of jet has been devized by F. Benker,- in which 
the distance between the nozzle and the disc can be adjusted by 
a rod cut in a thread working in a nut, both being of platinum 
•iridium. A more recent form comprizes a platinum-iridium jet 
encased in antimonial lead, and without adjuster. 

• Korting Bros, jet,’ contains within the contracted part a 
metal spiral, held tightly in place by the pressure cf the liquid, 
' which imparts a whirling motion, so that it is projected uniformly 
in all directions as a spray. The nozzles arc of platinum, or in 
a most recent type, of glass. The glass tube is drawn to a capil¬ 
lary point, where it is cut off quite straight so that the jet issues 
centrally. This should deliver 90(>-l(X)l) liters per hour. The 
glass nozzle is fixed to the antimonial lead portion by means of 


1. R. P. 3189. 1873. See Chem. News, 1875, 32, 150. V. Defays, 
Belg. P. 201043, 1907. 

2. F. Benker and E. Hartmann, Zts. ang. Chem. 1903, 16, 861; abst. 
J. S. C. I. 1903, 22, 1084. 

3. Anon., Zts. ang. Chem. 1888,1, 404. , 
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a thin rubber washer, the joint being made tight by the water 
pressure. The Korting spiral of gun-metal is fixed inside by a 
thick rubber tube, the orifice of the tube being about 0.75 mm., 
that of the hard lead tube 4 mm. wide. With pressures of 3- .5 
atm. no drops are formed, but a fine mist. 

All water used in sprays must be clarified, preferably by 
sponge-filter.s. An arrangement of sprays for chambers has been 
described by F. Benker.' Spray nozzles with discs of tantalum 
have been proposed.* 

Many other types of spray producer have been described by 
If. Rabe,® Poley,^ L. Santa,'^ A. Dliron,® General Chemical Co.,’ 
J. Parent,® D. H. Thomas,® the Harkortsche Rergwerke und 
Chemische Fabriken,'® vSeherfenberg & Prager," A. Primavesi,'* 
P. Jacobs,'® and others. 

The use of water sprays in chambers has been discussed gen¬ 
erally by O. Nagel,T. Norton,"’ C. Gazeb'^G. Schiipphaus,” O. 

1. G. Lunisc, "Sulfurie acid and Alkali,” 1, 7.34. P. Kestner, J. S. 
C. I. 1903, 22, 3.33. 

2. W. .Szigeti, Chem. Ztg. I91S, 42, 115; abst. J. S. C. I. 1918, 37, 
.3.33-A. C. A. 1918, 12, 22.32. 

3. Zts. ang. Cheni. 1906, 19, 2079. D. K. P. 237,561, 246240; abst. 
C. A. 1912, 6, 1.508, 2,503; Zts. ang. Chem. 1911, 24, 178.3; 1912, 25, 1143; 
Chem. Zentr. 1911, 82, II, 812; 1912, 83, 1, 1646; Chem. Ztg, Rep. 1911, 35, 
4,58; 1912, 36, 286; Wag. Jahr. 1911, 57, I, 418; 1912, 58, 1, 376; Zts. Schiess. 
Spreng. 1912, 7, 98. 

4. D. R. G. M. 3139. 

,5. E. P. 18615, 191.3; abst. J. .S. C. I. 1914, 33, 485. D. R. P. 27366.5; 
abst. C. A, 1914, 8, 2928; Zts. ang. Chem. 1914, 27, ;167; Chem. Zentr. 1914, 
85, I, 1862; Chem. Ztg. Rep. 1914, 38, 310; Wag. Jahr. 1914, 60, I, 295. 
F. P. 461641; abst. J. S. C. I. 1914, 33, 199. 

6. D. R. P. 221779. 

7. U. .S. P. 10.32657; abst. C. A. 1912, 6, 2676. 

8. F. P. 462.349, 1913. 

9. K. P. 19867, 1912. 

10. I). R. P. 27.5388; abst. J. S. C. I. 1914, 33, 8.30; C. A. 1914, 8, 3105; 
Zts. .ang. Chem. 1914, 27, 133; Chem. Zentr. 1914, 85, II, 275; Chem, Ztg. 
Rep. 1914, 38, 300; Wag. Jahr. 1914, 60, 1, 298. 

11. D. R. P. 219789; abst. Zts. ang. Chem. 1910, 23, 705; Chem. Zentr 
1910, 81, 1, 1073; Jahr. Chem. 1910, 63, 1, 523; Chem. Ztg. Rep. 1910. 34, 
159; Wag. Jahr. 1910, 56, I, 407; Mon. Sci. 1913, 79, 159; Chem. Zts. 1910, 
9, No. 1852; Zts. Schicss, Spreng. 1910, 5, 114. 

12. Chem. Ztg. 1900, 30, 300; abst. Chem. Centr. 1900, 77, I, 1804, 

13. 11. R. P. 1414.53; abst. Chem. Centr. 1903, 74, I, 1323; Wag. Jahr. 
1903, 49, 208; Chem. Zts. 1904, 3, 12. 

14. J. S. C. I. 1914, $3, 522; Chem. Ztg. 1914, 38, 513; abst. C. A. 1914, 
8 2509 

15. ’ J. Iiid. Eng. Chem. 1912, 4, 534; abst. C. A. 1912, 6. 2498. 

16. Technique morl. May, 1911. Ind. Chim. 1911, 11, 218; abst. C. 
A. 1911, 5, 3612; Chem. Ztg. Rep. 1911, 35, 464. 

17. Metall u. Etz,- 1915, 504; abst. Zts. ang. Chem. 1916, 29, II, 171. 
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Guttmami,* to the original of which, the reader is referred. 

Specidl arrangeinedts of the chambers for use with,water 
sprays have been disclosed by R. Dclplace,” A. Claillard,’ O. 
Guttmami,'' and I.. Santa.^’ F. Benker and^E. Hartmann” dis¬ 
cuss the arrangement of draft for chambers with water sprays. 

In general, one may say that taller chambers are more adapted 
to use with water sprays than steam. Thus, the Falding cham¬ 
ber (p. 1213) is cs])ecially suitable in this respect. 

The regulation of the supply of steam or water spray to the 
chambers during operation is a matter of considerable impor¬ 
tance. If too little water is added, chamber crystals are prone to 
form and choke the pipes, besides acting injuriously on the lead 
when decomposed by moisture. If too much water is supplied, 
the chamber acid becomes too diluted. Tests of the strength of 
the acieV, therefore, afford a check on the water consumjAion. 
In British practice, the chamber acid is kept .at a density of 120° 
130° Tw., while on the Continent and in America a weaker 
aeid, 100°-110° Tw., is usual. I.unge considers 100°-110° the 
best strength in the leading chamber. 

The concentration of acid in the chambers beyond the lead¬ 
ing chamber diminishes. Usually, in a series of three chambers, 
the strength in the second chamber is 10° less than that in the 
leading chamber. With more than three, the strength dimin¬ 
ishes more gradually. In the last chamber it is kept below 73°, 
,sometimes at o0°, if there is no Gay-l.ussac tower. In all modern 
plants there is such a tower, and the acid in the last chamber 
may be of 90° Tw. 

The injurious effects proceeding from deficient or excess 
, steam arc as follows: With too much, the acid becomes diluted, 

1. J. S. C. I. 190:i, 22, l.'t'Ci; absl. Jahr. Chem. !!)(«, 5$, .'542. 

2. F. F. 342117, 1904; abst. J. S. C. I. 1904, 23, 900; Chem. Zts. 1904, 
3, 692. See also F. F. 3.3328.5, 1903; abst. Chem. Zts. 1904, 3, 1.51, 291; 
Mon. Sei. 1904, 61, 72. 

3. F,. F. 11732, 1908; abst. C. A. 1909, 3, 1.331; J. S. C. I. 1908, 27, 
1018. D. R. P. 203749, abst. Wag. Jahr. 11M)8, 54, I, .371; Chem. Zeiitr. 
1908, 79, II, 16.55; Jahr. Chem. 190.5-1908, I, 1612; Chem. Ztg. Rep. 1908, 
32, 661; Mon. Sei. 1912, 77, 49. 

4. Iv. F. 18927, 1!M)6; abst. J. S. C. I. 1907, 26, 2.54; Chem. Ztg. Rep. 
1908, 32, 94; Mon. Sei. 1910, 73, 33. 

.5. U. 8. F. 122191.3, 1917; abst. J. S. C. I. 1917, 36, 548. F. F. 461641, 
191.3; abst. J. S. C. I. 1914, 33, 199. Aust. P. 688.55. li. P. 1861.5, 191.3; 
abst. J. S. C. I. 1914, 33, 48.5. 

6. Zts. ang. Chem. 1906, 19, 13.5. F. .Benker, Belg. P. 176189, 1904. 
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and nitro^'en oxides arc converted into nitric acid, or even reduw 
to^nitrogen or nitrous oxide. 'Pile nitric acid may be rctaint 
by the dilute acid in the chambers, and the supply of niter mu 
lie increased when the steam supiily is cut down. If too litt 
steam is .supplied, the nitrosyl sulfuric acid formed cannot 1 
completely decomposed, and may seirarate as chamber crystal 
Also the acid may liecome so concentrated as to attack the leai 
'Pile real danj^er of corrosion, however, is when the water sujjpl 
is increased and tjie chamber crystals are hydrolyzed with form: 
tion of nitric acid. 'Phe elTects of an excess of steam (or watei 
are therefore more injurious than when too little is used. 

The Supply of Air to the Vitriol Chambers. 'Phe oxygen n 
quired for the reaction in the chambers: S (>2 + ll 2 t) + () = H-jSi 
is ahvavs added in the form of air. Proposals to use pure oxy 
Kcn' and ozone- have not been installed on account of the ex 
pense. 

In calcuhitin}^ the composition of burner and chamber jjascs 
a knowledjte of the densities of the gases which are containei 
therein is essential, the following table showing the most recent 
7//Wf' of Potniiit's of (,'a.vc.s’ 

Wt. of 1 lit. \Vt. of 1 on. ft. Vol. of 1 11). 


tlas ill Gninis in Lbs. in Cn. I't. 

Air . 1 o.ixsoT 12 an 

Oxygen. 1.12(1 (I.(),S!I2 11.21 

Nitrogen. 1.201 0 OT.Sl 12 77 

Aiineons vapor. 11.7(1(12 ().0t(l7 20.12 

.Snlfnr dioxide. 2 .(127 1) 1S27 o. t7^ 

'Phe normal composition of Pmrner gas from brimstone is: 

Sulfur dioxide. 0.1122 on. ft. 

Oxygen. 0 (1(177 cu. ft. 

Nitrogen. 0 7ti(K) cu. ft. 


1 (KKI cu. ft. 

'Phe weight of 1 cti. ft. of this gas at standard temperature 
and pressure (0° C. and 7b0 mm.) will therclore be. 

0 . 112 ;! X 0.bS27 -P 0.0077 X 0.0S02 + 

0.7000 X 0.07S1 = 0.0000 lb. 

If the temperature of the gas in the burner exit is 100 , 
which is always much below the average temperature, the weight 

1. T. Terrell, W. Hogg .tiid J. 'I'liomlinsoii, K. V. iilKi, 1871. 

2. 1'. Lawglyis and I.. TlK)ina.s.siu, I!. P. li-hH, bSOll. 
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of 1 cu. ft. of the gas will be 0.0909 X 273 -f iqq 

But air at 35° is higher than the usual summer temperature, 
273 

will weigh 0.0807 X = 0.071 lb. Thus, the outside air is 

always heavier than the burner gas, and this causes the draught 
from the burners to the chambers. A second cause of the draught 
is the formation of sulfuric acid in the chamber, which diminishes 
the volume. A third cause is the chimney taking the nitrogen 
from the last chamber; this gas, when saturated with moisture 
and warm, being lighter than air. 

The normal composition of pyrites burner gas is shown by 
the data for the oxygen required per 100 parts of sulfur: 

375 parts of oxygen are required to o.xidize the iron 

1000 parts of oxygen are required to form sulfur dioxide 

500 parts of oxygen are required to oxidize this to sulfur trioxide 

Normal pyrites burner gases contain 8.95% SO 2 , 9.87% 
oxygen and SI.54% nitrogen. A calculation similar to that made 
for brimstone, shows that pyrites gas is even lighter, so that the 
draft will be somewhat better. 

An excess of air supplied to the chambers is disadvantageous. 
It cools the gas and dilutes it, and hence diminishes the reaction, 
and wastes chamber space. The regulation of the air supply is 
made at the air-holes of the pyrites burners, by the fans, and by 
tht chimney if one is used. The draft may also be maintained 
by a steam injector placed in the exit flue.^ Steam injectors 
between the Glover tower and chambers, or between chambers, 
are impracticable because they introduce too much moisture into 
tht system. 

A suitable chimney placed after the Gay-Lussac tower is 
probably the best arrangement, although the regulation of the 
draft has then to be carefully watched. 

The draft may be governed by a damper with a liquid seal, 
another arrangement being a pipe expanded into a drum con¬ 
taining a diaphragm perforated with holes so that the total cross 
section is somewhat greater than that of the pipe. These holes 

1. A. Scheurer-Kcstner, Bull. Soc. Chim. 1885, 44 , 98; abst. J. S. C. I. 
1885, i, 494. 
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may be partially closed by clay until the reciuired draft results. 
The draft may be automatically rcgu!a1,cd.‘ 

'The use of a fan blast is becomiiij; more prevalent. The fans 
are of hard lead, enclosed in lead casinf;s, and placed either be¬ 
tween the Glover tower and the first chamber, or between the 
last chamber and the Gay-Iaissac tower, or at both places, and 
are conveniently electromotor driven.” Stoneware fans, which 
can be used for temperatures not cxccediii).; 79° arc also used.* 
Kestner fans of hard lead on an iron impeller* arc largely used for 
chamber plants. These make 300 700 r. p. m., require from ' s. 
to 1 h. p., and aspirate 1000 to 8000 cn. m. ])cr hour. If two 
Glover towers are used, a fan is jilaced between them.'’ 

Other arrangements for fan lilast have been described by 
R. B. Wolf,** the General Klectric Co.,” O. Miilhaiiser,* and 
others. Numerous ideas for accentuating the circulation of the 
gases in the chambers have been descrilied.'-' Some of these also 


1. li. McFarland and tlu’ Geiurai Flcotric Co,. O, .S, I’. 111-4114; ulnst. 
C. A. 004, 8, .48-11; Cliem. Zlg. Kop. I!)l.'>. 39, 1111; Mon. ,Soi. I'll.*), 82, 17. 

J. Cant. K. r. 15(N)1, 188.0. C. Vogt, li. F. C’liWl, 187.1. W. .Strype, K. l>. 
705, 1870. 

2. 1''. Falding, Min. Ind. 7, 072. 

8 G. Petschow, Zts. ang. t'hcin. lOOli, 16, 12, 804. (1. Platli, Zts. 
ang. Chem. 1908, 16, 1.59: 1905, 18, 1204; 1907, 20, 441. l'\ Hcnker and 

K. Hartmann, Zts. ang. Clicni. 1008, 16, SOI. .See Chcni. Ztg. 1902, 26, 

4. P. Kestner, Fifth Inti. Cong. Ap|)l. Clicin. 1005, 1, 028; J. S. C. I. 

1908,22,8,88. See also Chem. Ztg. 1910, 34, 784. , ,, 

5. H. Nicdenfiihr, D. K. P. 140825; abst. Zts. ang. Chem. 1908, 16, 
879; Chem. Centr. 1908, 74, I, 1008; Jahr. Chem. 1008, 56, 842; Chem Ztg. 
1908, 27, 892; Wag. Jahr. 1908, 49, 1, 200; Chem. Zts. 1908, 2, 71.1. 1'. 
l.iity, Zts. ang. Chem. 1905, 18, 12,58. 

0 11. S. P. 1097784; abst. C. A. 1914, 8, 2020. 

7. E. P. 1529.3, 1918; abst. J. ,S. C. I. 191-1, 33, 482. • 

8. Zts. ang. Cliem. 1902, IS, 072; ahst. J. S. C. 1. 1902, 21, 91-0. 

9. J. Hughes, U. S. P. 845140, 1880. 8..,3222, 988b. N Pratt, U 
S. P. 540596, 1895; 652087, 0.52088. 052080, 0.52090, 9)IK •_ H. Hegeler add 
N. Heinz, U. S. P. 705a34, 1904. T. Meyer, C. S. 

H Wedge, U. S. P. 1104590, 1914. N. Heinz, 1 . 8. P. /28914, 190.1; 9 •>714.1, 
1918. J. Thyss, U. S. P. 849241, 1880. W. Mills and C, Packard, L. b. 1. 
1112540, 1914. N. Pratt, IC S. P. 710112, 1902. ■ J. Havenel, IC ^ I . 

1I4(H2, 1871. C. Meigs, U. S. P. 1022498, 912. U. E n4, C. 

1907. J. Hargreaves. U. S. P. 1808, Itkill. G. Ennge, U. ^2.y' 
R, Evers. U. S. P. 707335, 1904. J. Graham b. 

and J. Delplace, U. S. P. 446060, 1891, 1. h' 

R. Cellarius, U. vS. P. 848631. 1907. A. btaub, I . S. I, a9^51. 1898. H. 
Rabe, D. R. P. 246240. 237.561, 1909, abst. J. b. C, 1. 31, .>87 N. 

Heinz, D. R. P. 286972. G. Havis, E. 154.59, 19l2_ D_ I.owry, E. P. 
2293, 1870. O, Nagel, Zts. ang. Chem. 1912, 25, 1220; abst. J. b. C. I. 1912. 
31 , 638. 
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describe arrangements for efficiently cooling the chambers.' 

The movement of gases in chambers, and the mode of action 
of fans, have been discussed by II. Porter,- II. Rabe,’ F. L.ity,'* 
Iliippner,* M. Neumann,' (1. Schliebs,' II. Nk'denfuhr,’* E. Hart¬ 
mann and F. Benkcr,'-' T. Meyer,"’ M. Feigensohn" and E. Ras- 
chig.'“ 

Anemometers. The measurement of the draft in vitriol 
chambers is made by an anemometer. Some types, although 
suitable for other purposes, are not used in chamber work on 
account of the peculiar conditions. 

Peclet's differential anemometer, as modified by Fletcher,"* 
is most used, and is based on the principle that a current of air 
passing the open end of a tube causes a lowering of pressure in¬ 
side the tube. If, therefore, such a tube be introduced horizon¬ 
tally into a chimney, a partial vacuum will be induced inside the 
tube by tne stream of gas passing up the chimney. This partial 
vacuum may be measured on an ordinary U-tube gauge filled 
with water or other liquid. The vacuum increases with the 
speed of the gas current; the pressure difference, however, is 
affected by the aspirating action of the chimney. This is obviated 
by introducing two tubes into the latter, one straight and the 
other bent at right angles so that the air blows into it. In the 
straight tube, the partial vacuum is increased by the aspirating 
action of the chimney, while in the bent tube it is corresponil- 

1. r. bhime, t.*. S. P. 852;?90; abst. C. A. t907, 1 , 2041; Chem. Ztg. 
Rep. 1907, 31, 2.5.5. T. Oliver, t'. S. P. I229;il0; abst. C. A. 1917, U, 220.5; 
J.'-S. C. I. 1917, 3G, 872; Ann. Rep. S<x-.,Chein. Ind. 1917, 2, 178. 

2. J. S. C. I. 1909, 28, 388; abst. C. A. I9f)9, 3, 1002, 107l. 

3. Zts. ang. Chem. 190.5, 18, 173.5; abst. J. S. C. I. 1905, 24, 1170. 

•4. Zts. ang. Chem. 190.5, 18, 1253; abst. J. .S. C. I. 1905, 24, 921. 

5. Zts. ang. Chem. 1905, 18, 2(X)1; abst. Chem. Centr. 1900, 77, I, 710. 

6. Zts. ang. Chem. 190.5, 18, 1814; abst. Chem. Centr. 1900, 77, I, 

100, 1.578. Sec also D, R. P. 109729, 1902; abst, Chem. Centr. 1900, 77, 
I, 1637. 

7. Zts. ang. Chem. 1905, 18, 1900; abst. Jahr. Chem. 190.5-1908, I, 

1598. 

8. Zts. ang. Chem. 1900, 19, 01; abst. Jahr. Chem. 190.5-1908, I, 1.599. 

9. Zts. ang. Chem. 1906, 19, 132, 9.53; abst. Jahr. Chem. 1905 1908, 
I, 16(K). 

10. Zts. ang. Chem. 1906, 19, .523; atst. Jahr. Chem. 1905 1908, I. 1,595. 

11. Chem. Ztg. 1906, 30, 851; abst. Jahr. Chem. 190.5-1908, 1, 1.592, 
1594. 

12. Zts. ang. Chem. 1905, 18, 1281; abst. Jahr. Chem. 190.5-1908, 1, 
1005, Sec also Ann. 1888. 248, 123; abst, J. S. C. 1. 1,888, 7, 747. 

13. Third Alkali Inspector’s Report, 1800, 51. See also Trans, New¬ 
castle Chem. Soc. Jan. 26, 1871. 
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ingly decreased. One tube is connected wStli one limb of tlic 
U-shaped manometer, and the other with tlie other limb. 'I'hc 
differences in level in thi.s tube is thus a measlire of the gas velocity. 

Idctcher makes use of two cylinders -1 in. diameter, con¬ 
nected at the bottom by a narrow tube, the rise and fall of the 
liquid being observed by means of metal floats, on which a line 
horizontal line has been marked by a lathe. The vernier iiermils 
the difference of level being read off to 0.01)1 inch. Kther, which 
is more mobile, and adheres less to glass than water, is used. 
'I'hc testing tubes are inserted into the flue by means of a cork 
and placed horizontally and so that the gas current blows into 
a bent tube. 'I'hey are connected by rubber tubes to the 
manometer. 

The velocities arc obtained from the readings of the anemo¬ 
meter by means of tables. 

'I'he following precautions are necessary in using the ijistru- 
ment: (I) 'I'he anemometer must be located where it is not 
influenced by large differences of temperature, and may be placed 
any distance from the flue if air-tight connecting tubes arc used. 
(2) 'I'he testing tubes shotild be introeluced into the flue to the 
extent of one-sixth the diameter, the velocity in this position 
being assumed as a correct average. 'I'liis point is disputed, and 
the measurement of the velocity in a flue of large section is a 
matter of difTiculty. 

vSwan’s anemometer cfinsists of a U-tiibc containing ether, 
inclined at an angle of one in ten to increase the sensitiveness 
of the instrument, but the readings must then be divided by ten. 
'I'hc speeds are found from a table.' 

Other types of anemometers have been described by Kretz,’’ 
Rarnsbottom,’ vScheurer-Kcstner,' I'. Ilurter,’ M. Bourdon,® 
Frycr,^ Seger,® C. Vogt," H. Rabe,'® P. Verbeck," and others. 

1. P. Hart, Chcni. Now.s, 1,S70. 21, 2U0, 

2. Dingl. Polv. 190, Hi; Ball. Soc. Iiul. Miilhou.sc, hSOK, 38, t(i7. 

li. Dingl. Poly. 1«)0, 180, ;«4. 

4. Dingl. Poly. 187,I, 221, 427. 

5. Dingl. Poly. 1878, 229, lliO. 

(i. Compt. rend. 1882, 94, .'ll; alrst. J. S. C. I. 1882, 1, (HI. 

7. Alkali Inspectors Kept. 1877-1878, Ii8. 

8. D. K. P. li»420. 

11. J. prakt. Clicni. 187(1, 122, 284. 

10. D. R. P. 111011); Zts. ang. Chem. 1 IKK), 13, 2,36; 1901, 14, 9.30, 
190,3, 16, 1.30. 

11. Chem. Ztg. 1913, 37, 13.38, I.3UI; D. It. G. M. 560918, .5.59644. 
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Other methods of 'measuring speeds of ‘gases are described by 
Kuhlmann* and J. B. Peregrin.’' J. Partington and h. Parker 
(private communication) admit a measured amount of .ammonia 
gas, mea.sured at a constant rate by a Venturi meter, to the air 
stream, and analyze the latter by aspiratiiig a measured volume 
through normal acid colored with litmus. 'Phis is useful for air 
currents, but cannot, of course, be used for acid gases, or gases 
which are to be used for reactions other than those involving the 
use of ammonia, such as oxidation (cf. Supply of Niter). 

Seger’s anemometer is now largely used, and consists of a 
calibrated U-tube sunhounted by two cylindrical cups of equal 
width, the board on which it is fastened being provided with an 
adjustable sliding scale. The tube is filled with two non-miscible 
liquids, such as heavy paraffin oil and dilute colored alcohol, the 
junction being opposite the zero of the scale, before the measure¬ 
ment. The aspirating action is then exerted, which lowers the 
level. If the ratio of the sections of the tube is 20, the reading 
will be multiplied by 20. The scale is graduated directly to read 
in mm. of water. 

Intensive Working and Reduction of Chamber Space. Refer¬ 
ence has already been made to the increase of output attained 
in chambers by special arrangements, but particularly by increas¬ 
ing the amount of circulating nitrous compounds in the system. 
The two most important conditions for high production are 
efficient mixing of the gases and cooling. 

K. Walter and E. Boeing’ describe the use of hollow acid- 
proof partitions built across the chambers, and arranged so that 
the gases enter the compartments through large holes near the 
bottom are discharged from holes near the top. The method 
is no longer used, as the walls are liable to collapse. 

Gossagc'' proposed to use chambers filled with coke, but 
impurities are then introduced into the acid, the walls of the 
chambers may be bulged out by the pressure of the coke, and the 
temperature rise is too high. Verstraet’ used stacks of bottom- 

1. Annee Indust. 1878, 677; abst. Chem. Ind. 1878,1, 1.37. 

2. Ann. Chim. Analyt. 1916, 21, 223; abst. J. S. C. I. 1916, 35, 1216. 

3. D. R. P. 71908; abst. Zts. ang. Chem. 1894, 7, 27; Wag. Jahr. 
1894, 40, 445; Ber. 1894, 27, 175. 

4. G. Lunge, "Sulfuric Acid and Alkali," 1, 475. 

6. Bull. Soc. D’Encouragement, 1865, 531; abst. Jahr. Cheni. 1866, 
19, 845. 



less stoneware jars in the chambers, supplying .the nitrogen oxides 
by allowing the nitric acid to trickle over tl^e jars. 

N. t-ratt* draws the gases by a fan through the first cham¬ 
ber, then through a tower paeked with quartz, down which dilute 
sulfuric acid trickles, and then re-introduces them by a fan to the 
entrance to the first chamber. In a number of plants in the 
Southern States using this process, the chamber space is said to 
be reduced to 9 eu. ft. per lb. S per 24 hours. 

T. Meyer’s tangential chambers* have already been described. 
E. Hartmann* places vertical air-cooled lead pipes in the cham¬ 
ber, the bottom of which is turned up around the lower ends of 
these pipes, thus forming hydraulic seals. E. Blau'* cools the 
gases in the first chamber by spraying in cold sulfuric acid, and 
obtains the optimum yield of acid from succeeding chambers by 
spraying in warm acid. E. Falding’s process'* Lunge’s plate tpwer, 
and the C. Opl system'* have also been treated. P. Gilchrist’ 
uses lead towers, 3 or 4 ft. diameter and La ft. high, with corru¬ 
gated lead tubes open at both ends running across them horizon¬ 
tally like boiler tubes. The sides of the towers are enclosed in 
boarding so as to form a chimney, through which air circulates. 
Chamber gases enter together with steam or water spray, at the 
sides of the towers near the bottom, and pass up'vvards. Acid 
is condensed by impinging on the lead tubes, drips from one 
series of pipes to another, and eliminates nitrogen oxides. 1 he 
gases leaving at the top are drawn into another series of pipe 
columns, and so on until reaction is comirlele. E. and J. Del- 
place* use a lead chamber in the shape of a ring, with a segment 
cut out, and provided with two gas inlets at unequal heights, 
with distributing pipes leading from the tqrpcr to the lower part 


1. U. vS. P. 5-16590, 6,52687, 652688, 1900; ab.st. Mon. ,Sci. 1900, 56, 
210; J. .Soc. Dyers Col. 189.5, U, 222. 

2. E. P. 181376, 1898; abst. J. ,S. C. I. 1899, 18, 494. bee also 1. Meyer, 
Zts. ang. Chem. 1900, 13, 742; 1911, 24, 1520; abst. C. A. 1912, 6, 795. 

3. Chem. Ztg. 1897, 21, 877; abst. J.S. C. I. 1897,1$, 1015. 

4 D K. P. 950S3; abst. Chem. Centr. 1898, $9, I, 484; Chem. Ztg. 
1897,21, 1083; Wag. Jahr. 1897, 43,424. 

5. U. S. P. 932771, 1909; abst. Chem. Ztg. Rep. 1909, 33, 542; Mon. 

Sci. 1910.J3,^82^.^ 1012421, 1911; abst. C. A. 1912, 6 , 536; Mon. Sci. 1912, 

77, IM. ^ ^ ^ Chem. Centr. 1899, 70, II, 232. 

8. U. S. P. 440060; abst. J. A. C. S. 1891, 13, 128. 
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of the chamber, which they consider a distinct improvement. 

H. .Thomson and |W. Green' employ two towers, one for reac¬ 
tion and the other for absorption of nitrous gases. Th'e burner 
gases are admitted at two points in the reaction tower, which is fed 
with nitric acid. The sulfuric acid condensed is drawn off and 
the nitrogen oxides absorbed from the residual gases by passing 
them through the second tower, which is fed with water. A 
Stinville- uses cool dilute sulfuric acid on the floor of the chamber 
to cool the gases, and furnish part of the water. W. Fulda’ treats 
the burner gases with nitric acid, which is regenerated by passing 
the gases-through oxidizing towers. R. Barbier’ uses three reac¬ 
tion towers containing perforated pots, and one Gay-Lussac 
tower. The reaction towers are fed with nitric acid, the base of 
each tower consisting of a perforated plate under which is an acid 
pan heated by a separate fire. M. Neumann’ draws the burner 
gas through a plurality of Glover towers, and through alternate 
heating and cooling zones between the towers. A. Tail® pro¬ 
poses to liquefy the SO 2 from the burner gas, so as to obtain the 
gas pure. 'I'his is then introduced with NO 2 under pressure into 
a chamber, into which air and steam arc forced. The NO 2 is 
said to be oxidized to the (unknown) oxide NO 3 , which mingles 
with the liquid SO 2 , oxidizing the latter. 

Methods of intensive working are discussed by J. Thcde,' A. 
Nemes," H. Petersen," and II. Rabc.'° 

Starting the Chamber Process. The first operation in starting 
a set of chambers is to cover the chamber bottoms with a layer 
of acid so as to provide a hydraulic seal. The acid should be 
at least !)()° to 100° Tw., water or weaker acid being used only 

I. U. vS. P. 14.3202, 1873. 

2. U. S. P. 76.5.520, 1004; abst. Chem. Zts. 1904 , 3, 738; J. A. C. S. 
190.5, 27R, 194. 

3. U. S. P. 10489.53, 1912; abst. C. A. 1913, 7, 686; Mon. Sci. 1913, 
79, 99. Australian P. 177.'i9, 1910. 

4. U. S. P. 53.5882, 1895. 

5. U. S. P. 729643, 1903. Belg. P. 1630.50, 1902; abst. J. A. C. ,S. 1904, 
28R, 29. 

6. U. S. P. 86881, 1869. 

7. Zts. ang. Chem. 1918, 31, 2, 7; abst. J. S. C. I. 1918, 37, 464-A; 
C. A. 1918, 12, 2663. D. R. P. 312024, 1918; abst. J. S. C. 1.1919, 38, 680-A. 

8. Zts. ang. Chem. 1911, 24, 387; Chimiste, 1911, 2, 161; abst. C. A. 
1911, 5, 2418; J. S. C. I. 1911, 30, 417. 

9. Zts. ang. Chem. 1911, 24, 877, 1811; abst. J. S. C. I. 1911, 30, 743; 
C. A. 1911, 5, 3129, .3882. 

10. Zts. ang. Chem. 1910, 23, 8; abst C. A. 1910, 4, 1225. 
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in extreme cases, and if acid is not availaUe, it should be trans¬ 
ported if possible. If weak acid or wajer is used, the nitrojjen 
oxides dissolve in it as nitric acid, which then attacks the 
lead. 

The burners are next charged with ore and lighted, and the 
burner gas, together with nitrogen oxides obtained from niter 
pots or otherwise, introduced into the chamljers. A large stock 
of niter is put in at the beginning, so as to provide the circulatiiig 
niter. About 12 to 1.') parts of niter to lOt) stilfur burnt maybe 
used at the commencement of the process, being cut down to 
about .'i parts when the chambers are in normal working opera¬ 
tion. 

When the drip tests show sulfuric acid is being formed in 
the chambers, steam or water spray is introduced, usually during 
the second day. 'I'lic plant shoidd be in operation about four 
days after starting. 

If the chambers have to be discontinued for repairs, the reverse 
process is carried through. The burners are stopped by closing 
all the air holes and ceasing to charge with ore. Then the niter 
supply is cut off, but the steam is kept on as long as the gas in the 
last ehamber shows any outward pressure. When the steam is 
shut off, the outlet damper is closed, and air allowed to enter at 
some point to prevent the chamber walls collapsing by the 
outer pressure. The steam should be discontinued when the 
drips test 100° Tw. Acid continues to be produced, but when 
the drips cease to operate, the process has finished and all open* 
ings are closed. 

Vitriol Chamber Temperatures. I he siu'cessful operation of 
a set of vitriol chambers implies that a definite set of temperatures 
.shall be maintained in the various portions of the apparatus, and* 
the observation and control of these temperatures is a matter of 
great importance. The thermometers inserted in the chambers 
have already been described in connection with chamber fittings. 

Considerable diversity of opinion exists as to the optimum 
temperatures for working, and this will also depend as to whether 
intensive working is adopted or not. In normal w'orking, the 
first chamber may be at i. e., too hot to be touched with 

the hand for any length of time. The second chamber may be 
at 40°-^ ()0°, and, the inside temperature of the last chamber may 
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be 30°-40° or less,* about 35° being considered optimum. 

The temperatures of J;he chambers are influenced by the heat 
in the burner gases, that of the steam introduced, in some eases 
by the heat of the sun if the chambers are unprotected, by radia¬ 
tion, and by wind. The chief factor, however, is the heat of the 
reactions taking place in the chambers. 

When a stationary state has set in, a variation of temperature 
of more than 5° may be taken as indicative of some irregularity 
in working. Owing to the heat of reaction, the temperature in 
the first chamber will be higher than that of the gases leaving 
the Glover tower. 

An abnormal state is sometimes met with in which the tem¬ 
perature of the first chamber sinks while that of the last chamber 
rises. This is caused by lack of water, or excess of steam or air. 
In remedying the defect, an additional supply of niter must be 
used to restore the first chamber to the normal state. 

Proposals for cooling the chambers, or the gases between the 
Glover tower and the chambers, have been made.* 

Irregularities in Chamber Work. When the chambers are 
working irregularly, losses of sulfur dioxide and also of nitrogen 
oxides result, one main cause being a deficiency of the latter in 
the chambers. This does not, of course, mean that a large con¬ 
sumption of niter is required, since the bulk of the nitrous gases 
are in circulation in the system, but that an adequate supply must 
be introduced into the chambers at the start, and maintained by 
continuous addition to make good any small losses of nitrous 
gases. The use of ammonia oxidation apparatus, which permits 
of n more exact regulation of the supply of nitrogen oxides than 
any other method, is especially valuable in this respect.. 

• The effects of a deficiency of niter are various. The rate of, 
formation of sulfuric acid is too slow, and much sulfut dioxide 
passes out unoxidized. In the back chambers this sulfur dioxide. 

1 . G. Lunge and P. Naef, Chem. Ind. 1884, 7, 17. W. Crowder, 
J. S. C. I. 1891, M, 301. G. Rschellmanu, J. S. C. I. 1884. 3, 135. 

2. N. Pratt, U. S. P. 715142, 1902; abst. Chem. Zts. 1903, 2, 376, 
528; J. A. C. S. 1903, 25R, 337; Mon. Sci. 1903, 59, 99. A. StinvUle, D. R. 
P. 144084; abst. Zts. ang. Chem. 1903, 16, 949; Chem. Centr. 1903, 74, 11, 
770; Chem. Ztg. 1903, 27, 900; Wag. Jahr. 1903, 49, I, 267; Mon. Sci. 1904, 
61, 81; Chem. Zts. 1904, 3, 164, 276, 291. F. P. 350363; abst. Chem. Zts. 
1900, 5, 37; Mon. Sci. 1907, 67, 598. A. Zanner, Zts. ang. Chem. 1907, 
20, 6; abst. C. A. 1907, 1, 768. L. Ftomont. E. P. 4861, 1907; abst. J. S. C. 
I. 1907, 26, 1198. B. Hart and H. Bailey, J. S. C. I. 1903, 22 , 473. 
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will bring about denitration of nitrous vitriol in the wrong place. 
Much NO is formed, and the color of the chambers is pale. Owing 
to tile relative excess of water, the nitrous vitriol formation is 
retarded, and the NO, in presence of water and oxygen, forms 
nitric acid, which dissolves in the acid at the bottom of the cham¬ 
ber, causing still further deficiency of niter. Such acid may 
attach the chamber lead, .^ny NO passing to the Gay-Lussac 
tower is not absorbed. Under certain conditions it is said that 
nitrous oxide may be formed in the chamber reactions with faulty 
working, leading to further loss of niter. In remedying lack of 
niter, it is always necessary to introduce many times more niter 
than the amount wanting.' 

Loss of niter is brought about by incomplete absorption in 
a Gay-Lussac tower, of inadequate size, and by leakage. T,oss 
by reduction to oxides below NO, or to nitrogen, is probably very 
rare, if ever. Loss by reduction of nitrous vitriol by the coke 
packing of the Gay-Lussac tower, whereby NO is produced, is 
said to take place.'' An important research on niter losses was 
carried out by J. Inglis,’ in which he condensed the chamber gases 
by cooling in liquid air, and found that the liciuid could be sep¬ 
arated by fractionation into the following consituents; N 2 , NO, 
N 2 O, CO 2 , SO 2 , NO 2 and H 2 .S 04 . The quantity of N 2 O found was 
extremely small, about 0.002%, so that “chemical losses’’ may be 
practically dismissed. The greater part of the loss is due to 
incomplete absorption in the Gay-Lussac tower. The volume of 
the latter may be as much as 2 %- 3 % of the chamber space; 
further increase is said to have very little effect.Regular cham¬ 
ber working is only attainable by proper control.® ^ 

Gas Distribution and Speed of Acid Formation. The maimer 
in which the gases pass through the vitriol chambers, and the 

1. G. Eschcllmann, J. S. C. I. 1884, 3, Kiti; abst. Jahr. Chem. 1884, 


37 1727 

’ 2 0. Lunge and P. Nacf, Cliem. Ind. 1884, 7, 11. P. Benker and 

E. Sorel, Zts. ang. Chem. 1889, 2, 279. See also F. Hurtcr. Chem. News, 
1879, 39, 170, 237. G. Lunge, Chem. News. 1879, 39, 193, 237. G. Davis, 
Chem. News, 1879, 39, 205, 215. E. Jackson, Chem. News, 1879, 39, 227. 
J. Mactear, Chem. News, 1879, 39, 232. J. Cox, Chem, News, 1879, 39, 
249. S. Hamburger, J, S. C, 1. 1889, 8, 167, 

3, J. S. C. I, 1904, 23, 643; 1900, 25, 149; 1907, M, GiO. 

4, G. BaUey, J, S. C, 1. 1887, 8, 92; abst, Jahr, Chem mj, M. 8. 

5, H. Cory, Chem, Trade J, 1917, 60, 297; abst. C. A. 1917, IW. 
See also H. Pemberton, Dingl. Poly. 188'i, 248, 424; abst. J. S. C. 1. 1883, 


2, 414. 
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velocity with which ac'id is produced in various parts of the 
chambers, are questions of practical importance in chamber 
design. Many experimcMts have been made on these masters,' 
but the results are not free from inconsistencies. I'he method 
of placing lead dishes in various parts of the chambers and com¬ 
paring the amounts of acid collecting in them is unreliable, as 
Lunge points out, since the dishes may act as condensing surfaces 
for acid, as well as serving as receptacles for the shower of acid 
formed in the chamber.'■* In this connection the experiments of 
P. Naef’ are of interest. This observer placed inside the cham¬ 
ber on one side a lead tray with a cover which could be suspended 
above it at various distances. He found the amount of acid 
collected was very much the same wherever the cover was placed, 
which seems to dispose of the theory that the dish collects the 
acid shower, even if the latter falls in a slanting direction. It 
appears that the acid collecting in the tray is fonned from the 
fine mists which float about in all directions, and condenses on 
solid surfaces on which it impinges. 

Tests on the vitriol chamber gases have been made by J. 
Mactear,^ W. Crowder,® and particularly by G. Lunge and P. 
Naef,® and S. Retter.^ Lunge and Naef found that in normally 
working chambers no “free” nitrogen dioxide is ever present, but 
there is always an equivalent amount of nitric oxide, so that the 
mixture behaves on absorption as nitrous anhydride, NoGj. In 
the first chamber, where the reaction was most vigorous, an 
excess of NO was found, but in later chambers NO and NO,; 
were found in equivalent amounts. When the supply of niter 
is abnormally high, free NO 2 may appear, so that this gas may 
occhr in chambers working on the intensive system, as Lunge 
points out. The presence of an excess of oxygen tair) in the 
chambers on the other hand, has no influence on the proportion 
of NO and NOj. 

The distribution of gases in the chambers was found to be 

1. G. Lunge, "Sulfuric acid and Alkali,” 4th ed. OSn. 

2. J, Mactear, J. vS. C. I. 1«84, 3, 224. H. .Smith, "On the Chemistry 
of .Sulfuric Acid Manufacture,” 1873. 

3. Chem. Ind. ISST), 8, 287; abst. Jahr. Chem. 188.5, 38, 20(i0, 

4. J. Mactear, J. S. C. I. 1884, 3, 224. If. .Smith, "On the Chemistry 
of Sulfuric Acid Manufacture,” 1873. 

.5. J. S. C. I. 1891, 10, 29.5; abst. Jahr. Chem. 1891, 44, 2627. 

(1. Chem. Ind. 1884, 7, 5; abst. J. S. C. I. 1884, 3, 2.58, 0.33. 

7. Zts. ang. Chem. 1891, 4, 4; abst. J. S. C. I. 1891, U, 364. 
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as follows: The percentage of SOz diininishes very ra])iclly, in 
the middle of the first chamher being only about 2 %, as com¬ 
pared -^ith 7 % in the entering gas, so that'about 70', [ of the acid 
is produced in the first portion of the first chamber. In the 
second half of the first chamher only about 4'Sth is oxidized. 
On entering the second chamber, the reaction revives, probably 
owing to the cooling and mixing of the gases in the pipes con¬ 
necting the chambers. In the center of the second chamber only 
0.2'%,, to 0.4'%, of the .SO., is left, showing an ab.sorption (4' 20'% 
of the initial .SOj in that chamber. From this point, the oxidation 
of the .SO 2 proceeds very slowly, and a little always passes un¬ 
changed into the Oay-Lussac tower. 'I'lie diminnfion of the 
reaction in the last part of the first chamber has been confirmed 
by other experiments made by h'. Hurler,' I’. .\aef,- A. Schcrtel," 
Iv. vSorel,’ and .S. Retter. ' 

The distribution of the gases in the chamber was also ,it)idied 
by G. Lnnge and P. Naef. h'or this purpose gas was aspirated 
from three different positions in the chamber, lying in the same 
vertical line Tiear the side of the first chamber, and only slight 
differences in composition were found. When the tubes were 
passed through the chamher top at the center line, reaching down 
to different depths, only minor variations were noted. It was 
found, however, that much less .SO... was present in the first ex¬ 
periments, near the chamber walls, than when the gas was taken 
from the middle of the chamber. Thus the reaction is a little 
more energetic near the walls than in the center of the chamber. 
'I'hese experiments show that the gases in the chambers are 
cpiickly intermingled, but there are noticeable variations between 
the center of the chamber and the walls. 

The results of Lunge and Naef are in agreement with a 
theory propounded by K. Abraham," on the course taken b)- the 
gases in the chambers. According to this inx'csligator, the burner 
gases on entering the first chamber meet a gas whose temperature 
and composition differs but slightly from its own. The entering 

1. J. .S. C. I. KS82, 1, .8, 4!l, 8:i. Reprinted in Wag. Jahr. 18.S2, 28, 24(1. 

2. Chetn. Iml. 188.'). 8, 28.'>; abst. Wag. Jahr. 188,A, 31, 21.4. 

4. Chem. Ind. 18,8!), 12, 80. J. .S. C. 1. 1.880, 8, 2,84. .Sachs, Jahr. 
Herjf. 11 . Hiittenw. 181)0, 138. 

4. Zts. ang. Cheni. 1881). 2, 270; abst. J. vS. C. I. 1890. 9, 17.>. 

"). Zts. ang. Chem. 1891, 4, 4: J. vS. C. 1. 1891, 10, 304. 

U. Diligl. Poly. 1,8,82, 245, 415; abst. J. .S. C. I. 18.82, 1, 105. 
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gas therefore spreads over the front part of the chamber from 
top to bottom, and is slowlj' propelled by the draft along the 
chamber over its transverse section. The formation of, sulfuric 
acid also takes place regularly and equ^Jly at all points of a 
transverse section taken at right angles to the chamber. Accord¬ 
ing to Lunge and Naef’s work, the latter assertion is incorrect. 
The heat of reaction rai.ses the temperature of the interior, while 
that at the side walls is kept down by radiation. A difference of 
temperature and density is, therefore, produced in the gases which 
leads to their rising in the center of the longitudinal section, and 
descending along the sides of the chamber. This motion goes 
on continually, and is modified only at the ends of the chamber. 
Thus, the gases travel in vertical layers at right angles to the 
length of the chamber from the front to the back end, but each 
small portion of gas describes a spiral line, the axis of which is 
parallel to the length of the chamber. 

The motion of the gases in the chambers has also lieen studied 
by H. Porter,’ who experimented with a glass model of a cham¬ 
ber. He concludes that the gases should be admitted to the 
chamber at the bottom, afid steam at either end so as to mix the 
ga.ses. E. Hartmann and F. Benker,” T. Meyer,” and’ H. Rabe,* 
propose to introduce the gases in the middle of the front wall in 
an upward <lireetion, so as to proceed in spiral lines; K. Beskow” 
and O. Niedenfulir' are not in agreement with Abraham’s theory. 

The time during which the gases remain in the chambers has 
been calculated by vSchwartzenlierg at 5''/4 hours, by Bode at 

1. J. .S. C. I. 19(0, 22, 470; al>st. Tech. Chem. Jahr. 1903, 26, 67; 
Chem. Zts. 1903 1904, 3, 17. 

2. Zts. ang. Chem. 1903, 16, 801; abst. J. .S. C. 1. 19a3, 22, 1084. 

3. Zts. ang. Chem. 1903, 16, 5.5.0, 927; abst. Chem. Ztg. 1903, 27, 858; 

Tech. Chem. Jahr. 19(f3, 26, 68. 

4. Zts. ang. Chem. 1910, 23, 8. 1). R. P. 237.')(U; abst; C. A. 1912, 6, 
1.508; Zts. ang. Chem. 1911, 24, 1783; Chem. Zentr. 1911, 82, H, 812; Chem. 
Ztg. Rep. 1911, 35, 458; Wag. Jahr. 1911, 57, I, 418; Zts. ,Schiess Spreng. 
1912, 7, 98. 

.5. Zts. ang. Chem. 1911, 24, 200; abst, J. S. C. I. 1911, 36, 281, 

6. 1). R. P. 189238; abst, C, A. 1908, 2, 1074; Zts, ang. Chem. 1908, 

21, 794; Chem. Zentr. 1907, 78, 11, 1949; Jahr. Chem. 1905-1908. I, 1251; 
Chem. Ztg. Rep. 1907, 31, .549. D. R. P. 1893.30; abst. C. A. 1908, 2, 1076; 
Zts. ang. Chem. 1908, 21, 794; Chem. Zentr. 1907, 78, 11, 1951; Jahr. Chem. 
1905-1908, 1, 1611; Chem. Ztg. Rep. 1907, 31, 549; Wag. Jahr. 1907, 53, I. 
3.32. D. R. P. 189834; abst. Zts. ang. Chem. 1908, 21, 7SM; Chem. Zentr. 
1907, 78, II, 1953; Jahr. Chem. 190.5-1!K)8, I, 1611; Chem. Ztg. Rep. 1907, 
31, 549; Wag. Jahr. 1907, 53, I, 3,32; Chem. Zts. 1907, 6, No. 362. 
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S’/i hours, and by hunge (with 20 cu. ft. per lb. S per 21. hours, 
which is very large; 8% SOj in the burner gases, and 4',(, niter), 
at 2 Vi hours. In modern plants the time must be le.ss than 1 
hour. Sorel, calculating for intensive working, with 11.2 eu. ft. 
per lb. S finds 1 hour 34 mins. One reaction at least in the 
process, viz., the oxidation of NO to NOs, will rciiuire an appre¬ 
ciable time for completion. Another factor is the time icipiired 
for the acid mist to deposit. 

Proposals for condensing the acid mist electrically have been 
made by A. Johnson,* and by \V. Wliitncy.'* R. Winsloe and B. 
Hart’ cool and mix the gases between the different chambers by 
passing them through mains containing air cooled batteries of 
tubes. K. Falding* passes the gases from the 01o\-cr tower through 
a second tower directly supplied with hot gases from the pyrites 
burners, the acid being concentrated in this manner. 1'. Curtins 
& Co.'* allow the burner gases to enter at a maxiinum temperature 
of 150°; the first tower of the system being sprayed with a rela¬ 
tively small amount of nitric acid or nitrous vitriol. J. Harris 
and D. Thomas'* admit the gases to the chamber at the bottom, 
direct them round the walls, where they issue from the center 
of the top. A hollow central column is provided, standing m 
the pan and having an open top for the exit of the gases. ** 

direct liquid on a curtain and the outside of the column, the 
Ceneral Electric Co.’ arrange the blower causing movement of 
gases through the chambers to act by induction on the gases of 
the last chamber, so that the destructive action of the gases on the . 
blower is avoided, the gases being drawn through the chambeis. 

T. Murray and E. Ricketts** pass the outlet liuiies ol B**; 
through a thin layer of sodium carbonate solution, then with t le 
entrained liquid through parallel screens, to remove acid himes 
A graphic method of recording the working of a chamber svstei 


1 V P 17928 1900' ai>st. J. S. C. f. 11^91, 20, 2«>0. irio 77 i‘^'> 
2 : li; L' Ri022m“abst. C A. 

3. E. P. 20142, 1901; abst. J. b. C I. l.»0., M, 1 IRi. 

4. E. P. 17602, 189;j; abst. 

5. Holl. P. 1172, 1913; abst. t. A. 1 10, M, c81 , ^ c I 1917. 36, 

6. E. P. m H Koyal-llawson, 

602; Ann. Rep. Soc. Chem. Ind. 19 7 2, 178^^ h-e 

E. P. 135359, 1919; abst. J. b C, I. r S G 1 1014, 3J, 182 , 

7. E. p. 15293, 1913; abst. C A. 1015, ?, 132, E b- G^ 

8. U. S. P. 1132679, 1915; abst. J. b. G. I. 191.>, 44, -mi. 



1252 


TGCHNOLOGY OF CBI.LUI.OSE ESTERS 


has recently been described and illustrated by W. Coleman.* 

Analysis of the Chamber Exit Gases. The exit gases from a 
chamber plant are required by law to contain less than a* stated 
amount of acid vapors, cither existing as gaseous SO 2 or nitrogen 
oxides, or as a mist of HjS 04 . 'I'he total acidity, expressed in 
terms of grains .SOs per cu. ft. is usually returned. 

The> acidity is determined by aspirating a measured volume 
of the exit gas through an absorption vessel containing a measured 
volume of standard alkali, and titrating the amount neutralized. 
.Special forms of apparatus have been described by J. Mactear,** 

G. Davis,“ W. Younger,* W. Strype,* R. Carpenter and E. Linder,® 

H. Watson,^ W. Coleman,'* W. Lovett,"G. Knorre and K. Arndt,'" 
and G. Lunge." 

Various forms of absorption vessels have been used. Ordinary 
gas washing bottles may be used, especially if the inlet tube is 
closed at the bottom and perforated. Mitscherlich’s tubes or 
Todd’s modification may be used. The aspirator is usually a 
large tubulated bottle with a tap below for running off water into 
a graduated cylinder, and a stopcock above for connecting with 
the absorption apparatus. 

The total acidity is determined with alkali and litmus as 
indicator, and is returned in grains SO 3 per cu. ft., or in any other 
unit desired. Methyl orange should not be used, as it is destroyed 
by the nitrogen oxides in the gas. Alizarin-red, however, gives 
good results. 

• A continuous test, extending over 24 hours, may be made, 
the volume of gas reduced to S. T. P. being recorded by a cali¬ 
brated gasometer placed after the absorption vessel, a filter pump 
with a regulating arrangement being used as aspirator. The rate 

* of aspiration should be about 1 cu. ft. per hour. Tables for the 

1. J. S. C. I. 1906, 25, 1201; abst. C. A. 1907, 1, 768. 

2. Chem. News, 1877, 35, 49; abst. Jahr. Chem. 1877, 30, 1138, 1145. 

3. Chem. News, 1880, 41, 188; abst. Jahr. Chem. 1880, 33, 1286. 

4. J. S. C. I. 1887, 6, 347; abst. Jahr. Chem. 1887, 40, 2490. 

5. Trans. Newcastle Chem. Soc. 1880, 4, 357; abst. Chem. News, 1879, 
39 288 

’ 6. J. S. C. I. 1902, 21, 1490; ahst. Chem. Centr. 1903, 74, I, 481. 

7. J. S. C. I. 1903, 22, 1279; abst. Jahr. Chem. 1903, 56, 344. 

8. J. S. C. I. 1906, 25, 1201; abst. Jahr. Chem. 1905-1908, I, 1,597. 

9. J. S. C. I. 1882, 1, 210; abst. Wag. Jahr. 1882, 28, 274. 

10. Her. 1899, 32, 2136; abst. J. S. C. I. 1899, 18, 1156. 

11. "Sulphuric Acid and Alkali," 1, 974. 



SULFURIC ACID 


\2y.i 


reduction of gaseous volumes have been given,' or a cliart may 
be constructed. The absorption apparjitiis consists of four bot¬ 
tles br tubes, each of the first three containing 100 cc. N NaOIf 
solution, and the fourth distilled water. I'he contents of the bot¬ 
tles are mixed, and divided into three ccpial parts, one being 
retained in case of an accident. The first bottle is titrated with 
Af/H 2 S 04 for total acidity. Let v cc. of acid be recpiired. 'I'lie 
second portion of liquid is poured into a warm solution of KMn ()4 
strongly acidified with sulfuric acid. A small excess of )X'nnan- 
ganate must be present, which is then reduced by adding a few 
drops of sulftirous acid until only a faint pink color remains 
All nitrogen acids are now present as llNO.i. 2.‘) cc. of a solution 
containing 100 gm. crystallized ferrous sulfate jicr liter are added 
to a flask with 20 2'y cc. pure concentrated n>S()4, and the mix¬ 
ture allowed to cool. The solution to be tested is now added, 
and the air displaced by a stream of C() 2 . 'Lhe litiuid is then 
boiled for l.j mins, to 1 hour, according to the amount of IINOj 
present, until the dark color changes to a clear yellow. The 
unoxidized FeS 04 is then titrated with N/2 KMntL (1 cc. = 0.004 
gm. ()), of which y cc. are required. Let 2.") ec. FeS ()4 solution 
require z cc. N/2 KMn()4. 

If V cu. ft. of gas, at S. T. F., were aspirated, the reiiuircd 
amounts of substances are given by the eciuations: 

t. Total Acidity in grains per cn. ft. .'i. Sulfur in grains per cn. ft. 

SO, = l.S.aflOO — .\)/V S = - (ix — z + y)/V 

2. Nitrogen in grains per cn. ft. 

N = 0.108(W(z — y)/V. 

If nitrogen acids arc not required separately, 100 cc. iV/NaOH 
may be taken in a bulb-tube, and the excess titrated with stand¬ 
ard acid and phenolphthalein. If x cc. of ae'id are required. ^ 

Total acid as grains .SO, per cu. ft. = 0.017(100 x)/V 

Hydrogen peroxide may be added to the soda, but as it is 
usually acid, a correction must be applied. A solution of sodium 
peroxide, prepared by adding small amounts of Na 202 to a mix¬ 
ture of ice and water, and diluting to normal, may also be used, 
if nitrogen oxides are present. 

If acid mist is present, it passes through the bottles, and a 
special absorption vessel must be used. The gas enters, and is 

I. "Technical Chemists’ Handliook.’’ 
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broken up by rubber rmgs contained in the tube, which axt 
clipped from tubing, 'rhf upper bulb is •/< in. wide, the lower 
one Vs in., and the bottom opening */< in. The exit tube is filled 
with glass wool, and is washed down after the experiment. 

Since NO may escape in the above apparatus, it is advizable 
to add a bulb tube containing acidified KMnOs, which is not 
absorbed by soda and HjOs. Oxygen in the exit gas may also be 
determined. 

Theory of the Lead-Chamber Process. The reaction of im¬ 
portance in the chamber process is the conversion of sulfur di¬ 
oxide into sulfuric acid. This does not take place to an appre¬ 
ciable extent in presence of atmospheric oxygen alone, nor does 
the oxygen introduced in the form of niter nearly account for the 
change. It is evident, therefore, that the reaction involves some 
catalytic reaction brought about by the nitrogen oxides introduced 
into the cliambers, the exact nature of which reaction is still in 
dispute. 

Clement and D&onnes,‘ who observed the essential features 
put forward a theory of the part played by the nitrogen oxides 
which, with some unimportant modifications, is essentially that 
accepted today. They assumed the nitrogen oxides gave up 
oxygen to the sulfur dioxide, converting it into sulfuric acid, and 
were reduced to a lower oxide, NO, which is capable of taking 
up oxygen directly from the air present, being thereby recon¬ 
verted into higher nitrogen oxides whieh again enter into the 
cycle of reactions. The nitrogen oxides therefore, act as a carrier 
of oxygen, taking it from the air and transferring it to the sulfur 
dioxide. Cldment and D4sormes also noticed that where only a 
small amount of moisture was admitted, white star-shaped crys¬ 
tals are formed, which in contact with water decompose with 
effervescence, producing oxides of nitrogen in the form of brown 
fumes, and leaving dilute sulfuric acid, ntese crystals were after¬ 
wards shown to be nitnxsulfonic acid HSNOs, which Clement and 
D^sormes suspected probably plays some part in the cycle of 
changes which involves the alternate reduction and oxidation of 
the nitrogen oxides. 

H. Davy in 1812 showed that the presence of water is esseh- 

I. Ann. Chim. Phys. 1806, 5S, 329; J. des Mines, 1806, 20, 227; Nichol¬ 
son’s J. 1807, 17, 41; Gchlcn J. 1807, 4, 457; Gilb. Ann. Phys. 1818, SO, 67. 

* 



sulVuric acid 


1255 


tial. In the dry state the gases do nflt interact, but if a little 
water is added the chamber-crystals, or nitrosulfonic acid, arc 
projiuced; he regarded these as the intermediate compound in the 
cycle of reactions: 

I. 2 SO 2 -f 3 NO 2 + H 2 O = 2S(b(011)N0j + NO 

11. 2S02(0H)N02 + HjO = 2.S02(0H).. + NO; -f- NO 

III. 2NO + 02 = 2 NO 2 


J. Berzelius’ considered the cbaniber-cr 3 stals were not nor¬ 
mally produced as an intermediate product, but that oxygen is 
directly carried over from nitrogen oxides to sulfur dioxide, pro¬ 
ducing nitric oxide, which is then reoxidized: 

I. SO 2 + N 2 O 2 + H 2 O = I 1 -.S 04 -f 2NO 

II. 2NO -f O = N 2 O., 

At that time no distinetion was made between N 2 O .1 and 
N 204 , and both were called "nitrous acid,” the nan^c used by 
Berzelius for the intermediate higher nitrogen oxide, l.atcr writers 
therefore often wrote Berzelius’ theory in the form: 
la. SO 2 + NO; + II 2 O = IIjSO; -f NO 
lla. NO + O = NO; 

In 1844 an entirely different theory was projamnded by E. 
Peligot,* in which the catalytic substance was sui)posed to be 
nitric acid. This theory had a following in France for a con¬ 
siderable time, 1>ut rested primarily on experimental errors. Tlie 
following equations represent Teligot’s theory: 

I. SO 2 + 2MNO;, = II;SO.i -f 2 NO 2 
If. 4 NO 2 -b ll-/) = N 2 O., -b 2 IINO 3 

III. . 8 N 2 O .1 -b IIuO = 4NO -b 2 HNO 3 

IV. 2NO -f O 2 = 2 NO 2 

Although it is tnxe, as Peligot stated, that sulfur dioxide is 
oxidized by concentrated nitric acid with formation of sulfuric acid 
and nitrogen dioxide, yet as was pointed out by R. Weber,” nitric 


k Amr'^Ch!m!^Phy^ 1844, (3), 12, 263; Conipt. rend. 1844, 19, 420; 

T Df&kt Chem 184 « 5 , 34* 117 ! Ann. 1844 , 52. Z2l. 
j. prakt. ^ ^ 

19 125- 1867, 20, 176; Berl, Acad. Ber. 1868, 57', J. prakt. Chem. 18W, 97, 
487- 1867 100, 37; Zts. Chem. 1886, 9, 329; Chem. Centr. 1866, 37, 362; 
1867, 30, 325; Dingl. Poly.-1866, 181, 297; 1867, 184, 246; Bull. Soc Chim. 
1867, 7, 151; 8, 26; Instil. 1866, 415; Wag. Jahr. 1866, 12, 144; m7, U, 
IM; Poly. Centr. 1866, 32, 860; 1867, 33, 576; Poly. Notizbl. 1866, 21, 212; 
Deut. Ind. Ztg. 1866, 284: Chem. News, 1867, 18, 12. 
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acid of the concentration in which it can exist in the chamber 
has practically no action on sulfur dioxide in the cold, and acts 
only slowly when heated to 80°. Peligot’s theory has been 
abandoned since the appearance of Weber’s work. ’ 

Weber showed that sulfur dioxide was rapidly oxidized by 
water which has absorbed nitrous fumes and therefore contains 
nitrous acid, and he considered that nitrous acid was the prin¬ 
cipal agent in the process. Nitric acid in solution was acted on 
only very slowly, and Weber made the interesting observation 
that nitric acid dissolved in sulfuric acid is more easily reduced 
by sulfur dioxide in moderately dilute solutions than in concen¬ 
trated sulfuric acid. Weber’s theory of the chamber process in 
outline, is as follows: Sulfur dioxide is oxidized mainly by the 
nitrous acid. Which passes into nitric oxide, but this process goes 
on only in aqueous .solution, such as is formed by dissolving 
nitrogen dioxide in water (in which case some nitric acid is formed 
and remains unchanged), or by dissolving nitrogen trioxide in 
water (in which case nitrous acid only is formed, which is active). 

About the same time as the enunciation of Weber’s theory, 
C. Winckler advanced an analogous theory, but he assumed that 
nitrogen dioxide was the active agent, whereas Weber contended 
this to be the trioxide or the anhydride of nitrous acid. The 
most impwrtant point of difference, however, was that Weber fol¬ 
lowed Berzelius in considering that chamber-crystals did not play 
any part as an intermediate product, whereas Winckler reverted 
to Davy’s theory, in which they play the role of an intermediate 
product. 

In 1884 the theory received some important additions as the 
result of cxjjerimental work carried out in actual chambers at the 
“Uetikon” Works, Zurich, by G. Lunge and P. Naef.' In the 
hrst place it was found that nitric oxide in the dry state and out 
of contact with sulfuric acid, combines with oxygen to form 
nitrogen dioxide. In the presence of moisture and excess of 
oxygen only nitric acid is ultimately formed. Dilute sulfuric acid 
(sp. gr. 1.405) acts like water, but a small amount of nitrous acid 
is formed. But if concentrated sulfuric acid is brought in presence 
of an excess of oxygen and nitric oxide passed into it, that part 

1. Chem. Ind. 1884, 7, 5; J. C. S. ISST), 47, ‘«i5; Her. 1885, W, 1384; 
1888, a, .3323; abst. J. S. C. I. 1884, 3, 258, 633; Jahr. Chem. 1884, 17, 
1725; 1885, 38, 2061. 
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of the NO in immediate contact with the acid is oxidized only 
to the stage of NjOa, and is absorbed as nitrosulfonic acid: 
2NO + O + H 2 SO 4 = 2 HSNO 5 + H 2 O, whereas the NO out of 
contact ?vith the acid is oxidized to NO-,., which dissolves to form 
a mixture of equal amounts of nitrosulfonic and nitric acids: 

2NO2 + H2SO4 <. HSNO5 + HNO3. In so far as the formation 

of nitrosulfonic acid is concerned this statement (which has been 
controverted) is true, but the previous formation of N 2 O 11 from 
the NO and O2 in the gas space is more doubtful, because nitrogen 
trioxide does not, except under very special conditions (ef. H. B. 
Baker and M. Baker)’ exist as such above .22°, but is disso¬ 

ciated: N2O3 NO + NO2. What probably occurs is that a 
trace of N2O3 is formed in equilibrium with NO and NO2, and is 
at once removed by the sulfuric acid, forming the stable nitro¬ 
sulfonic acid. Whether the N20.i is first produced directly from 
the NO and O2: — INO -f O2 ^ ^ 2N2O3, or whether the ijxida- 
tion takes place to NO2, which afterwards forms a trace of N2O3 
by interaction with the excess of NO: NO2 -|- NO NiO.i, 
cannot yet be decided; all that is known is that the oxidation as 
far as the stage N2O3 takes place in a mixture of NO and O2 far 
more rapidly than the complete oxidation to NO.j.’ 

Lunge’s theory is that sulfur dioxide, oxygen and nitrogen 
trioxide combine directly in presence of a little water to form 
liquid nitrosulfonic acid, which floats in the chamber as a mist, 
and this mist, on meeting water floating in the ehaniber as a mist 
of dilute sulfuric acid, is decomposed into sulfuric acid and nitro¬ 
gen trioxide, which acts anew. The reactions are therefore: 

I. 2.S()2 + N 2 O, -I- O. -h ILO = 2S02(0I1)N()2 
II. 2S02(0H)Nf)2 + Hot) = 2.S()2(()H)2 + N2()3 

'I'hese do not explain the whole mechanism of the chamber 
process reactions, because in the first chamber dense white fumes 
are present, and nitric oxide occurs in excess of the proportion 

1. J. C. S. 1907, 91, 1802; abst, C. A. 1008, 2, .5M, IZt.'i; J. ,S. C. 1. 
1907, 26, 1276; Bull. Soc. Chim. 1008, 4, 908; Chcin. Zenlr. 1908, 79, I, 210; 
Chem, Soc. Ann. Ry>. 1907, 4, .07; Jahr. Chem. 190,0-11M)8, I, 1774; Meyer 
Jahr. Chem. 1907, 17, 88. 

2. G. Lunge and E. Berl, Zts. ang. Chem. 1902, 15, 147, .581, 931; 
1904, 17, 1059; 1905, 18, 00; 1907, 20, 794, 1713; abst. C. A. 1908, 2, 303; 
Zts. ang. Chem. 1900, 19, 817, 857, 881; abst. C. A. 1907, 1, 1890. Ber. 
1881, 14, 2190, 1885, 18, 1.384; 1888. 21, 07, 3204. E. Berl, Zts. ang. Chem. 
1910, 23, 22.50; abst. C. A. 1911, 5, 1323. 



1258 


TECHKOUXJy 0?‘CBtI,DI,OSB BSTBRS 


NO: NO2. In this -part Lunge thinks that the direct reactions: 

III. SOj + NO2 + H2O = H2SO4 + NO 

IV. SO2 + N2O3 + H2O = H2SO4 + 2 NO 

ma^ occur. The NO produced reacts with SOj and Oj present 
in excess to form nitrosulfuric acid: 

V. 2SO2 + 2 NO + 30 + H2O = 2 HSN 06 
^X)cally, where water is in excess, nitric acid vapor may be 
formed, but this is at once reduced: 

VI. SOj + UNO., = HSNOi 

The presence of excess of free NO in the leading chamber is 
explained as the result of a secondary reaction: 

VII. 2 S 02 ( 0 H)N 02 + SO2 -I- 2H2O = 3H2SO4 + 2 N 0 
Lunge points out that it is imnecessary to assume N2O3 
exists in appreciable amounts in the chambers, since nitrous acid 
and the mixture NO + NO2 would behave in the same way as 
N2O3. 

F. Raschig* suppwses that the intermediate compound is 
not nitrosulfonic acid, but a hypothetical dihydroxylamine-sul- 
furic acid, (OH)2NS02(OH), or 

/OH H 0 \ 

SOjC; or >N.vSOaH 

\n(oh)2 ho/ 

formed when SO2 and nitrous acid meet, but instantly decomposed 
by excess of nitrous acid into NO, H2SO4, and H2O. The NO 
is then reoxidized to nitrous acid, and the process again com¬ 
mences: 

I. N(0H)3 + H2SO., = (0H)2NvS02(0H) -I- H2O 

11 . (0H),NS02(0H) + N(0H)3 = 2 N 0 + H2SO4 + 2H2O 

III. 2 N 0 -b O + 3H2O = 2 N(OH)j 

An acrimonious polemic between G. Lunge and F. Raschig 
followed,® in which hypothetical compounds were multiplied by 
the latter until his theory hardly contains a single experimental re- 

1. Ann. 1887, 241, 242; 248, 135; J, S. C. I. 1911, 30, 1661. Ber. 

1907, 40, 4580; abst. J. S. C. I. 1907, 26, 1276. 

2. G. Lunge and E. Berl, Zts. ang. Chem. 1907, 20, 711, 1809; Chem. 
Ztg. 1904, 20, 1243; abst. C. A. 1908, 2, 307. G. Lunge, Chem. Ind. 1884, 
7, 5, J. C. S. 1885, 47, 465. ZLs. ang. Chem. 1907, 20, 2074; abst. C. A. 

1908, i 675, F. Raschig, Zts. ang. Chern. 1904, 17, 1777; 1905, 18, 1281; 
1907, 20 , 694; abst. C. A. 1907, 1, 1897, T. S. C. I. 1911, 30, 166; abst. C. A. 
1911, 5, 2912. 
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action. Lunge’s theory has been amplifieti by Sorel {Fabr. de 
I’acid Sulf.) by taking account of the effect of temijcrature and 
dilution of the hydrolysis of nitrosulfoiiic acid. He lays great 
stress on the inequalities of temperature in different parts of the 
chambers. Near the chamljer walls the temperature is lower than 
in the interior. The formation of nitrosulfoiiic acid is supposed 
to take place in the interior, where the acid is more concentrated, 
and the production of sulfuric acid is alleged to take place mainly 
near the walls, where at the lower temperature, dilution occurs. 
Convection currents in the gas, set up by the inwpialities of tem¬ 
perature, are inferred to cause a spiral motion of the contents of 
the chambers, which also modifies the reactions. Sorel’s theory, 
while ingenious, is difficult of abstraction. 

Another theory of the chamber process has been prciposed 
by M. Trautz,' who considers that all the compounds NO, NO 2 , 
HNO 2 , HNO.-i and IISNO 5 can act as catalysts in the oxidation 
of SO 2 . He also considers that the compounds N 0 .,S 03 H(nitro- 
sulfonic acid) and NO(SO.tH) 2 (nitrosodisulfonic acid) may be 
formed, and gives the following scheme of reactions; 

I. NO + NO 2 + H 2 O = 2NO.On 
If. 2NO.OH + 2 HvS03H = 2NO.SO.,H + 

2 H 2 O = NO(vSO,,H) + NO + 2 H 2 O 
HI. NO(SO.iH)2 + 2NO.OH = 3NO + 2 H 2 SO 4 
rV. 2NO + O + 2 H 2 SO 4 = 20N0.S0,.,H + HjO 
V. 20NO.SO;,H + 2H..O + NO(SO;,H )2 = HLSOi + UNO 
VI. N 02 .vS 0 aH + H 2 O = NO.OH + ILSO, 

Much of the supposed com|)lication in the reactions, however, i^ 
probably due to the known, but little investigated, reversibility 
of the reactions: 

H 2 O + so2(oh)no 2 .soiioii). + 

NO.OH ^ 802 ( 011)2 + V2hl20.i -(- V 2 H 2 O 

E. Divers^ also assumes two catalysts, nitrosulfoiiic acid and 
the hypothetical nitrososulfonic acid, ON.SO. 1 H. G. I,unge* has 

1. Zts. physik. Chein . 1904, 47, .51;); abst. Cheni. Centr. 1904, 75, I, 
1301; j. C. S. 1904, 86, ii, ;)28; J. S. C. I. 1904, 2$, 440; Bull. Soc. Chim. 
1905, 34, 1217; Rep. Chim. 1904, 4, 208; Jahr. Chem, 1904, 57, 457; Tech. 
Chem. Jahr. 1904, 27, 8:); Wag, Jahr. 1904, SO, I, 298; Zts. ang. Chem. 1904, 
17. 1552. 

2. J. S. C. 1. 1904, 23, 044, 1178; abst. J. C. S. 190.5, 88, ii, 83; Chem. 
Centr. 1905, 78, I, 569; Jahr. Chem. 1904, 57, 458. 

3. Sulphuric Acid and Alkali, 1, 1029. 
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modified his original tjieory so as to include a sulfonitronic acid, 
ON.(OH).S()jOH, the formation of which he regards as proved, 
as an intermediate compound: 

I. SO2 + NO2 + H2O = ON.(OH).vSOjOH 

II. 20N.(0H).S020H + O = 2ON.O.SO2OH + 

H2O = 2OH.vSO2.ONO + H.2O 

III. 2SO6NH2 + NO2 = 2 S 06 NH + NO + H2O 

IV. 2 S 02 ( 0 H)N 02 + H2O = 2 vS 02 ( 0 H )2 + NO + NO2 
V. 2 SObNH + SO2 + 2H2O = H2vS04 + 2 vSOsNH, 

VI. SObNH2 = no + HjvSOb 
VII. 2 NO + 02 = N.2O4 

Further theories have been advanced by E. Eoew,’ T. Meyer,^ 
C. Engler and J. Weissbcrg,’ M. Neumann,’ S. Littmann,^ K. 
W. Jufisch,* O. Wcntzki,’ W. Reynolds and W. H. Taylor,* W. 
Manchot,* E. Briner and A. Kuehne,'" W. Hcmpel," J. Brode,'^ 

1. Zts. ang. Chem. 1900,13, .3.38; abst. J. S. C. I. 1900,19, .'),34; Chem. 
Centr. 1900, 71, I, 1040; Jahr. Chem. IIKX), 53, 219; Tech. Chem. Jahr. 1900, 
23, 01; Wag. Jahr. 1900, 48,1, 327. 

2. Zts. ang, Chem. 1901,14, 124.5; 1902,15, 278; abst. J. S. C. I. 1902. 
21, 114; Chem. Centr. 1901. 72, I, 144, 1079; Jahr. Chem. 1901, 54, 242; 
1902, 55, 3.56; Wag. Jahr. 1901, 47,1, 407. 

3. "Kriti.schc Studicn iiljcr die Vorgange dcr Autoxydation,” abst. 
Jahr. Chem. 19(4, 57, 411. 

4. Zts. ang. Chem. 1!M)6, Mr 1702. D. R. P. 169729; abst. Mon. 
vSci. 1907, 87, 146; Chem. Centr. 1906, 77, I. Ua7; Chem. Ztg. 1906, 30, 
425; Zts. ang. Chem. 1(K)7, 20, 264, 974; Jahr. Chem, 190.5-1908, I, 1610; 
Wag, Jahr. 1906, 52, 1, 380. Cf. also G. Lunge, Zts. ang. Chem. 1906, 19, 
1931; 1907,20,207, 

5. Zts. ang. Chem. 1900, M, 1177; abst. J. ,S. C. 1. 1906, 25, 694; 
Chem. Centr. 1906, 77, II, 1143; Jahr. Chem. 190.5-1908, I, 1603; Wag. Jahr. 
1906, 52, I, 388. Compare Rrban and Peigensohn, Oe.st. Chem. Ztg. 1906, 
238 277 

’ 6. Chem. Ind. 1910, 33, 1,37; C. A. 1910, 4, 2715, 3122; .abst. Chem. 
Zcntr. 1910, 81, I, 1943. 

7. Zts. ang. Chem. 1910, 23, 1707; 1911, 24, 392, 1468; abst. C. A. 
1910, 4, 3122; 1911, 5, 1,322. Compare in this connection, F. Raschig, Zts. 
ang. Chem. 1907, 20, 694; 1910, 23, 2241; C. A. 1911, 5, 1322. E. Scandola, 
Zts. ang. Chem. 1911, 24, 160; abst. C. A. 1911, 5, 1663. 

8. J. ,S. C. I. 1912, 33, 365; Chem. Ind. 1910, 33, 137; abst. C. A. 
1910, 4, 2715. 

9. Zts. ang. Chem. 1910, 23, 2112; 1911, 24, 13; 1914, 27, 112; Ann. 

1910, 372, 1.53; 375, 308; abst. J. S. C. I. 1910, 29, .56.3, 1202, 1374; C. A. 

1911, 5, .571. V. Kohlschutter and M. Kutscheroff, Her. 19(4, 37, 3044. 

10. Compt. rend. 1913, 157, 448; abst. J. S. C. I. 191.3, 32, 941. L. 
Moser, Zts. anal. Chem. 1911, 50, 401; abst. J. S. C. I. 1911, 30, 802. 

11. Zts. ang. Chem. 1914, 27, i, 407; abst. Chem. Zentr. 1914, 85, I, 
2071; see also Zts. Elcktrochem. 1906,12, 600. 

12. ZU. ang. Chem. 1902, 15, 1081; abst. J. S. <7. I. 1902. 21, 1393; 
Jahr. Chem. 1902, 55, 355. 
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E. Divers,' and others,- but the final word lias certainly not been 
said oathis perplexing but important question. W. Reynolds ami 
W. Taylor’ revert to the early scheme of reactions: 

I. SO 2 -f II.,0 = IfoSth 

II. H 2 SO 3 + NO, = H 2 SO 4 NO 

III. 2NO -t- O, = 2NO, 

Recovery of Nitrogen Compounds. The recovery of the nitro¬ 
gen oxides passing out of the last chamber is a matter of great 
import in the economical working of the plant, and e\ery effort 
should be made to en,sure that this is done as efficiently as is 
possible. In some cases this recovery is not as perfect as might 
be, and losses of niter, the most expensive material used in the 
process, occur. 

The only method in use for the recovery of nitrogeif oxides 
in the chamber process is that proposed by (lay-lAissac in 1S27, 
viz., absorption in concentrated sulfuric acid. This acid does 
not absorb nitric oxide, but readily takes up nitrogen, NjOj, and 
N 2 D 4 . In the first case the sole product is nitrosulfonic acid, 
SD 2 ( 0 H)N 02 , which is readily decomposed on dilution with libera¬ 
tion of N 2 O,), or really a mixture of eqniniolecular amounts of 
NO and NO-, since NjO.i does not exist under the conditions in 
the denitrators: 

N2O2 -h 2112804 = 2 S 02 ( 0 F 1 )N 0 , + 11,0 

This reaction is reversible; when the acid is sufficiently diluted 
the nitrous fumes are almost completely evolved. 'I'lic range of 
concentration over which this occurs is quite narrow, so thift 

1. J. S. C. I. l!»n, 30, .'■jilt; Chem. News, liU I, 103, 20.'j; abst. Chem. 
Zentr. 1911, 82, I, 1894; It, 49,). 

2. J. Pclouze, Ann. 184(1, 60, 102. S. liainbiirger, J. ,S. C. I. 1889, 

8, 1(14. F. Hurter, J. S. C. 1. 1882, 1, ,12. F. Riedel. Zts. ang. Chem. 1902, 
15, 402, 808 . F;. Haageii, Zt.s. aiig. Chem. 1902, 15, ,’i 8 ,'i. O, Keppeler, 

Zts. ang, Chem. 1902, 15, 809. M. Trautz, Zts. jjhysik. Chem. lilO.'i, 42, 
,51.8; abst. Chem. Centr. 1904, 75, I, l.'lOl. A. Maiuil and F. Russ, Zts. ang. 
Chem. 1908, 21, 48(1. W. Holweeh, Zts. ang. Chem. 1908, 21, 2131. F. 
Foerster and M. Koch, Zts. ang. Chem. UH) 8 , 21, 2101, 2209. M. Boden- 
stein, Zts. KIektr(x:hem. 1910, 16, 870. 

3. J. S. C. I. 1912, 31, 307; abst. C. A. 1912, 6, 229.5. Cf. P. .Sabatier, 

Compt. rend. 1896, 122, 1417, 1479, li'>37; 123, 2.5,5; abst. J. .S. C. 1. 1896, 
15, 616, 662. H. Peterson, D. R. P. 2.58,5,54, 1912; abst. C. A. 19i3, 7, 2670. 
A. Names, Zts. ang. Chem. 1911, 24, 3882. Cost systems on sulfuric acid 
works are described by H. Bush, Chem. Age, 1919, 1, ,58; abst. C. A. 1919, 
13, 2110. • 
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undue dilution is unnecessary in denitratiag the sulfuric add. 

In the case of nitrogen dioxide, however, an equivafent of 
nitric acid is formed with the nitrosulfonic acid, and this is not 
decomposed by dilution; 

N!04 + HjS04 = S{)!(OH)NOj + HNOj 

It is therefore a disadvantage to have the oxides of nitrogen 
fully oxidized to NOa. In the dilute gas issuing from the cbmnbers, 
the stage of oxidation does not usually proceed beyond NjOj, 
espedally as a trace of SOj is still present. U. Benker* and U. 
Wedge® propose to add a regulated amount of SO 2 to the gases 
to maintain the nitrogen oxides in the state of NjOa. 

Gay-bussac invented an apparatus for carrying out the ab¬ 
sorption, now universally used, and called the Gay-Lussac tower. 
Although this was described in 1827, it did not come into use 
until 1842, and was not generally employed until about 1860. 
The extensive use of the Gay-Lussac tower only became possible 
when the Glover tower was invented, permitting of a simple 
denitration of the nitrous vitriol formed in the Gay-Lussac 
tower. 

The Gay-Lussac Tower for the absorption of the nitrous gases 
consists of resisting material placed at the end of the chamber 
system, the interior being filled with a packing material exposing 
a large surface over which fairly concentrated sulfuric acid is 
distributed. Tlie acid is separated by the packing into small 
drops, and the gasses passing up the tower are divided into a 
number of separate jets, so that an intimate contact between gas 
and absorbing liquid is effected. The tall form of the structure 
is necessary, otherwise it would be impossible to distribute the 
liquid uniformly over the packing, as channels would be formed 
which lead to defective absorption. The width must be such as 
not to impede the draft, and the cubical content is made up in 
the height of the tower, which is usually about five times the di¬ 
ameter, the tower being square in section. If necessary two or 
more towers are placed in series, and the gas is then sent to the 
bottom of one tower, rises through the tower, and is led by mains 
to the bottom of the second tower. It is not considered good 

1. E. P. 1168, 1895; abst. J. S. C. I. 1896, 15, 197. 

2. U. S. P. 1106099; abst. C. A. 1914, 8, 3354; Zts. ang. Chem. 1916, 
28, 116; Chem. ZU. Rep. 1915, 38, 114; Mon. Sd. 1914, 81, 179. 
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practice to pass gases down a tower in the same direction as the 
current of absorbing liquid. 

pie cubical capacity of the Gay-Liishac tower may be taken as 
at least 1% of the chamber capacity; larger towers being an 
advantage. In one works, known to the writer, a niter consump¬ 
tion of less than 2% is regularly attained because the Gay-Lussac 
capacity is unusually ample. For chamber sets of capacity 140,000 
to 200,000 cu. ft. the tower may be 6 ft. wide and 50 ft. high; for 
Smaller sets a tower 4 to 5 ft. wide and 40 ft. high may be used. 
It is advizable to use a somewhat higher tower than these. If 
sulfur is burnt, and the gases arc richer, a tower 30 ft. high is 
sufficient. An increased Gay-Lussac capacity is, of course, re¬ 
quired for intensive working. This may be 2% or :]% of the 
chamber capacity. 

The foundations of the tower may consist of brick or stone 
piers, or cast-iron pillars with girders to form a platfom* These 
should be well tarred to afford protection from acid, and are 
covered at the top with sheet lead, having a spout leading the 
acid drips beyond the brick or iron work. The framework of 
the tower is usually made with timber, altliough angle-iron may 
be used. Circular towers are not uncommon, with a frame of 
four uprights at the comers of a square, with iron supporting hoops, 
the timber frame being clear of the lead. 

The tower itself is nearly always constmcted of lead, 8-lb. 
being sufficient, with 10-lb. lead for the bottom. A lining of 
split bricks, put on dry, is sometimes added to prevent the pack¬ 
ing bulging the lead, but is unnecessary if the packing is care¬ 
fully done. The sheets of lead forming the sides should be in 
one piece from top to bottom, the sides being turned over* to 
overlap the next sheet, to which they are burnt. The overlaps 
must always be outside, otherwise they are quickly destroyed. 
This also applies to Glover towers. The bottom consists of a 
single sheet, with the four edges turned up, the comers being 
folded. Circular towers arc built up of dmms, supported by 
straps. Octagonal towers have been used of volvic stone, with¬ 
out lead shell. 

The packing of the Gay-Lussac tower was formerly, and is 
still largely, graded coke. Patent tower packings have been 
used for the purpose, and these are described in the next topic. 
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The advantage of coke is its large surface, and the ease with which 
it absorbs acid. The best hard-burnt oven coke must be em¬ 
ployed, gas coke being useless. It should be of a silvery white 
color and give a clear ring, being as little porous as possible. 
Large pieces, about a foot long, are first picked out and laid in at 
the bottom by hand over the grating at the bottom of the tower, 
consisting of acid-resisting bricks laid in without mortar. One- 
third of the tower is packed in this manner. The next third is 
packed with intermediate pieces, and lastly pieces not less than 
3 in. are filled in. Lunge* has shown that a slight reduction of 
nitrous vitriol occurs even with the hardest coke, leading to the 
formation of NO, which passes out of the tower. In the case of 
very high towers, one or more grids of iron may be put in to 
support the Weight of the packing. 

Owing to the gradual disintegration of the coke packing, it 
is necessary from time to time to empty and repack the towers, 
an operation unnecessary if acid resisting special packings, de¬ 
scribed in the succeeding topic, are used. The cleaning out and 
repacking of Gay-Lussac towers may, unless carefully conducted, 
lead to serious danger of poisoning of the workmen, fatalities being 
recorded. Nitrogen oxides, which are liberated when nitrous 
vitriol is diluted with water, are very poisonous and dangerous, 
and especially liable to attack men suffering from cardiac or pul¬ 
monary affections. Before beginning the work, the tower must 
be completely disconnected from the chambers, but the connec¬ 
tion with the chimney should be left open. The tower is then 
washed down first with sulfuric acid and then with water or 
steam until the liquor running off has a density less than 1.02. 
AVflile the coke is being taken out the chimney draft must be kept 
on, when unpacking from the top, the draft should be downwards, 
and when unpacking from below, the draft should act at the top. 
If this cannot be done, a large hole should be cut in the side at 
the bottom. The coke is taken out from the sides as well as 
from the top, and the coke removed at different levels if the 
tower is very tall. The workmen should wear respirators and 

1. J. vS. C. I. 1885, 4, 31. Zts. ang. Chem. 1890, 1, 195. See P. 
Hallwell, Chem. Ztg. 1893, 17, 263. For precautions in re-packing towers, 
to prevent fatal poisoning of workmen by nitrous fumes, see Alkali Inspectors 
Rep. 31, 90; 1912, 49, 12. Schubert, Chem. Ztg. Rep. 1912, 38, 26. Chem. 
Iml. 1891, 14, Beilagc, p. 30. Chem. lud. 1904, 27, 296, 379. 
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rubber gloves. The mud at the bottom should be stirred up with 
water until it no longer gives off red fumes, before it is removed. 
Chloroform is an antidote against nitron* vapors, although oxy¬ 
gen has been recommended in preference.' 

Soc. Anon, des Produits Chimiques de la Manufacture de 
Javel," propose to reduce the size of the Cay-Lussac tower by 
first passing the gases through a special lead-lined tower down 
which a shower of acid falls on to a layer of coke. H. Petersen" 
interposes extra Gay-Lussac and Glover towers, rinsed with acid 
of about .54° or 55° B^. and weaker than the usual acids, between 
the ordinary Gay-Lussac and Glover towers and the chambers. 
A. Taraud and P. Truchot' wash with water and cool the gases 
passing from the tower, or treat them with alkaline licpuds to 
free from acid mist. The latter may be removed by chalk, and 
the nitrous gases then absorbed by alkali. A. Burkhardt’’ pre¬ 
pares sulfuric acid by bubbling gases containing SO.> through 
dilute .sulfuric acid so as to charge them with the necessary amemnt 
of water vapor, and then through nitrous vitriol. L. Laufer* ab- 
.sorbs the gases not taken out by the Gay-Lussac tower by pass¬ 
ing through water, and then recovers. W. Kee and U. Wedge’ 
subject the gases at one or more points between the Glover and 

1. K. Reusch, Cliem. '/.Ig. 1911, 35, 27^, 2flS. 

2. R. P. 10871, 1.S.H.I; D. R. P. 30719; ahst. Wag. Jalir. 1H.8.'), 31, 218; 

J. S. C. I. 1885, 4, 41)0. 

3. D. R. P. 220793, 1909; abst. C. A. 1911, 5, bSOl; Zts. ang. Chem. 
1910, 23, 2294; Chem. Zentr. 1910, *1, II, 134.S; Jahr. Chcin. 1910, 53, I, 
.72.5; Chem. Ztg. Rep. 1910, 34, .527; Wag. Jalir. 1910, 56, 1, 410; Mon. Sci. 
1914, 81, 87. D. R. P. 208028; abst. Zts. ang. Chem. 1909, 22, 748; Chem. 
Zentr. 1909, 80, I, 1279; Jahr. Chem. 1909, 62, I, 487; Chem. Ztg. Rep., 
1909, 33, 180; Wag. Jahr. 1909, 55, 1, 337; Mon. Sci. 1912, 77, 82; Zts. Schics.s. 
Spreng. 1909, 4, 210. K. P. 27738, liMI7; abst. J. S. C. I. 1908, 27, 981. 

K. P. 11,559, 1907; abst. C. A. 1908, 2, 308; J. .S, C. I. 1907, 26, 1090. Aujt. 

P. 393,50, 1909, 

4. K. P. 10800, 1911; abst. C. A. 1913, 7, .540; J. S. C. 1. 1912, 31, 817. 

1). R. P. Anm. T-104.57. R. P. 9401, 1911; abst, C. A. 1912, 6 , 282fi, J. S. . 
C. I. 1912, 3L 129. U. vS. P. 1008021; abst. C, A. 1913, 7, 2997; Chem. Ztg. 
Rep. 1913, 37, 498; Mon. .Sci. 1914, 81, 10. D. R. P. 208815; abst. C. A. 
1914, 8, 1651; Zts, ang. Chem. 1914, 27, 127; Chem. Zentr. 1914, 85, 1, .505; 
Chem. Ztg. Rep. 1914, 38, .37; Wag. Jahr. 1914, 60, I, 297. I). R. P. 277.324; 
abst. Zts. ang. Chem. 1914, 27, .500; Chem. Zentr. 1914, 85, II, .590; Chem. 
Ztg. Rep. 1914, 38, 479; Wag. Jahr. 1914, 60, 1, 297, R. P. 42.5913 and addi¬ 
tion 10091 thereto; abst. Chem. Ztg. 1913, 37, 272. 

5. R. P. 29.508, 1912; abst. C. A. 1914, 8, 2040; J, S. C. I. 191.3, 32, 

1109. 

0, R. P. 481131, 1910; abst. J. S. C. I. 1917, 36, 130; C. A, 1917, 11, 
2945; Ann. Rep, Soc. Chem. Ind. 1917, 2, 178, 

7. U. f). P. 1220752; .abst. C. A. 1917, 11, 1732; J. S. C. I. 1917, 36, 
547; Ann. Rep. Soc. Chem. Ind. 1917, 2, 181. 
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Gay-Lussac towers to the action of an electric discharge. Rever¬ 
sion of nitrogen oxides to their elements is prevented by subject¬ 
ing them immediately after their formation at the high tempera¬ 
ture of electric arcs, to contact with sulfuric acid at a temperature 
at which it will absorb the oxides. J. Parent* introduces cold 
nitrous vitriol from the Gay-Lussac tower by means of pulsoraeters 
into the leading chambers or into two small towers, preferably 
unpacked, situated between the chambers.® 

At the works of the Griesheim Elektron, a centralized method 
of working the Gay-Lussac towers is used. Seven large sets of 
chambers are operated, each possessing ordinary Gay-Lussac 
towers. All of these communicate with a large common tower, 
10 ft. by 30 ft. section, in which the nitrous vitriol formed is dis¬ 
tributed in the proper amounts to the others. 

Working the Gay-Lussac Tower. The main points for atten¬ 
tion in ihe working of this tower are that the gas should be prop¬ 
erly oxidized before passing into the tower, since nitric oxide is 
not absorbed by sulfuric acid; that the gas shall be as cool as 
possible; and that it shall be dry. The most important point is 
that the licpiid acid used in the tower shall be as cool as possible, 
since the efliciency of absorption of nitrogen oxides in sulfuric 
acid of the strength used in the tower, viz., Glover aeid of 78% 
H{S 04 , diminishes very quickly with the temperature, much more 
rapidly than with stronger acid. 

The last chamber should receive practically no steam, so 
that its acid remains at about 106° Tw., and the gas may be 
' conducted from the chamber to the tower through a long pipe or 
tunnel, or a special tubular cooler® interposed between the last 
chamber and the Gay-Lussac tower. 

The acid used in the tower should have a density of at least 
* 144° Tw.; stronger acid is still more efficient if it can be procured. 
Acid of 152° Tw. can be obtained from a Glover tower, and this 
is a suitable strength for use in the Gay-Lussac tower. The acid 
should be used cool, and may be passed through a refrigerating 

1. E. P. 44ga'i5. 1011; abst J. S. C. I. 1913, 32, 486; Mon. Sci. 1914, 

81,4. 

2. Z. Littmann, D. R. P. 281005, 281537; abst. C. A. 1915, 9, 1538, 

1981; Zts. ang. Chem. 1915, 82; Chem. Zentr. 1915, 86 , I, 176, 280; 

Chem. Ztg. Rep. 1915, 39, 1, 38. R. Cellarius, U. S. P. 848631; abst. C. A. 
1907, 1, 1783. See also Anon., Ind Chim. U, 137; abst. C. A. 1911, S, 3501. 

3. E. Hartmann and F. Benker, Zts. ang. Chem. 1906,19, 136. 
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system before entering the distributing apparatus at the top of 
the tower. The cooler may consist of a trough of hear'j' lead, 
about 2 ft. square, which contains one or two .spiral lead coils 
through which cold water is circulated. The temperature should 
be reduced to 40° or even less. If there is a sludge valve at the 
bottom of the tank, mud may be periodically run off.’ 

In the ordinary working of the chamber process, at least 
half the total acid made passes through the Gay Lussac tower. 
In some cases the whole of the Glover acid is passed through 
this tower. In intensive working, double or more the daily pri)- 
duction of acid must circulate through the Gay-Lussac tower. 

The nitrosity of the acid from the Gay-Lussac tower, which is 
measured by a nitrometer, should correspond to 1*, - 2 V 2 ' c N2O3. 
The acid should be but slightly colored, and have but a faint 
odor of nitrogen oxides. Wlien mixed with water, especially hot, 
it should effervesce, and give off red fumes of nitrogen oxides. 

The absorption may be controlled by glass sights before and 
after the tower, the draft being carefully controlled. 

Tower Packing. Although coke-packing is still largely used 
for the Gay-Lussac tower, its tendency to disintegrate and ulti¬ 
mately choke up the apparatus has led to the use, in its place, 
of a large variety of special packings, mostly ('f acid-resisting 


stoneware. 

A general discussion of such types of tower packing is given, 
with data, by “P,”'' F. Schobner,'* F. laidwig,'* R. llein/.,'^ 'I'., 
Liebig,® H. Petersen,’ and J. Partington and L. Parker.® Apart 
from mechanical requirements such as resistance to crushing 
weight, convenience in handling and jiacking, and the obvious 


1. W. Crowder, J. S. C. I. 1891, 10, :10(). .See also O. Lunge, Coal, 
Tar and Ammonia, 4th VA. 72(>. T. Kenyon, H. F- 11491. 1808. K. Ku- 
bicrschky, E. P. 2749C, 1907; abst. J. .S. C. 1. 1908, 27, 880. <). Mueller, 
E P 1128 1911' abst. J. .S. C. I. 1911, 30, 180.5. E. P. 28248, 1910. R. 
Windoe and B. Hart. E. P. 20148, 1901; abst. J. S. C, I. 1902, a, 1183. 

2 Gas World. Coking .and By-Products .Section, 1918, 69, No. 1772, 
15; abst. C. A, 1918, 12, 2429. , 

3. Tonindustrieztg. 1913, 37, 1429; abst. C, A. 1914, 8, 214. lice also 
F Zeisberg, Amer. Inst. Chem. Eng. Dec. 1919; Chem. Met. Eng. 1919, 21, 
766; abst. J. S. C. I. 1920, 39, 143-A. 

4. Chem. Appl, 1914, t, 271; abst. C. A. 1915. 9, 2.58. 

5. Zts. ang. Chem. 1906, 19, 1993; 1918, 26, 419; abst. C. A. 1907, 1, 
343' Id 13 T 3202 

’ 6. Zts. ang.’ Chem. 1906, 19, 1806; abst. C. A. 1907, 1, 225. 

7. Zts. ang. Chem. 1911, 24, 972; abst. J. S. C. I. 1911, 30, 800. 

8. J. S. C. I 1919. 38, 75-T: abst. C. A. 1919, 13, 2109. 
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necessity that the material shall be acid-resisting, the chief points 
to be noted in connection with a tower packing material arc the 
surface it presents per cu. ft. occupied by the packing, the sur¬ 
face per cu. ft. total space, the surface per cu. ft. free space (not 
taken up by material of packing), and the percentage of free 
space left by the packing. Some types of packing are satisfactory 
in one or other of these characteristics, but faulty in others. It 
is necessary to take into consideration all these points in deciding 
on the merits of a particular packing material, and as many of the 
articles written on the subject are of an advertising character, 
they are of little real value. The case for coke packing has been 
discussed by A. Hutin.* 

A well known type of tower packing is that of O. Guttmann,’* 
which consists of perforated earthenware balls, about 8 in. diam¬ 
eter. While these expose a large surface and take up very little 
of the capacity, they are exceedingly fragile, and as they are 
relatively expensive, their use for large towers is almost pro¬ 
hibitive. Many of the balls are usually broken in filling the 
tower, even with ordinary care, and they also become crushed by 
the weight of packing above them. Another type of packing 
devized by O. Guttmann’ is a solid ball, but this sacrifices the 
small space taken up by the original type, and presents no addi¬ 
tional advantages. 

A more resistant form of packing is the stoneware ring, or 
tube, of which modifications have been described by F. Raschig,'' 
who uses small rings from 1.5 to 50 mm. diameter and height, and 
with walls 1 mm. thick, which may be heterogeneously placed in 
the tower so as to lie irregularly; by H. Petersen,® who uses hol- 
^low rings having the shape of a regular polygon with an odd nuin- 

1. Rev. Prod. chim. 1018, 21, 1(19; abst. C. A. 1919, 13, 201. See 
also P. Spence & Sons, Chem. Trade J. 27, 262. 

2. E. P. 11774, 1896. See J. S. C. I. 1898,17, 994. 

8. E. P. 24847, 1899. 

4. E. P. 6288, 1914; abst. J. S. C. I. 1914, 33, 907; C. A. 191.6, 9, 243.8. 
D. R. P. 286122; abst. Wag. Jahr. 1915, ML, I, 333; Chem. Ztg. Rep. 191.5, 
39, 306; Zts. ang. Chem. 191.5, 28, II, 444. D. R. P. 292622; abst. Wag. 
Jahr. 1910. 62, I, 282; Chem. Ztg. Rep. 1916, 40, 237; Zts. ang. Chem. 1916, 
29, II, .868; J. S. C. I. 1916, 35, 916. II. S. P. 1141266; abst. J. Gasbeleucht, 
1016, 697. Zts. ang. Chem. 1918, 31, 183; abst. J. S. C. I. 1918, 37, 677-A. 
See F. Ludwig, Chem. App. 1916, 2, 247; abst. C. A. 1916, 10, 94. 

5. E. P. 15406, 1907; abst. J. S. C. I. 1908, 27, 796. F. P. 378454, 

1907; abst. J. S. C. I. 1907, 26, 1130. D. R. P. 302753, 1913; abst. J. S. C. I. 
1918, 37, 400-A. • 
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ber of sides, and provided with undulatjiiiK grooves or channels; 
by J.*M. Gibson and the Buckley Brick and Tile Co. (BiiKland),' 
who use tubular pieces having on the outer, or inner and outer, 
surfaces a series of horizontal grooves or channels to lu>ld the 
liquid; and by the B. Mifflin Hood Brick Co., Atlanta, Ga., who 
use rings with an internal spiral which serves to mix the gases. 
Larger rings, stacked in tiers in the towers, may also be used. 
These arc usually about 4 in. high and 4 in. diameter, of resisting 
stoneware. The drawback to all such types of packing is, in 
addition to the expense, which, however, is not so great as when 
balls are used, that they retain practically no acid as compared 
with porous coke. Intermediate layers of packing and coke may 
be used to overcome this drawback." 

Ordinary acid-resisting bricks, and a variety of speciid .shaped 
bricks and blocks, have been used for packing. Accrington 
Brick & Tile Co. Kng.,^ use channeled packing blocks arranged 
so as to produce long, narrow, inclined passages. The Ribbertsche 
Braunkohlen-und Tonwerke* provide the packing blocks on their 
whole .surface with grooves and projections. W. Green and Hun- 
coat Plastic Brick & Terra Cotta Co., Kng.,‘ use layers of bricks 
or tiles of earthenware or terra cotta, arranged in layers so that 
the liquid from the outlets in one layer drops into troughs on the 
top of the next, the blocks being provided with complicated chan¬ 
nels on their surfaces for this purpose. J. Harris and 1). Thomas" 
use spaced rows of stepped bricks, some of which rest on projec * 
tions from the lining of the tower. The packing bricks are 
stepped at the sides and ends otdy, and in the latter case have 
tongues at the upper ends to engage the projections of the lining 
bricks. !5. Wheatley, F. Sheldon and J. Tomlinson' use flat tiles, * 
provided near their ends with projections at opposite sides. 'J'he 
tiles are placed on their sides against each other in .superposed 
rows, and each of the projections has two points of contact with 
the tile above and below it. G. Lunge and L. Rohmiann'' use 

1. K. P. 2.3052, 1900. 

2. Karbcnfabr. vorm. P. Bayer & Co.. F. P. 421952, 1010. 

4. E. P. 8152, 1915; abst. J. S. C. I. 1910, 35, 537. 

4. D. K. G. M. 573710. 

5. E. P. 28004, 1910; abst. C. A. 1912, 6, I.'iOO. 

0. E. P. 7055, 1915; abst, J. S. C. I. 1910, 35, 17,5. 

7. E. P. 17452, 19! 1; abst. J. S, C. T. 1912, 31, 334. 

8. E. P. 0910. 1897. Belg. P. 127142, 1897. 
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bricks with a central opening surrounded on the upper surface 
by a rib, and at some distance from this rib another and higher 
rib, so there is a channel between the two ribs. The under sur¬ 
face is provided with a V-shaped groove surrounding the central 
slot. l,aycrs of two varieties of these blocks are interposed by 
layers of ^lain resisting bricks. H. Nielsen’ discusses various 
types of packing, including a fonn composed of three or more 
arms or blades radiating from a central boss. 

W. Wyld and vS. ,Shepherd,* use bricks or blocks of different 
widtlis to form the lining of the tower, so as to leave ledges on 
which rest strips of glass or other material composing-the pack¬ 
ing. R. Sauerbrey and A. Wuhschc* use shaped dish-like blocks, 
with central depressions and connecting channels. W. Oates and 
E. B. Robin.son’ employ hollow packing pieces shaped like vases, 
tapering to both ends, provided with slits, which are stacked in 
the towers. The lower ends of the sections are open; the upper 
ends may be open or closed. W. Coxon* lines the tower with 
acid-resisting tiles, rebated together and kept in place by grooved 
tie-bricks built into the wall at intervals. The whole is cemented 
with acid-resisting cement. E. Keller* advocates towers pro¬ 
vided with reversely arranged baffles having spiral, radially 
disposed deflecting blades. L. Boeing’ describes a filling com¬ 
posed of shallow dishes arranged in rows one upon another, pro¬ 
vided with raised rims having notches. C. Claus* describes the 
jJreparation of acid-resisting material from Canister or Dinas 
brick, calcined, chilled with water, finely ground, mixed with a 
sma'll proportion of lime, moulded, dried, and burnt at a high 
temperature. I. Schlossberg* works up quartzite, collodial silica 
and lime, with a flux of glass or ground bricks into a mass from 

1. Nitrogen Product."! and Carbide Co.. Ltd., and H. Nielsen, C. P. 
26269, 1913; F. P. 465937. See also Chem. Trade J. 54 , 56.5, 621; 55 , 97. 
O. Guttmann, Chem. Trade J. 54 , 671; 55 , 98. 

2. K. P. 8317, 1907; abst. J. S. C. I. 1908. 27 , 492. 

3. D. R. P. 158715, UK)3; abst. J. S. C. I. 1905, 24 , 664. 

4. B. P. 10991.5, 1917; abst. J. S. C. I. 1917, 35, 1170. 

5. E. P. 11301.5, 1917; abst. C. A. 1918, 12 , 11.38; J. S. C. I. 1918, 17 , 
173-A. 

6. U. S. P. 1247280, 1917; abst. J. S. C. I. 1918, 37 , 56-A.' 

7. E. P. 12841. 1899. 

8. E. P. 4108, 1882. 

9. D. R. P. 258683; abst. Wag. Jahr. 1913, 59, I. 577; Chem. Zentr. 
1913, 84 , I, 1559; Chem. Ztg. Rep. 1913, 37 , 231; Zts. hng. Chem. 1913, 
26 , 285; C. A. 1913, 7 , 2670. D. R. P. Anm. Sch-43938. 
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which blocks are moulded. These are treated with hydrofluo- 
silicic or hydrochloric acids, the lime salts removed by washiuR, 
and the blocks burnt. 

• E. Hofling' arranges the towers with packing in the form of 
a spiral stairca.se, or of pieces of tubing^ provided with holes and 
diaphragms. K. Mescher’ employs perforated plates with spouts 
which force the gases to change direction. K. Knbiersehki^ uses 
wire spirals made up into plates. M. Kypke,'’ I'lie 1'ricdriehsfeld 
Ceramic Works' and P. Kestner^ also describe stoneware jiackings. 


The packing of towers with Lnnge plates* for use as Cay- 
Lussacs has also proved successful. I.nngc recommends the use 
of plate towers for each set, the exits being combined and led into 
a large central coke tower. The large amount of acid used for 
feeding the latter is then distributed among the separate plate 
towers. In this case the action of the coke on the nitrous com- 


1. D. R. P. 272608, 277()4(); abst. VVaR. Jalir. 1614. 60, I, 2it;3, 294; 
Chem. Zentr. 1914, 85, I. 16M; II, 812, CliiMii. ZIk- Rep 1914, 58, 2,'10, 499; 
Zts. ang, Chcin. 1914, 27, II, 622. 

2 D R. P. 281135; abst. Cluni. Zcnlr. 19b>, 86 , 1, In; Chem. Ztg. 
Rep. 1915, 38, 2; Zts. ang. Chem. 191,5, 28, II, .S.i; Ann. Rep. Soc. Chem. 

Ind. 1916,1, 110; Wag. Jahr. 1915, 61, 1,212. 

3. D. R. P. 259764; abst. Wag. Jahr, 191.1 59, I, 510; Chem. Ztg. 
Rep. 1913, 37, .3.30; Zts. ang. Chem. 191.3, 26, .3.57, C, A. 191.3 7, :i051. 

4. D. R. P. 2,59362; abst. Wag. Jahr. 1913, 59, I, bol; Chem. Ztg. Rep. 
1913, 37, 318; Zts. ang. Chem. 1913, 26, .310; C. A. 1913. 7. 3051 

5 D. R. P. 97208; abst. Wag. Jahr. bS9.8, 44, .127; Chem. Cenir. 1898, 
69, II, 514; Zts. ang, Chem. 1898, 11, .5,88. 

6. O. Franz and Deutsche Steinzengwaarenfabnk, 1), R. 1. 89026, 
abst. Wag. Jahr. 1896, 42, 1144; Chem. Ztg. 1896, 20, 974. 

7. K. P. 131.502; abst. J. C. I. 1019. 38, 764-A. Cf. P. Gilchrist, 

^ ^ 8^^ Sct^P Lhty, Zts. ang. Chem, 1897, 10, 48.5. H. Niedenmiir. Chem. 
Ztg. 1897, 21, 176. H. Petersen. Zts. ang. Chem. 1911, 24, 972; abst. J. -S. 
C I 1911 w, 8(X). S. Kohn. Chem. Ztg. 1907, 31, 758; abst. C. A. 1907, 
1.'2817 See also I,. Deruelle. U. S. P. .578.548, 1897. F. Moore and J. Hall, 
Acid Condenser, U. S. P. 986816 U. Wedge, Condenser for Vapors and 
Gases, U. S. P. 1012487. O. liliel, Aijparatus for manufacturing sulfuric, 
U S P 72.5427. Material for fdling sulfuric acid towers, C. Heinz, Chemical 
Engineer, July 1916, p. 113. C. Graham, Tower for condensing acid, lb S. 
P 4.36414 G. Hiinisch, Boiling and precipitating tower, C. S. P. 4/7/.'Cy 

G. Lunge, Apparatus for treating liiinids with pses, I;. S, P. 48512(.. E. 

Barbicr, Process and apparatus for making sn fiinc, 1 . S. I. o- .>.88-. N. 
Pratt, Process and apparatus, for making snlfiirie. 1 ,1 • 

Scherfenlierg, Structure made of bricks for reaction towers L, S. 1 

H. Petersen, Filling for reaction chambers, Ij. S. I. 8.(9898 and If. b. 1. 
899899. O. Guttmann. Filling material for re.action spaces, U ,8 I 9D310. 
W. Hommel, Liquid distributors for absorption towers. E. I . 1.1668, 1908. 
O. Nicdenfiihr, Filling for reaction towers, D. R. P. “16.342- H. Vollberg, 
Filling bodies for reaction towers, D. R. P. 247950. R. Moritz, Columns 
tor absorption and reaction towers, F. P. 462877. C, Schcer 8t Co., I urifica- 
tion of gases in reaction tower, Aust. P, 40901. 
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pounds is insignificant, on account of the low temperature and 
the small percentage of nitrous compounds in the acid. 

Distributing the Feed Acid. The importance of evenly dis¬ 
tributing the feed acid over the packing of the tower has already 
been emphasized. Many devices have been used for this pur¬ 
pose, as the so-called Acid Wheel, devized by Schaffner. In the 
top of the tower there are 16 holes, through which acid trickles 
, down on the packing. Each hole has a rim about 1 'A in. high, 
covered with a lead cap serrated at the edges to a depth of Vi iu. 
As soon as the tray is filled with acid, the latter runs through 
the holes into the tower, and gas cannot escape on account of 
the acid seal. The spreading of the acid is effected by a small 
reaction wheel supplied from a tank with a tap regulating the 
feed. Ihe lower part of the wheel and the two arms are of lead, 
into which is fixed a strong glass tube above, and a short glass 
tube below, drawn out to a point running in a socket of glass or 
lead, one of the arms carrying a glass tube from which acid dis¬ 
charges. A guide, consisting of two parallel rods of glass or 
lead, rests on frames fitting into the slots, and carrying four 
crossed glass tubes forming a square, inside which the upright 
tube revolves. The axle of the wheel is exactly in the center of 
the tower, and a lead cylinder 4 in. high is burnt on beneath. 
From this radiate 16 lead ledges burnt to the top lead, and branch¬ 
ing off at equal distances. Beyond an imaginary circle, repre¬ 
senting the maximum distance which the rotor throws acid, 
these lead strips change direction, so that each of the 16 holes 
comes between tyio strips. 

Instead of using wheels, which sometimes stop, an overflow 
arrangement may be applied, in which the liquid runs into a 
central vessel provided with a loose cover. From this vessel, 
V'hich is serrated at the bottom, the acid runs into a trough pro¬ 
vided all round its circumference with spouts, as many as .30 
or 40 of which may be used, and must discharge equally. The 
trough is surrounded by a wider trough divided into as many 
cells as there are spouts. Each cell is independent, but par¬ 
titions are cut out on the top so as to permit overflow in case of 
stoppage. Each cell has a luted discharge pipe covered writh 
a cap. 

Other types of distributer have been described by F. 
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Briegleb,' J. Brock and B. Sayc," W. Udinniel and the Metals 
Extraction Corporation,’ F. Klutc and H. Ising,* and Farbcn- 
fabrik.vorm. F. Bayer & Co.’ * 

T. Briggs" uses a conical distributer, fluted outside, below 
which is a perforated disc, the holes in which correspond with the 
outlets of the distributer. C. Fowler and Iv Medley,’ cause the 
liquid to run from the outside to the center, where it is atomized 
by revolving discs. A new feeding dexice is described by the 
Steinzeugwarenfabrik f. Canalisation in Friedrich.sfeld ;* it has 
no revolving parts, and only one opening in the top of the tower 
is reejuired. H. Pauling® uses an intermittent spreader, fed from 
above and having a spray below. The spread of the spray is 
gradually diminished as liquid empties, so that all the parts of 
the tower section are wetted. W. Noll'" also dc.scribes spraying 
apparatus. 

The regularity of the acid supply is important, and this can¬ 
not be secured by simply emptying it from a tank, as the velocity 
of flow then decreases with the fall of head of liquid in the tank. 

A mechanical feed apparatus may be used, one type consisting 
of a vessel placed mouth downwards in a trough so that its mouth 
is hydraulically luted. As acid empties, the neck is opened, and 
acid runs out. 

The balancing type of apparatus is also used. In this a large 
lead-lined tank on the to]> of the tower is periodically filled. A 
lead cylinder 12" wide, communicates with the bottom of the 
tank through a lead tube which has a valve-seat of hard lead.^ 
'I'he valve-seat is covered by a ball of hard lead with a guide rod 

1. 1). R. P. l(«8(i; al)st. Wat;. Jahr. 1880, 26, 220; J. A. C. S. 18t<0. 

2, .277. 

2. K. P. 11402, 188.7; abst, J. .S. C. I. 1880, 5, 187. 

.2. H. P. 10008, 1008; abst. J. S. C. I. 1000, 28, 1112; Cliem. Ztg. Rep. • 
1010, 34, 170. 

4 I) R. P, 200270; abst. Cheni. Zentr. 1000, 80, I, 1020; Jahr. Cliein. 
1000, 62, I, 280; Cheni. Ztg. Rep. 1900, 33, 278; Wag. Jahr. 1000, 55, 1, 010, 

r>. I). R. P. 241707; abst. C. A. 1012, 6, 2I.')2; Zts. aiig. Chem. 1012, 

25, 120; Chem. Zentr, 1012, 83, I, 171; Chem. Ztg. Rep. 1012, 36, 27; Wag. 
Jahr. ton, 57, I, 0.72. 

0. U. .S. P. 10226.77; abst. C. A. 1912, 6 , 2070, 

7, I!. P. 22864, 1011; abst. C. A. 1012, 7, 1211; J. S. C. I. 1012, 31, 
1107; Chem. Ztg. Rep. 1012, 37, 192. 

8. Described in Met. Chem. ling. 1011, 9, 012; abst. C, A. 1012,6,414, 

0. K. P. 22321, 1910. 

10. D. R. P. 27660.7; abst. Zts. ang. Chem. 1014, 27, ,720; Chem, Ztg. 
Rep. 1914, 38, 442; Wag. Jahr. 1014, 60, I, .708. 
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above of the same metal, which is operated by a drain from a 
balance arm swinging on a steel edge. The other side of this 
arm carries a float dipping into the acid. The level of this acid, 
and therefore the rate of efflux, are thus kept constant. The 
Semper idem apparatus, made by the VereinigteTonwaarenwerke, 
Charlottenburg, employs a floating siphon, carried by a bell. 

Pumping the Acid. On account of the height of the Gay- 
Lussac towers, it is necessary to force the acid from the Glover 
tower, where it is concentrated, to the top of the Gay-Lussac 
tower by means of special pumps or acid elevators. The material 
of which these pumps is constructed must resist the action of 
sulfuric acid of the concentration in which it is produced in the 
Glover tower; such materials being lead, cast-iron and stoneware. 

The oldest method of lifting the acid, and one which is still 
largely used, is by means of acid-eggs, or montejus, which are 
closed vessels containing acid and provided with a lift-pipe, or 
tube reaching to the top of the Gay-Lussac tower, an inlet pipe 
for acid, and an air-pipe, through which compressed air from a 
blowing-engine is admitted and forces the acid from the egg to 
the required place. 

The dimensions of the blowing engine vary according to the 
size of the plant; for a set of chambers of 140,000 to 200,000 cu. 
ft. capacity a steam cylinder of 8 in. diameter, an air cylinder of 
12 in. diameter, a stroke of 18 in., with 40 to 60 r. p. m. are suffi¬ 
cient. In this case the air is delivered through a I'/i-l'A in. 
, pipe. To prevent acid being carried back to the pump, and 
corroding the valves, the lead air pipe is carried upwards for 
10-13 ft. and then downwards to the egg. A small cock is 
soldered on near the pump, to relieve air pressure when the 
■ pumping is finished. 

The original type of acid egg was a cast-iron vessel with a 
lekd lining. Horizontal cylinders with bolted covers are more 
convenient, but the latest pattern is a horizontal cylinder with 
one semi-circular and one neck-shaped end, the latter closed by 
a manhole cover. These vessels need not be lined with lead. 
Stoneware acid eggs are shaped like Woulfe bottles, with three 
necks, and are made of very thick and strong ware. 

In the acid tanks the pressure valve consists of a cylinder of 
strong lead, communicating with the tanks by pipes ending in 
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the bottoms of the tanks in valves of reguhis metal operated by 
lead-covered handles. When acid is to be run from the tanks 
to the the valve in the tank is opened .♦the bottom valve also 
being open, and operated by a lead-covered rod, ending above 
in a screw turned by a hand wheel. The rod and wheel arc 
carried by a very strong iron frame bolted to the bottom joists. 
When the vessel is full of acid, the valve is screwed down tightly 
by the wheel, and the stopper is put in the tank seating. The 
acid may now be raised from the egg to the top of the tower by 
compressed air. When the egg is blown out, the air pressure is 
released, the vessel being emptied by gravity into the egg. 

Harrison Blair's self-acting egg consists of a valve box and 
the delivery pipe, into which a tube enters a little above the 
egg. Wlien the vessel is full, the escape of air is stopjied by the 
liquid, which is forced upwards, and which, acting as a siphon, stops 
the passage of air. 

A pulsometer may also be used for raising acid, which usually 
consists of a cast-iron vessel filled from a supply tank by a pipe 
containing a non return valve. The compressed air is admitted 
and the acid raised through a pipe. During the filling of the ves¬ 
sel the air escapes through aperafurcs. A. vSimon' uses two 
pulsometers. The pulsometer apparatus has been considerably 
improved by P. Kestner,'* who replaced the siphon by a float 
valve. Kestner’s elevators have been largely used instead of 
acid eggs. The recent type of apparatus is constructed of cast- 
iron. The acid runs in from a tank placed at an elevation, through 
a valve into an elevator. When this is filled the acid raises a 
float which operates by a rod on a valve, at the same time shut¬ 
ting the outlet valve so that air forces the acid up the exit piiie. 
Part of the compressed air enters when all the liquid has been 
driven out, and owing to the diminution of pressure, the float 
descends, opening the air outlet and closing the air inlet. Different 
modifications of this very successful apparatus have been devized. 

Acid elevators have been described by the Deutsche Stein- 
zeugwaarenfabrik, of Friedrichsfeld,’ P. Schtitze of Oggersheim,* 

1. Zts. ang. Chem. 1890, S, 356; abst. Wag. Jahr. 1890, 36, 591. 

2. J. S. C. I. 1903, 22, .337. Chem. Ztg. 1910, 34, 734. See also O. 
Guttmann, T. S. C. I. 1903, 22, 1333; Zts. ang. Chem, 1903,16, 915. 

3. D. R. P. 145599, 145600; abst. Chem. Ind. 1905, 28, 432. A. 

4. Described by A. Innerhofer, Rng. Min. J. 96, 330; abst, C. 
1910, 4, 2715. 
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G. Plath and the Deultsche Ton-und Steinzeugwerke of Charlot- 
tenberg,* C. Scherb,* the Badische Co.* and T. Meyer.* The latter 
used centrifugal pumpst and states that a considerable ampunc of 
power is wasted in compressed air elevators. Acid pumps have 
been detailed by R. Moritz,* and A. Ferraris.® The "Mammoth 
pump” elevator is described by A. Borsig,* and C. Nagelschraidt* 
has patented an arrangement for avoiding splashing when ele¬ 
vators are used. The general question of raising liquids is dis¬ 
cussed by Deimler* and others.'® 

The Glover Tower. The recovery of the nitrogen compounds 
in the chamber system was only possible on an extended scale 
after the invention of the Glover tower, since, although with the 
Gay-Lussac- tower it is possible to absorb the nitrogen oxides 
from the exit gases, so long as there was no convenient means of 
returning these gases into the system, this step was but of little 
use. 

'Gie Glover tower was invented by John Glover, an acid 
manufacturer of Newcastle, Rngland, in ISoO." At first the use 

1. D. R. P. l.TOOTO; abst. Wag. Jalir. 1905, 51, I, ,548; Zts. ang. Chem. 
1905, U, 749; Chem. Zts. 1905, 4, .488. Cf. also Zts. ang. Clicm. 1907, 20, 
1180. 

2. E. P. 10051, 1907. 

,4. D. R. P. Anm. B-00109. 

4. Zts. ang. Chem. 1910, 23, 1.556; abst. C. A. 1909, 3, 2982. 

5. K. P. 4413(H, 1912; abst. C. A. 1913, 7, 404. 

0. R. P. 4482, 1914; abst. J. S. C. I. 1915, 34, 263. F. P. 457936. 

7. Chem. Ztg. 1914, 38, 274. 

8. D. R. P. 279074; abst. J. S. C. I. 191.5, 34, 227; C, A. 1915, 9, 1231. 

, 9. Chem. Ind. 1911, 34, 39. 

10. Anon., Met. Chem. Eng. 1911, 9, 161; abst. C. A. 1911, 5, 1663, 
Anon., Min. Sci. Press, 102, 386; abst. C. A. 1911, 5, 2418. R. Bithel and 
C, Beck, E. P. 28743, 1913. G. Clifford, Iron Age, 1914, 94, 945; abst. 

C. A. 1915,9,128. G. Davis, E. P. 154,59, 1912. Kirchofer, D, R. P. 262464. 

J. Dye and W. Lucas, U. S. P. 1249728, 1917; abst. J. S. C. I. 1918, 37, 88-A. 
• O. Maas, Can. Chem. J. 1918, 2, 195; abst. C. A. 1918, 12, 2663. Pauling, 

D. R. P. 242515. W. Strzoda, E. P. 26732, 1913; abst. J. S. C. I. 1914, 33, 

64.4. F. Tschndy, U. S. P. 1135471, 1915; abst. J. .S. C. I. 191.5, 34, 011. 

•S. Tungay, Chem. Age, 1919, 1, 326; abst. J. S. C. I. 1919, 38, 710-A; C. A. 
1919, U, 3285. 

11. In this connection sec G. Lunge, Dingl. Poly. 1871, 201, 341; 202, 
532; 1875, 215, 56 ; 216, 79; 1877, 225, 474; Ber. 1877, 10, 1432. F. Bode, 
Dingl. Poly. 1871, 202, 448; J. McCulloch, Chem. News, 1873, 27, 135. T. 
Glover, Chem. News, 1873, 27, 152. G. Lunge, Chem. News, 1873, 27, 
162. M. Vorster, Dingl. Poly. 1874, 213, 506. F. Hurtcr, Dingl. Poly. 
1878, 227, 465, 563. G. Lunge, Dingl. Poly. 1878, 228, 70, 152. F. Bode, 
Dingl. Poly. 217, 305. Brauning, Zts. J. Bergwesen, 1877, 140. See also 

K. Jurisch, "Schwefelsaurefabrikation." 153. Chem. News, 1875, 31, 85. 
For the life and work of John Glover, see J. Dunn, J. S. C. I. 1903, 22, 1177. 
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of the tower, which w’as never patented* by (Hover, met with 
great opposition, but ultimately has been universally adopted in 
all chamber plants. In the old plants, tio less than 10 lo lbs. 
of niter were used for every KM) of sulfur burnt, a proportion 
which has been reduced to less than 2 in the best works, and to 
an average of 3, and has been only possible with the complete 
denitration effected by the Glover tower. Instead of decomposing 
the nitrous vitriol from the Gay-Lussac tower with water or steam, 
as previously had been done, Glover effected the decomposi¬ 
tion by a mixture of steam and sulfur dioxide obtained by passing 
the burner gas through the tower down which w'eak chamber acid 
and nitrous vitriol flowed. In this manner all the nitrous com¬ 
pounds were recovered and passed into the chamber, and in addi¬ 
tion the weak acid was concentrated in twx) ways, b'irst by 
evaporation by the hot burner gases, which were cooled li> the 
point necessary for use in the chambers, and secondly liy the 
actual production of sulfuric aci<l in the tower itself: 

2vS 02(0I1).0.N0 + SOa + 2 II 2 O = dlLvSOi -f- 2NO 

About 2.')% of the total acid made is estimated to be pro¬ 
duced in the Glover tower, with a great saving of chamber space. 
'I'he importance of this apparatus is thus evident. 

The general construction of the (Hover tower consists of an 
outer shell of lead, lined with acid-resisting material put in with¬ 
out mortar, and packed with flints, or other suitable acid-resist¬ 
ing packing. There is an inlet below for the burner gas from 
the ore burners, and an outlet above to the chambers. At the * 
top are storage tanks for chamber acid and nitrous vitriol, which 
are run down the tower in regulated amounts. The concentrated 
acid, completely freed from nitrous compounds, runs from the 
bottom of the tower to coolers. 

The lining of the tower may be volvic lava, from Pffy-de- 
Ddmc, which is very resisting, but expensive, or special bricks 
or blocks, of which a variety are on the market. In England, 
“blue bricks” from Flintshire are largely used;' in Germany bricks 
made at Bad Neuheim, Bendorf, and Aussig. The clay from 
which such bricks are made should" be richer in silica than alumina, 

1. Made by the Buckley Brick & Tile Co., sec Chem. Trade J,, 10, 40. 

2. Tonindustrieztg. 18U0, ti42. 
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and free from iron. An artificial mixture consists of 25 to 30 
parts of feldspar, 25 to 30 of china clay, and 40 to 50 of quartz, 
burnt to a clinker. Thd bricks may then be glazed with mix-. 
ture of 54 parts quartz, 84 of feldspar, 35 of ground chalk, and 
26 of ground china clay. J. Skoglimd* mixes quartz powder with 
sodium silicate, and treats with sulfuric acid, which removes 
alkali, 'pie mass is applied in a layer '/s in- thick, and dried by 
a fire-heat. "Obsidianite”® appears to be a similar mixture. A. 
Karyscheff’ produces acid-proof bricks from powdered spinel, 
chromite, etc., agglomerated by cement under great pressure. 
G. Nichols, W. Nichols and J. Herreshoff* pack the tower with 
rough quartz blocks without a special lining, filling in the space 
between these and the lead with finely crushed quarts or glass. 
M. Walsh® uses cut quartz blocks for the lining; vitreosil might 
also be used, but is a very fragile material. 

'Tlid foundation of the tower may consist of brick pillars, 
with a roof consisting of a strong brick arch, with iron tie-rods. 
'The top is covered with a lead apron of 0-7 lb. weight, to protect 
against acid drips, turned up to form a saucer. Between this and 
the bricks, a layer of pitch may be placed. The frame of the 
tower is usually of wood, preferably of pitchpine, but iron frames 
may be employed. "The frame is required to support the acid 
tanks at the top of the tower, enclosed in a light covering shed. 

'The tower itself is made from 14-lb. lead, the bottom being of 
35-lb. lead, and the straps of 9-lb. It is suspended in the ^me 
,way as the chambers. Circular towers are also used, the sections 
being made as drums, and bdmt together. The bottom saucer 
of ,the tower is formed of two sheets of lead joined in the center, 
and turned up all round to a height of a foot, llie burning is 
.carried out by cutting away the adjacent edges slantingly, and 
pouring melted lead from a ladle into the grooves, running over 
with a red-hot iron. 

Provision is made for keeping the saucer cool by air channels 

1. U. S. P. 640037; abst. Mon. Sci. 1905, 83, 747. 

2. Chem. Trade J. 1909, 44, 181; 1912, SO, 70. 

3. B. P. 2994, 1907; abst. J. S. C. I. 1908, 21, 608. F. P. 350016, 
1904; abst. J. S. C. I. 1905, 24, 971. 

4. E. P. 1861, 1886; abst. J. Soc. Dyers Col. 1886, 2, 48; Wag. Jahr. 
1888, 32, 262. See also C. Chandler, J. S. C. I. 1908, 27, 269. 

6. E. P. 1486, 1884; abst. J. S. C. I. 1884, 3, 260; U. S. P; 292078; 
abst Wag. Jahr. 1884, 30, 299; J. A. C. S. 1884, 6, 53. 
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in the supporting brickwork. The lip of the saucer from which 
the acid nms, is exposed to grciit wear, and a loose false lip is 
put lA'cr it, which may be renewed as required. 

The lead top of the tower is suspended from wooden or iron 
rails by lead straps, and is dished in the center so that acid leaks 
from the tanks find their way through the hydraulic .seal of the 
tower distributer. 

The gas inlet and outlet of the tower are important. The 
outlet is of lead pipe, set with a slight upward slope near the 
tower, rising a little towards the chamber, so that acid may run 
back to the tower. The inlet pipe is usually made from cast- 
iron, and is fitted to the tower by the following arrangement: 
The pipe is bolted to a metal casting in two parts which form a 
ring, the space being caulked with iron filings, sulfur and sal 
ammoniac. In the side of the tower a circular hole is cut, to 
which a flange is burnt, fitting the outer circumference of the iron 
ring. Between the lead and iron a little cement of fire-clay and 
tar is placed, and the lead, cement, and cast-iron are bound with 
an iron hoop. Another method, used at Griesheim, consists of 
a burner pipe enlarged at its end so as to fit over a dry-walled 
annular brick flue, while the other end of this flue is held in the 
brick lining of the tower. The lead of the tower is continued 
in a lead cylinder, a flange of which is bolted to the iron 
flange. 

The tower lining is thicker, say 2 ft. 3 in., at the bottom, 
while at 4 ft. above it may diminish to 18 in. The recess formed 
serves as a support for stone slabs carrying the packing. Higher 
up the lining thins down to 14 in., and finally to 9 in. The wh'ole 
lining, as well as the lower arch, is put in without mortar, and 
moulded blocks are convenient for this purpose. It may last' 
three years without renewal. 

The packing of the tower varies greatly. In English works* 
quartz blocks are mostly used, although special packings are 
often employed. Rings and blocks of the most varied types have 
been described, some of which have been mentioned in connec¬ 
tion with the Gay-Lussac tower (p. 1262). Varieties specially 
suitable for packing the Glover tower have been advocated by 

1, Alkali Insj). Rep. 1915, 52; abst. J. S. C. I 1916, 35, 1011. 
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D. Knab,‘ J. Saunders” H. Klencke,’ F. Ltity,* R. Sauerbrey and 
A. Wttnsche,® H. Rabe,‘ R. Evers,’ H. Wilisch,* J. Mackenzie 
and J. Gibson,’ the Vfcreinigte Damfziegeleisen-Industrie, A. G. 
Berlin,"* the Chemische Fabrik Griesheim-Elektron," E. Peyton,” 
A. Wilhelmi,” E. Steinbrecht,” R. Scherfenberg,” H. Petersen,'* 
W. Green and the Huncoat Brick and Terra Cotta Co.,” O. Nieden- 
fuhr,'* W- Wyld and S. W. Shepherd,” O. Guttmann,” R. Pav- 

1. D. R. P. 0708.5; abst. Zts. ang. Chem. 1803, S, 231; Wag. Jahr. 1893, 
39, 373; Ber. 1893, 2$, 4.57; Mon. Sci. 1894, 44, 922. 

2. U. ,S. P. 144928, 1873. 

3. E. P. 25027, 1909; abst. J. .S. C. I. 1910, 29, 504. Belg. P. 214844, 

1909, Mctallbank u. Metallurgische Ges., D. R. P. 284995, 1913; abst. 
J. S. C. I. 1915, 34, 1091; Zts. ang. Chem. 191.5, 28, 364; Chcm. Zentr. 1915, 
86, I, 215; Chem. Ztg. Rep. 1915, 39, 2,53. U. R. P. 219400, 1908; abst. 
C. A. 1910, 4, 2032; Zts. ang. Chem. 1910, 23, 10,52; Chem. Zentr. 1910, 83, 
1, 970; Jahr. Chem. 1910, 63, 1, 525; Chem. Ztg. Rep. 1910, 34, 159; Wag. 
Jahr. 1910, 56, 1, 412; Mon. Sci. 1913, 79, 159; Zts. Schiess. Spreng. 1910, 
5, 174. 

4. . Zts. ang. Chem. 1896, 9, 645. 

5. D. R. P. 158715; abst. Wag. Jahr. 1905, 51, I, .533; Zts. ang. Chem. 
1905, 18, 7,50. 

6. Zts. ang. Chem. 1904, 17, 78; 1906, 19, 708. D. R. P. 148205; 
abst. Zts. ang. Chem. 1904, 17, 628; Chem. Ztg. 1904, 28, 389; Wag. Jahr. 
1904, 50, I, 516; Chem, Zts. 1904, 3, 685. 

7. D. R. P. 172678; abst. Chem. Ztg. Rep. 1906, 30, 270; Zts. Schiess. 
Spreng. 1906, 1, 260. 

8. D. R. P. 173612; abst. Chem. Zts. 1907, 6 , 23; Chem. Ztg, Rep. 

1906, 281; Wag. Jahr. 1907, 53, I, .586; Zts. Schiess. Spreng, 1906, 1, 320. 

9. E. P. 17832, 1906; Chem. Trade J. 1908, 42, 5;15; abst. J. S. C. 1. 

1907, 26, 395. 

10. D. R. P. 191890; abst. Chem. Ztg. Rep. 1908, 32, 3; Wag. Jahr. 

1908, 54, 1, 581; Chem. Zts. 1908, 7, 616. 

11. D. R. P. 218779; abst. Chem. Zentr. 1910, 81, I, 875; Jahr. Chem. 

1910, 63,1, 416; Chem. Ztg. Rep. 1910, 34, 125; Mon. .Sci. 1913, 79, 158. 

. 12. E. P. 18831. 1908; abst. J. S. C. I. 1909, 28, 828. 

13. D. R. P. 219759; abst. Chem. Zentr. 1910, 81, I, 1073; Jahr. Chem. 
1910, 63, 1, 416; Chem. Ztg. Rep. 1910, 34, 170. 

, 14. D. R. P. 236880; abst. C. A. 1911, 5, 3614; Zts. ang. Chem. 1911, 
24, 1534; Chem. Zentr. 1911, 82, II, 314; Wag. Jahr. 1911, 57, 1,652; Chem. 
Ztg. Rep. 1911, 35, 432. D. R. P. Anm. A-12244. 

. 15. D. R. P. 184893; abst. Chem. Ztg. Rep. 1907, 31, 271; Wag. Jahr. 

1907, 53, I. 586; Zts. vSehiess. Spreng. 1907, 2, 236. E. P. 4366, 1907; abst. 
J. S. C. I. 1907, 26, 9,55. D. R, P. 239072; abst. C. A. 1912, 6, 2149; Zts. 
ang. Chem. 1911, 24, 2179; Chem. Ztg. Rep. 1911, 35, 5.55; Wag. Jahr. 1911, 
57, 1, 652. 

16. F. P. ,382262. D. R. P. 209681; abst. Chem. Zentr. 1909, 80, I, 
1679; Jahr. Chem. 1909, 62, 1, 487; Chem. Ztg. Rep. 1909, 33, .319. 

17. E. P. 2feO(>4, 1910; abst. C. A. 1912, 6, 1506; J. S. C. I. 1911, 30, 
1380; Chem. Ztg. Rep. 1912, 36, 287. 

18. D. R. P. 183748; abst. Chem. Ztg. Rep. 1907, 31, 2.34; Wag. Jahr. 
1907, 53, 1, 586 D. R. P. 216.342; abst. Chem. Ztg. Rep. 1910, 34, 3. 

19. E. P. 19(X)1, ISMJO; abst. J. S. C. I. 1907, », 859. 

20. E. P. 4407, 1907; abst. J. S. C. I. 1907, 26, 859. 
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litzek,’ S. Wheatley, F. Sheldon and J. Tbmlinson,’ E. Hoefling,•'* 
J. Harris and D. Thomas,^ E. Bcrl and A. Innes,'' F. T. Tone 
and tjje Carborundum Co.,* I. Moscicki.’fll. V'ollberg,* K. Hulctt,“ 
and P. Kestner."’ 

Usually the tower is not completely packed; the temperature 
of the gas leaving the tower should be 00° 7,}°, otherwise too 
much steam returns by condensation. 

The Clover tower should not be higher than 20 to 2.7 ft.; 
increased capacity is obtained by enlarging the diameter. The 
fixed height is due to the necessity of having a proper gradation 
of the zones of temperature. 

The distribution of the acids at the top is carried out as 
described in connection with the Gay-Lussac tower, the cubic 
capacity of which, according to Lunge, should be fCO cu. ft. ]>er 
ton of sulfur burnt per 21 hours. 

Circular or polygonal towers are used in some cases; the 
circular forms require no supporting stays and less lead, and 
have no .sharp corners. They arc much less easy to build than 
square towers and require shaped linings. Volvic lava towers, 
with a thin outer lead shell to prevent leakage, have been used;" 
and towers without lead have been described. 

Designs of modern ('.lover towers have been given by F. 

1. D. R. 1>. 229!l<)i); abst. C. A. 1912, 6, 278; Zts, ant;. Clicm. 1910, 23, 
270; Chein. Ztg. Rep. 1911, 35, 8.‘i; Wax- Jalir. 1911, 57, I, O.'il, 

2. H. R. 17472, 1911; alist, J. S. C. I. 1912, 31, IWl. 

;i. I). R. I’. 281 bt.'i, 1912; abst. J. S. C. 1. 191.'), 34, 011; Zts. anx- Cliem. 

191.'), 28, 8.3; Chetn. Zentr. mb';, 86, 1, 177; Chem. Ztx. Rep. 1917), 39, 2* 
Atm. Rep. Soc. Chein. Itul. 1910, 1, 119. 

4. Iv. R. 79.').'), 191.'); abst. J. S. C. I. 1910, 35, 17'); Ann. Rep. .Soc, 

Chem. Imi. 1910. 1, 119. AccriiiRton Tile Co., H. R. 81.')2, 191.5; abst. J, S. 

C. I. 1910, 35, 537; Ann. Rep. Soc. Chem. Itul. 1910, 1, 119. 

5. D. R. R. 203209; abst. C. A. 1913, 7, .3803; Zts. anx. Chem. 191.3,, 
26, ,508; Chem. Zentr. 1913, 84, I, 820; Client. Ztg, Rep. 191.3, 37, 514; Wag. 
Jahr. 191.3, 59, I. .595 

0. Met. Chetn. Etig. 1913, 11, 19.3. 

7. K. R. 17;155, 1911; abst. C. A. 1913, 7, .393; J. .S. C. I. 1912, 31, 891. 

8. D. K. R. 247950; abst. C. A. 1912, 6 , 2827; Zts, ang. Chem. 1912, 

25, 1098; Chem. Zentr. 1912, 83, 11, 207; Chem. Ztg. Rep. 1912, 36, 410; 
Wag. Jahr. 1912, 58, I, 0.')3. 

9. K. Hulett and Chandler, Ltd., .8, llerscy and li. Hlake, li. R. 18129, 
1908; abst. J. .S. C. I. 1999, 28, 873. H. R. 2381.3, 1911; abst. C. A. 1913, 
7, 1311; J. S. C, I. 1912, 31, 801; Chetn. Ztg. Rep. 1913, 37, 192. 

10. E. R. Appl. 1700.5, 1918; J. ,S. C. 1. 1918, 37, 075-A. 

11. O. Guttmann, J. S. C. 1. 1908, 27, 007. 

12. Steuler & Co., D. R. R. 227283; abst. Wag. Jahr. 1910, 56, I, 425. 
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Liity,* H. Niedenfiihr,' and F. Luty and H. Niedenfflhr.* The 
use of a fan to regulate the draft through the chamber system 
has been described by tl. Niedenfiihr,* who divides the functions 
of the Glover tower between two towers, and places a fan between 
them. The burner gases pass through the first concentrating 
Glover, where they give up most of their heat, and are purified 
from dust. The purified and cooled gases are then forced by a 
fan through the second denitrating Glover, from which they pass 
to the chambers. Nitrous vitriol from the Gay-Lussac, together 
with sufficient steam and chamber acid to reduce the gravity to 

I. 619, or not more than 1.65, are fed to the denitrating Glover. 
The issuing acid still contains nitrogen acids equivalent to 0.2% 
nitric acid of sp. gr. 1.33. It is run into the concentrating Glover, 
where all traces of nitrous compounds are removed and the 
gravity brought up to 1.71-1.73. In this way the work of the 
burners is made independent of that of the chambers. 

Special arrangements of the Glover tower, and methods of 
operating the same, have been described by L. Rohrmann and 
H. Niedenfiihr,® R. Bithell and J. A. Beck," F. Curtius & Co.,' 

J. Parent,* H. Hegeler and N. I<. Heinz,® W. Quinan,'® the Aktien- 
Gesellschaft fOr Bergbau, Blei-undZinkfabrikation," J. Lfittgen,'® 

1. Zts. ang. Chem. 1896, 9, 640; 1897, 10, 490. 

2. Chcni. Ztg. 1897, 21, 664. See also H. Niedenfuhr, Belg. P. 182063, 

1605. 

3. Zts. ang. Chem. 1902, 15, 242; abst. J. S. C. I. 1902, 21, 475; Tech. 
Chem. Jahr. 1902, 25, 73. 

, 4. D. R. P. 140825; abst. Zts. ang. Chem. 1903,15, 379; Chem. Centr. 

^903, 74,1, 1008; Jahr. Chem. 1903, 55, 342; Chem. Ztg. 1903, 27, 392; Wag. 
Jahr. 1903, 49, I. 266; Chem. Zts. 190;i, 2, 713; 1904, 3, 12. See F. Liity, 
Zte. ang. Chem. 1905, M, 1255; abst. Eng. Min. J. 1905, 634. E. P. 1066, 
1^; abst. J. S. C. I. 1904, 23, 714; Chem. Ztg. 1905, 29, .571. 

5. E. P. 7127. 1897; Belg. P. 126944, 1897; abst. J. S. C. I. 1897 
,15,537. 

6. E. P. 28743. 1913; abst. J. S. C. I. 1915, 34, 226; Zts. ang. Chem. 
1916, 29, 1, 115; Chem. Ztg. Rep. 1915, 39, 297; Ann. Rep. Soc. Chem. Ind. 
1916,1, 110. 

7. E. P. 28.550, 1913; abst. J. S. C. I. 1915, 34, 904; Ann. Rep. Soc. 
Chem. Ind. 1916,1, 110. 

8. F. P. 449035; abst. Mon. Sci. 1914, 81, 4. 

9. D. R. P. 184959, 1904; abst. C. A. 1907,1, 3073. 

10. U. S. P. 699011; abst. Chem. Zts. 1903,2,8; Mon. Sci. 1902, 58,183. 

11. D. R. P. 253493; abst. C. A. 1913, 7, 687; Zts. ang. Chem. 1912, 
25, 2608; Chem. Zentr. 1912, 83, II, 1953; Chem. Ztg. Rep. 1912, 35, 648; 
Wag. Jahr. 1912, 58, 1, 376; Zts. Schiess. Spreng. 1913, 8, 13. 

12. E. p. 6617, 1914; abst. J. S. C. I. 1914, 33, 830, 
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G. Schliebs,* H. Schmidl,- T. Meyer,’ WI. P. Salessky,’ A. B. 
P'oster,’ W. Fulda,® L. A. Thiele,’ U. Wedge,® J. Potut,® W. H. 
Wagg^an,'® A. M. Fairlie," O. Niedenfiihr,” E. Hartmann,*’ 
L,. Mdnard-Dez,” H. Petersen.*’ 

A discussion between G. Lunge and M. Neumann,'® on the 
reaction in the Glover tower, seems to have resulted in favor of 
the former. 

This tower is usually erected side by side with the Gay- 
Lussac tower, so that their tops are accessible by a common stair. 
The supply of nitrous vitriol and chamber acid is regulated by 
the strength and nitrosity of the Gay-Lussac acid, since the main 
function of the (Bover tower is the complete denitration of this 
acid. The final acid may be concentrated to lo2° Tw. with good 

1. i;. S. P. lir>12'.M. 1915; abst. J. S. C. 1. 1915, 34, 1009; Aim. Rep. 
Soc. Chem. Ind. 1910,1, 111. 

2. Zta. ang. Chfin. I90.S, a, 219; abst. J. S. C. I. 1908, 27, 223. 

;t. Zts. ang. Chem. 1909, 22, 1841; aKst. C. A. 1910, 4, 049. • 

4. H. 1>. 201.11, 1910; abst. C. A. 1911, 5, 3135; J. S. C. I. 1911, 30, 

489; Cliciii. Ztg. Rep. 1912, 36, 43. 

5. 11. S. P. 1277890, 1918; abst. J. S. C. I. 1918, 37, 732-A; Mon. Sci. 
1919, 86 , 20. 

0. II. S. P. 1048953; abst. C. A. 1913, 7, 080; Mon. Sci. 1913, 79, 99. 

7. V. S, P. 1207012, 1918; abst. J. S. C. I. 1918, 37, 50C-A, 

8. 11. S. P. 110-1.590, 1914; abst. J. S. C. I. 1914, 33, 804; C. A. 1914, 

8, 3102; Chem. Ztg. Rep. 1915, 39, 114; Mon, Sci. 1914, 81, 178. 

9. 1C. P. 7710, 1901; abst. J. S. C. I. 1902, 21, 700. 

10. 1C, P. 101408, 1910; abst. C. A. 1917, 11, 88; J. S. C. I. 1917, 36, 
047. U. S. P. 118.5029; abst. C. A. 1916, 10, 1910; J. S. C. I. 1910, 35, 736; 
Ann. Rep. Soc. Chem. Ind. 1917, 2, 177. 

11. C. S. P. 1205723; abst C. A. 1917, 11, 191; J. S. C. I. 1917, 36, 
82; Mon. Sci. 1917, 84, 51, 

12. 1). R. P. 200877, 1900; abst. C. A. 1909, 3, 1919; Chem. Zentr, 1909, 
80, I, 1120; Chem. Ztg. Rep. 1909, 33, 137; Wag. Jahr, 1909, 55, I, .338;, 
Zts. Schiess. Spreng. 1909, 4, 108. 

13 14. R. P. 281030, 1912; abst, J. S. C. I. 191.5, 34, 1090; Zts. ang. 

Chem. 191.5, 28, 304; Chem. Zentr. 191,5, 86, II, 108; Chem. Ztg. Rep. 1!U5, 
39, 244; Mon, .Sci. 1917, 84, 77. 

14. F P. 3.54073; abst. J. S. C. I. 190.5, 24, 1000; Mon. Sci. 1900, 65, 
108; Chem Zts. 1900. 5, 121. • 

15 Zts. ang. Chem. 1907, 20, 1102. 1C. P. 27738, 1907; abst. I. S. C. 

I. 1908, 27, 981. I). R. P. 208028; abst. Zts. ang. Chem. 1909, 22, 748; 
Chem, Zentr. 1909, 80, 1, 1279; Jahr. Chem. 1909, 62, I, 487; Chem. Ztg. 
Rep. 1909, 33, 180; Wag. Jahr, 1909, 55, I, 337; Zts. Schiess. Spreng. 1909, 
4; 216. D. R. P. 219829, 225190, 225197; abst. Wag. Jahr. 1910, 56, I, 
408, 409; C. A. 1911, 5, 575, 3127; Zts. ang. Chem. 1910, 23, 1052, 2098, 
2099; Chem. Zentr. 1910, 81, I, 1074; II, 931; Jahr. Chem. 1910, 63, I, 523; 
Chem. Ztg. Rep. 1910,34, 151, 407, 481; Mon. Sci. 1913,70,1,59; 1914,81,87. 

10. G. Lunge, Zts. ang. Chem. i906, 19, 1931; abst. C. A. 1907, 1, 
343. Zts. ang. Chem. 1907, 20, 207; abst. C. A. 1907, 1, 1040. M. Neu¬ 
mann, Zts. ang. Chem. 1900, 19, 1702; abst. C. A. 1907, 1, 87. Zts. ang. 
Chem. 1907, 20, 204; abst. C. A. 1907, 1, 1046. Chem. Ztg. 1906, 30, 1078; 
abst. C. A. 1907, 1, 227. 
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working. If the chamber acid tests 123° Tw. = 70% HjSOi, 117 
parts of this acid correspond with 100 parts of acid of 152° Tw. = 
81.7% HjSOj, or 100 volumes of the latter are equivalent tp 128 
volumes of 123° acid. These proportions would be run into the 
Glover tower. The resulting acid would test 130° Tw., and can 
be fully denitrated in passing down the tower. 

• ITie temperature of the acid issuing from the Glover tower 
is usually between 120° and 130°, but may reach 140° or even 
150° without detrimental results. The retention of flue dust by 
the tower leads to contamination of the acid with iron, which 
may give trouble in the subsequent concentration; alumina may 
also be dissolved from the lining. Owing to contamination, the 
gravity of the acid does not correspond with its titration. 

Recovery of Nitrogen Compounds. The methods in use be¬ 
fore the introduction of the Glover tower for the denitration of 
nitrous •vitriol are now merely of historical interest. I,arge 
Woulfe’s bottles were in some cases used for effecting the denitra¬ 
tion.' A description of the older processes is given by F. Bode.* 
Gay-hussac employed a .small lead tower packed with coke, down 
which the nitrous vitriol trickled, and was met by a jet of steam. 
Burner gas was at the same time passed through the tower. In 
other cases the nitrous vitriol was run into small boxes with water, 
into which steam passed. Columns, lined with acid-resisting 
bricks, through which steam was passed, were also employed. 
Such denitrating towers are in use at present for recovering the 
nitrogen oxides from sulfuric acid used in the manufacture of 
dxplosives, but are not applied in sulfuric acid work. With suit¬ 
able regulation of the steam supply, the denitration can be very 
efficiently conducted, since nitrous vitriol loses practically the 
whole of its nitrogen compounds when diluted within very narrow 
‘limits of concentration. 

A detailed account of the function of the Glover tower in 
denitrating acid has been given by E. Sorel.^ According to his 
researches the lower hottest layers of acid of (12° B€. leaving the 
tower are unable to dissolve nitrogen oxides partly on account of 
the high temperature and also on account of the dilution with 
inert gas. The acid is thus practically completely denitrated. 

1. Dingl. Poly. 1877, 223, 90. 185, 290, 393, 504, 621; 224, 298; 2», 

180. 

2. "La Grande Industrie chimique mineralc,” Paris, 1902. 
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In the upper layers the acid is cooler aifd weaker, say 55° 
and absorbs water vapor given off by the lower layers. When 
reduced to 54° B 6 . it can retain only 2.*21(i ingni. NjO.! per liter 
at (>5°. Denitration of the nitrous vitriol fed in with the weak 
chamber acid therefore occurs rajiidly in this region. 'I'liis mode 
of operation corresponds with the old method of operating the 
Glover tower. 

In the modern method of intensive working, a considerable 
amount of nitrous vitriol is run down the tower, for two pur¬ 
poses: (i) to cool the gases, (ii) to increase the stock of circulating 
nitrogen oxides. In this case the acid will leave the base of the 
tower almost completely denitrated, as before, because the con¬ 
ditions there remain unchanged, but the zone of denitrification 
will extend more into the upper part of the lower, since the quan¬ 
tity and concentration of the acid to be denitrated have both 
increased, while the temperature has been lowered by the large 
volume of cold nitrous vitriol 

Assume the stock of nitrous vitriol in circulation has been 
increased and the air supply reduced to the minimum, say 4% of 
oxygen in the exit gas from the chambers, bet the circulating 
niter, in the form of nitrogen oxides in the gases and dissolved in 
the nitrous vitriol be 24be of the sulfur burnt as 50% pyrites. 
Due liter of the gas at .S. T. P. will then be leaving the fllovcr 
tower with 14 mgm. NAI:!. Under these conditions, according to 
Sorel, 50.5° B 6 . acid, i. e., acid somewhat diluted by aqueous 
vapor from the lower part of the Cilover tower, can still contain 
14.5 mgm. NsD:! per liter. The zone of denitrification will there¬ 
fore not begin at this p(jint, but lower down in the tower where 
the temperature is higher. In these regions, however, the acid 
will become more concentrated, and must be raised to a stilly 
higher temperature before it will release all the nitrous vapors. 
Thus, 58° B4. acid at 00° can still retain 4.04 mgm. N 2 O 3 per 
liter in an atmosphere containing 2.7 mgm. N 2 D 3 per liter, and 
in this second zone the tension of the gas will be 8.8 mgm. N 2 O 3 
per liter. There will therefore be successive zones of denitrifica¬ 
tion in the Glover tower, each at more or less fixed temperatures 
in steady working, and through which acid of more or less uniform 
concentration is passing. The temperature and concentration 
of the acid increases in passing downwards, and these factors act 
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in opposition in the denitrification of the acid. The effect of 
temperature prevails at the base of the tower, and practically all 
the nitrous vitriol is decomposed. ^ 

It follows from the above that the height of the Glover tower 
b fixed by the zones of denitrification, i. e., by the temperature 
of the burner gas, and the volume of acid run through the tower. 
Since these; are relatively more or less the same in different works, 
it is clear that increase of capacity of the Glover tower can be 
made only in its diameter, and retaining a constant height. 

In such intensive working, i. e., high niter circulation, there 
will be a high concentration of nitrogen oxides in the Glover tower, 
together with an intimate contact between acid and burner gas. 
The proportion of acid formed in the tower may then, as has 
been stated, rise to 25% of the total produced. 

Another effect of this large production of acid is also to fix 
a considerable proportion of the steam driven out in the lower 
parts of the tower, with the result that there is very little dilu¬ 
tion of the Gay-Lussac acid in the upper layers of the tower. 

The tables given by Sorel for the tensions of N 2 O 3 in nitrous 
vitriols of different strengths have been extensively used. J. 
Partington finds that the numbers of Sorel are in general agree¬ 
ment with his results, although they are probably not sufficiently 
accurate to enable very reliable conclusions to be drawn. He 
finds that the zone of denitrification at a given temperature is 
very sharply defined, a small change in the gravity of the acid 
lading to almost complete denitrification. Tlie efficiency of 
column denitrifiers supplied with steam can therefore, without 
undue dilution of the acid, attain well over 95%. 

J. Gessert' has proposed to absorb tlie nitrous gases in water. 
To assist the absorption in the Gay-Lussac tower, F. Benker and 
H. I,asne’ add sulfur dioxide to the gases passing to the Gay- 
Lussac tower, to reduce nitrogen peroxide to trioxide. A. Izidore 
and M. Biscons* use an apparatus composed of lead baffle plates, 
over which sulfuric acid flows, to absorb nitrous gases instead of, 

1. E. P. 2077, 1869. 

2. E. P. 4622, 1880; abst. Chem. Ind. 1882, 5, 138. E. P. 3540, 1880; 
abst. J. A. C. S. 1882, 4, 45. 

3. E. P. 19907. 1898; abst. J. S. C. I. 1899, U, 831. Belg. P. 137982, 
1898. Swiss P. 17888, 1898. 
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Of in addition to, a Gay-Lussac tower. O.’Eliel' uses a denitrating 
and concentrating tower provided with a number of independent 
filled«ections, above which a valved flue connects with the burners, 
union with the chambers being made below the sections. The tower 
is closed at the top, and a spray nozzle arranged in the entering flue 
for the sulfurous ga-ses. .V down draft is produced in the tower 
by suitable means. I. llechenbleikner and the Southern Electro- 
Chemical Co., N. Y.,^ spray nitrous vitriol into a current of 
steam, introducing oxygen into the resnlting gases to jiroducc 
nitric acid fumes, which are .subsecjuently condensed. \V. Sales- 
sky’ denitrates with air in the absence of snlfur dioxide, obtaining 
nitrogen oxides, which arc then mixed with sufficient air to con¬ 
vert them into NO 2 . The utility of this invention is obscure. 

H. Welch^ precipitates nitrogen oxides, nitrosulfonic acid and 
sulfuric acid mist from the exit gases by an electric discharge. 
E. Kauffmann^’ causes a mixture of nitrogen oxides, sulfur dioxide, 
steam and atomized water to react in a closed vessel at loO"- 
200°. W. Fulda® regenerates nitric acid in a scries of chambers 
comprizing 20, 00 and .50% of the total space, and subjects the 
nitrogen oxides in the chambers to acid of sp. gr. 1.21-1.20, 1.07- 

I. 21 and 1.00-1.10, respectively. Recovery apparatus for nitro¬ 
gen oxides has been described by A. Lynm,’ F. B. Hacker and 
P. ■??■. GTTchrist,* E. J. Barbier,® the Socidtd Ta' Nitrog^ne,'®jthe 


1. U. S. P. 725427, 1903; abst. J. S. C. 1. 190.3, 22, 027; J. A. C. ,S. 
190,3, 2SR, 522. 

2. U. S. P. 1264512, 1918; abst. C. A. 1918, 12, 10!H); J. S. C. I. 1918, 

37, 414-A. • 

.3. E. P. 201.31, 1910; abst. C. A. 1911, 5, .313.5; J. S. 0. I. 1911, 30, 
489; Chem. Ztg. Rep. 1912, 36, 43. P. 1’. 419009, 1910; abst. C. A. 1912, 
6, 1907; Chem. Ztg. Rep. 1911, 3^ 129; Mon. .Sci. 191,3, 79, 88. D. IF. P. 
232570, 1909; abst, C. A. 1911, 5, 2709; Zts. ang. Chem. 1911, 24, 717; 
Chem. Zentr. 1911, 82, I, 1088; Chem. Ztg. Rep. 1911, 35, 180; Wag. Jahr. 
1911,57,1,421. Aust. P. .5040,5, 1911. .Swiss I*. .52712, 1910. * 

4. U. S. P. 1284100; abst. C. A. 1919, 13, tOO; J. S. C. 1. 1919, 38, 
73-A, E. P. 134015, 1918; abst. J. C. .S. I. 1919, 38, 940-A. 

5. D. R. P. 226219, 1909; abst. C. A. 1911, 5 , 1.326; Zts. ang. Chem. 
1910, 23, 2294; Chem. Zentr. 1910, 81, II, 12.54; Jahr. Chem. 1910, 63, I, 
624; Chem. Ztg. Rep. 1910, 34, .527; Wag. Jahr. 1910, 56, I, 413; Mon. .Sci. 


1914, 81, 87. 

6. U. S. P. 1048953; abst. C. A. 191.3, 7, 686; Mon. .Sci. 1913, 79, 99, 

7. E. P. 11452, 1912; abst. C. A. 191.3, 7, .3657; J. S. C. I. 1912, 31, 
1167; Chem. Ztg. Rep. 1912, 36, ,5.56. 

8. E. P. 15895, 1893; abst. J. .S. C. I. 1893, 12, 1032. 71 

9. E. P. 14014, 1894; abst. J. S. C. I. 1895, 14, 749. W 

10. F. P. 404071; abst. C. A. 1911, 5, 1664; Chem. Ztg. Rep. 1910, 34, 

18; Mon. Sci. 1910, 73, 109. 
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Soc. Anon. Ing. L. Vbgtl,' the Badische Co.,* and R. 

Mechanical washers for the absorption of tfie nitrous gases 
leaving the last chambef have been proposed.^ , 

Combined Chamber and Contact Process. N. Heinz and M. 
Chase* proposed to combine the working of the chamber and con¬ 
tact processes by passing the burner gases through a dust flue, 
a Glover, tower, and a Gay-Lussac tower. The residual gases 
were filtered, heated, and passed over some contact mass without 
special purification, beyond that involved in the preceding pro¬ 
cesses. W. Alcock and G. Davis* operate in the inverse order. 
The burner gas is made in closed kilns with air dried with Glover 
acid, which after use is sent to tlie Gay-Lussac tower. The dry 
sulfur dioxide and air is then passed to an iron oxide contact mass, 
the sulfur trioxide absorbed in sulfuric acid, and the residual gas 
then passed to lead chambers for the conversion of the remaining 
sulfur dioxide. 

W. Wilke' has described a combination of the contact and 
chamber processes. The plant dealt with 24,000 lbs. fines and 
;if),0(K) lbs. lump ore daily, thirty-six burners being installed, each 
capable of handling 900 to 1,200 lbs. of ore daily, and four Her- 
reshoff burners for fines. The burner gases were conducted into 
a flue situated above the flue of the lump burners and provided 
with a number of baffle walls to retain some of the dust. The 
gases of the lump and fine burners were united and conducted 
into an iron oxide contact shaft of the Mannheim type. In order 
to regulate the draft of the fines burners, a separate exhaust fan 
was installed to draw the gases from the burners and deliver them 
to the flue above the lump burners. A second exhaust fan in- 

1. IC. P. 684(1, 19(M; abst. J. S. C. I. ISXM, 23, 1088. 

2. D. R. P. 2.88360; abst. C. A. 1912, S, 1663; Zts. ang. Chem. 1911, 
• 24, 2069; Chem. Zentr. 1911, 82, II, 1077; Chem. Ztg. Rep. 1911, 35, 529; 

Wag. Jahr. 1911, 57, 1, 468; Zts. Schicss. Spreng. 1911, 6, 411. 

3. India P. 2.523, 1916. 

4. AllraH-Insp. Rep. 1915; Chem. Trade J. 1916. 284. See also N. 
Heins and H. Petersen, D. R. P. 217723; abst. Wag. Jahr. 1910, 56, 1, 411. 
A. Taraud and P. Truchot, F. P. 42.5913, 1910, and additions thereto; abst. 
J. S. C. I. 1911, 30, 1012, 1381; 1913, 32, 600. H. and J. Wilson and A. 
French, E. P. 5239, 1878. 

6. U. S. P. 875909, 1908; abst. Chem. Ztg. Rep. 1908, 32, 94; Mon. 
Sci. 1908, 65, 51. 

6. E. P. 16981, 1915; abst. C. A. 1917, 11, 1526; J. S. C. I, 1917, 36, 82. 

7. Eight Inti. Cong. Appl. Chem. 1912, 2, 249; Discussions, 27, 32; 
abst. C. A. 1913, 7, 869, 24.55; J. S. C. I. 1912, 31, 874. J. Ind. Eng. Chem. 
1912, 4, 840. Chem. Trade J. 1912, SI, 294. 
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stallecl between the oxide shaft and the Glover tower, takes the 
sulfurous gases after they had undergone conversion to the extent 
of :} 0 '}^in the oxide shaft, and draws thest* gases to the chamber 
plant. 

This combination gave excellent results, the capacity of the 
chamber plant l)eing increased by at least dO';,'. The conversion 
of SOj into SO 3 in the oxide shaft averaged . The acid pro¬ 
duced in the Glover tower was water-white, and of the 

arsenic oxide eliminated in the contact shaft. The total produc¬ 
tion in the chamber system coidd be concentrated to ( 10 ° B^. or 
higher in the Glover tower. The oxide shaft retards the 
dust, acts as a heat accumulator and equalizer, enabling the 
operation to be carried out uniformly. 'I'he conversion in the 
oxide shaft leads to an economy in niter of .'i0/(. Any tyjx' of 
chamber plant may have an oxide shaft installed between the 
burners and the Glover tower.' 

Various Processes for the Manufacture of Sulfuric Acid. In 
addition to the ordinary (Chamber process and modifications of 
it, numerous special processes have been proposed for the manu¬ 
facture of sulfuric acid, not one of which, so far as is known, is 
in use at the present time. 

II. Deacon- proposed to obtain acid from sulfides and chlor¬ 
ine. F. .Stanes and G. Uog^^ utilize part of the heat given off 
in the combustion of sulfur for driving off sulfuric acid from acid 
sulfates. M. Ilanahan^ burns sulfur or sulfurous material in the 
dust chamber. D. Wentzki’’ employs a series of rotating cylin¬ 
ders in tandem arrangement, provided interiorly with ridges or 
grooves through which the reaction gases pass in countercurrent 
flow to the acid or nitrous vitriol. N. Pratt" cools the gases in 
chambers or towers by external jackets containing a cooling 
medium. C. Meigs^ varies the density of the gases by alternate 

1. K. I.iity ami H. Nicdcnfiihr (Zts. aiig. Chcni. IS, 242; abst. J. S. 
C. I. 1(102, 21, IT.I) discuss the relative advantages of the chamber and the 
contact processes. 

2. IC. I>. HOUR, 1808. 

2. H. P. 21l2.'j4, 1912; abst J. S. C. I. 191.5, 34, 227; Mon. Sci. 1917, 


«4, 72. 

4. U. .S. P. 12.’>2228, 1918; abst. J. S. C. 1. 1918, 37, 148-A. 
r,. D. R. P. 220.524, 1910; abst, C. A. 1911, S, 2707. D. R. P. 228960, 
1909; abst. C. A. 1912, S, 1971. 

0. U. S. P. 71.5142, 1902; abst. J. S. C. I. I1H)2, 22, 92. Tv. P. 48.50, 
1895; abst. J. S. C. I. 189.5, 14, 8(K1, 

7. U. S. P. 1022493, 1912; abst. J. S, C. 1. 1912, 31, 680. 
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compression and ex'pansion by means of a special baffle in the 
chamber. G. de Briailles* oxidizes sulfur dioxide electrol 3 rtically 
in a special cell, j! Pels® operates stirring devices inside the 
chambers. J. Pintsch, H. Strache and H. Hiller’ describe the 
oxidation of sulfuretted hydrogen to sulfuric acid in presence of 
ferrous salts. J. Mackenzie’ uses a series of long tunnels instead 
of chambers. H. Rabe’ describes modifications of the chambers 
to obtain better mixing. A. Ddron details two independently 
operating reaction towers, in connection with Gay-Lussac and 
Glover towers.* E. and T. Deplace’ describe a special type of 
lead chamber formed in the shape of a ring, with a sector cut 
out for the towers. The Pratt Process Co.* return a portion or 
the whole of the partially spent gases through the system. F. 
Carmichael and F. Guillaume* employ a series of independent 
vertical chambers, alternately empty and packed. W. Kee and 
U. Wedge'" expose the ga.ses after leaving the Glover tower to 
electric discharges. G. and A. Davis” connect the different cham¬ 
bers by a large number of tubes of small diameter, which serve 
to mix and cool the gases. B. Barbier” describes a series of reac¬ 
tion towers heated at the base, so as to obtain concentrated acid. 
A. Fairley*’ has detailed a means of control of chamber plants by 
well known methods of gas analysis. A. Zanner** places concen¬ 
trating pans in the due of the Glover tower. Tlie Societa Anon. 
Ing. L. Vogel'* describe iron cylinders, containing niter and sul¬ 
furic acid, heated by gases from the burners, for supplying the 

1. K. P. 393665, 1907; abst. J. S. C. I. 1909, 2S, 138. Australian P. 
13148, 1908. 

2. D. R. P. 228696, 1909; abst. J. S. C. I. 1911, 30, 85. 

3. D. R. P. 283601; abst. Ocst. Chem. Ztg. 1917, 20, 14. 

4. E. P. 19084, 1913; abst. C. A. 1915, 0, 360. 

6. D. R. P. 217561, 1909; abst. J. S. C. I. 1911, 30, 1159. Zts. aug. 
Chem. 1910, 23, 8. 

6. F. P. 453733, 1913; abst. C. A. 1913, 7, 3645; J. S. C. I. 1913, 32, 
790 

' 7. E. P. 5058, 1890; abst. J. S. C. I. 1891,10, 254. 

8. E. P. 10757. 1899. Belg. P. 142809, 1899, 

9. E. P. 15679, 1913; abst. J. vS. C. I. 1914, 33, 830. See also E. P. 
9317, 1904. 22080, 1905. 

10. U. S. P. 1220752, 1917; abst. J. S. C. I. 1917, 36, 547. 

11. E. P. 20012, 1904; abst. J. S. C. 1.1905, 24, 925. 

12. E. P. 12728, 1892; abst. J. S. C. I. 1893, 12, 602. 

13. U. S. P. 1205723, 1205724; abst. J. S. C. I. 1917, 36, 82. 83, 196; 
C. A. 1917, U, 191. Chem. Trade J. Jan. 27. 1917. 

14. U. S. P. 768108, 1904; abst. J. S. C. I. 1904, 23, 900. 

J.6. B. P. 6846, 1904; abst. J. S. C. I. 1904, 23,1088. 
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Gay-I/Ussac tower with an ample supply of nitrous vapors. 

N. Heinz' uses towers with alternate frc^ and packed spaces. 
N. Heinz* and H. Hegeler’ withdraw the gases from part of the 
system and pass them back to the Glover tower, to obtain more 
concentrated acid. Z. Littmann’ uses specially shaped chambers. 
J. Parent^ sprays nitrous vitriol into the chambers, or into small 
intermediate towers. O. Carlson and Hartmann & llenker'' de¬ 
scribe a filter for gases. R. Cellarius" removes sulfuric acid from 
gases by forcing the latter through two concentric perforated 
cylinders. Curtius & Co.^ introduce the gases at a lower tem¬ 
perature than usual into the first tower of a series. I,. Santa* 
describes an apparatus for regulating the density of sulfuric acid. 

J. McNab® introduces nitrogen oxides from a denitrating column 
into the chambers to restore the latter when deficient in niter.'" 

1. U. S. P. 728914. 1903; abst. J. S. C. I. 190,3, 22, 742. U. S. P. 
1057149, 1913; abst. J. S. C. I. 1913, 32, 424. N. Heinz .and M. Chase, 
U. S. P. 875909. See also R. Heinz, D. R. P. 204040, 1911; abst. J. S. C. I. 
1913, 32, 1066. 

2. U. S. P. 752677, 1904; abst. Chem. Zts. 1904, 3, .510, 055; J. A. 
C. S. 1904, 2fiR, 407; Mon. Sci. 190.5, 63, 7. 

3. F. P. 462008, 1913. 

4. F. P. 449035, 1911; abst. Mon. Sci. 1914, 81, 4. 

5. F. P. 372644, 1906. Helg. P. 190703, 1906; abst. Chem. Ztg. Rep. 
1907, 31, 324. 

’o D. R. P. 166745; abst. Wag. Jahr. 1905, SI, 395; Chem. Centr. 
1906, 77, I, 420. D. R. P. 18;J097; abst. C. A. 1907, 1, 3072. 

7. E. P. 28550. 1913; aUst. J. S. C. 1, 1915, 34, 904. 

8. E. P. 1801.5, 1913; abst, J. S. C. I. 1914, 33, 48.5. F. P. 461041; 
abst. J. S. C. I. 1914, 33, 199. 

9. U. vS. P. 325262, 325263, 1885. 

10. Other proposed methods tor the manufacture of sulfuric acid arc: 

K. Auer. Swiss P. 74525, 1917, F. Hcnker and H, Lasne, 1C. P. Iit57, 1881; 

abst. J. S. C. 1. 1881,1, 189. Brante Sc Co., Swiss P. i:i228, 1896. ]. Car¬ 
michael and F. Guillaume, 15. P. 15679, lOFl; abst. J. S. C. 1. 1914, 33, 830. 
G. de Briailles, U. S. P. 928844. T. Dottcrer, U. S. P. 270703, 1883. J. 
Eggleston, U. S. P. 908100, 1908; U. S. P. 1018010, 1912. I„ Faucheux, 
Second addition. May 10, 1!K)2, to F. P. .3073.59; abst. J. S. C. I, 1903, 22, 
420. A. GaiUard, U. S. P. 90'.I578, 1909. G. Hanisch, U. S. P. 477755, 
1892. B. Hart and G. Bailey, J. S. C. 1. lOOi. 22, 473; J. Soc. Uyers Col. 
1903, 19, 201. E. Hartmamx and F. Benker. D. R, P. 282747, 1913; abst. 
C. A. 1915. 9, 2437. E. Haworth. U. ,S. P. 268793, 1882. J. HerrcshoU, 
U. S. P. 737233, 1903; abst. J. S. C. 1. 1903, 22, 1045. U. Jackson. U. S. P. 
130432, 1872. W. Johnson, U. S. P. 82.50,57. 1906. E. Labois, U. S. P. 

233680, 1880. J. McNab, U. S. P. 798524, 1<,W5. R. Moritz, U. S. P. 

981103, 1911. A. Nibelius, U. S. P. 873070, 1907. A. O'Brien, U. S. P. 

694024, 1902. H. Petersen, Zts. ang. Chem. 1907, 20, 1101; abst. C. A. 

1907, 1, 2293. D. R. P. 208554, 1912; abst. J. S. C. 1. 1913, 32, 600. U. S. 
P. 904147. E. P. 27738, 1907; abst. J. S. C. I. 1908, 27, 981. W. Quinn, 
U. S. P. 699011, 1902; abst. J. S. C. I. 1902, 21, 772. J. Raschen, C. Imison 
and United Alkali Co., E. P. 30196, 1909. C. Robinson, U. S. P. 1018374, 
1912. G.SchUebs, U. S. P. 1151294; abst. C. A. 1915, 9, 2798. A. Sebillot, 
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G. Chrisp' discusses the possibilities of the manufacture of sul¬ 
furic acid from the sulfur contained in coal. 

Pyrosulfuric Acid. The compound 2 SO 3 .H 2 O, or H 2 S 2 O 7 , is 
a definite hydrate of sulfur trioxide, known as pyrosulfuric acid. 
It was formerly prepared in Bohemia by the dry distillation of 
ferrjc sulfate, and is sometimes called Nordhausen, or fuming 
sulfuric acid, since it evolves dense white fumes when exposed to 
air. The pure compound, which contains 89.89% SO 3 and 10.11 % 
H 3 O, is a transparent crystalline mass, melting at 35°, although 
fuming acid is a thick, oily liquid, hence it is now usually called 
oleum. It decomposes on heating, giving off fumes of SO 3 and 
leaving ordinary sulfuric acid. 

Pyrosulfuric acid may be obtained by cooling ordinary liquid 
oleum, when the acid crystallizes out, or by adding the calculated 
amount of sulfur trioxidc to cooled concentrated sulfuric acid, 
and cooling. 

I'he formula of the acid is believed to be: 

vSOj-OH 

\ 

0 

/ 

SO 2 —OH 

Pyrosulfuric acid forms salts, those of the alkali metals being 

U. S. 1*. 23().'j01, 1880. Cf. Belg. P. 138197, 1898. Soc. Anou., L. Vogel, 
etc., Aust. P. 21001, 190.5. H. Sprcngel, II. S, P. 1,5(X)95, 1874. U. S. P. 
3.57107, 1887. T. Terrell. U. S. P. 308289, 1884. H. Welch, U. S. P. 12858.56; 
abst. C. A. 1919,13, 2.50. U. Wedge, U. S. P. 1100999. R. Barbier, R. P. 
10460, 1892; abst. J. S. C. I. 1893,12, 44. 

1. Gas J. 1919, 14$, 173; Gas World, 1919 (Coking and By-Products 
Sect.), 70, No. 1802, 13; abst. C. A. 1919, 13, 994. The Amer. Fertilizer, 
1919, SO, No. 4, 29; abst. J. 1. R. C. 1919, 11, 391. J. Hepworth, J. S. C. I. 
1884, 3, 1,58. A. McDougall, Belg. P. 142758, 1899. Norske Aktieselskab 
f. Rlektrisk-Kemisk Industri, Norw. P. 24038. K, Quinan, R. P. 1;10712; 
abst. J. S. C. I. 1919, 30, 717-A. H. Baker. U. S. P. 862(X), 1809. W. and 
A. Rlmorc and H. Barrett, E. P. 1.5988, 1885; abst. J. S. C. I. 1887, 6, 140. 
M. Devilainc, F. P. 423893, 1911. J. Darling, U, S. P. .541.597, 1895. J. 
Hanson. E. P. 10818, 1887; abst. J. S. C. I. 1888, 7, 626. J. Hall, T. Gibb 
and C. Gelstharp, R. P. 3143, 1871. A. Johnson, U. S. P. 621608, 1899. 
W. Johnson, U. S. P. 82.5057, 1906; abst. Mon. Sci. 1907. 07, 12. R. and L. 
Labois, E. P. 4.364, 1879. F. de Mare, Belg. P. 156619, 1901. M. Masson, 
F. P. .324869, 1902; abst. Mon. Sci. 1904, 61, 43. A. Monnicr, U. S. P. 17976, 
1857; Re-502; Re-603. 1858. B. Nicholson and T. Palmer, E. P. 9777, 1889. 
L. Pratis and P. Marengo. E. P. 15.509, 1897. A. Ramage, U. S. P. 984763, 
1911; abst. Mon. Sci. 1911, 75, 117. Taylor and Scott, E. P. 127047; abst. 
J. S. C. I. 1919, 38, 446-A. H. Welch, E. P. 134015, 1918; abst. C. A. 
1920, 14, 803. J. Thclberg, E. P. 2789, 1907; abst. J. S. C. I. 1907, 26, 1013. 
J. Behrens, D. R. P. 300036, 1915; abst. J. S. C. I. 1920, 3S, 20-A. 
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tha best known. The use of sodium pyrosulfate for the produc¬ 
tion of^ofeum has been described. The pyrosulfates of the alkali 
metals are formed by heating the acid sidfates to dull redness: 

2NaHS(), = Na..S .07 -t- H..() 

At a bright red heat, they decoiniKisc, evolving sulfur tri¬ 
oxide and leaving the normal sulfate: 

NasSjOr = NaoSO, -f SO;, 

In solution in water the pyrosulfates gradually decompose 
into the acid sulfates, by taking up a molecule of water. 

Persulfuric Acid and Persulfates. By the electrolysis of a 
concentrated solution of potassitnn bisulfatc, crystals of potas¬ 
sium persulfate, K-jS^Os, separate at the anode. When these are 
dissolved in cold concentrated sulfuric acid, a solution of Carf)’s 
acid, HjSOr,, is formed. Perdisulfuric acid, 112 .^ 08 , and pennono- 
sulfuric acid, H.^SO.^, have both been obtained in the pure state.' 

Persidfatcs are always prepared by electrolysis. 'I'he most 
soluble salt is ammonium persulfate, (N 11^2.^08. Methods for 
the electrolytic preparation of persulfates have been disclosed by 
A. Pietzsch and O. Adolph,'^ li. Miillcr and O. I'riedbergcr," the 
Verein Chem. Werkc A. (5.,^ the Parbenfabriken vorm. F. Bayer," 
and the Consortium f. Itlectrochem. lnd.“ 

The estimation of persulfates has been described by E. 
Muller and H. v. Ferbcr,’ C. Peters and S. Moody," G. Allard," 

1. C. Otiii, Zts. KlektnKhem. lllll, 17, 919; abst. J. S. C. I. 1911, 12.'HI. 

•2. P. S. V. uraiSOl); abst. J. S, C. I. 19i;i, 32, .W. K. 1'. 2:i2ry2, 1919; 
abst. J. S. C. I. 1911, 30, K.'). K. P. 2.'i.').'il, 1919; abst. J. S. C. I. 1911, 30, • 
8,5. Sec also K. P. 2.'il.57, 1919; abst. J. S. C. 1. 1919, 29, 14.51. A. Pietzsch, 
Belg. P. 229491, 1919. 

.'5. Zts. Klektroohem. 1902, 8, 2.'10; abst. J. S. C. I. 1992, 21, 79fi. 

4. U. R. P. 2(),5()t>7, 29.5(Ki8, 20.5909, 1997; abst. J. S. C, I. 19(K), 28, 
90; Zts. ang. Chem. 1909, 22, 299, 4.59, 4«); Chem. Zentr. liMW, 80, I, 2;i2; 
Jahr. Chem. 1999, 62, I, 499, 491; Chem. Ztg. Rep. IIKK), 33, 7; Wag. Jahr. * 
1908, 54, I, 480; Mon. Sci. 1912, 77, .53. 

,5. F. P, 470204, 1914; abst. J. S. C. I. 191.5, 34, 177. D. R. P. 271042, 
1913; abst. J. S. C. I. 1914, 33, 484; C. A. 1914, 8, 2310; Zts. ang. Chem. 
1014, 27, 201; Chem. Zentr. 1914, 85, I, 1234; Chem, Ztg. Rep. 1914, 38, 
177; Wag. Jahr. 1914, 60, I, 421, R. P. 24931, 1913; abst. J. S. C. I. 1914, 
33, 749. 

0. K. P, 23.548, 1910; C. A. 1911, 5, 313.5; J. S. C, 1. 1911, 30, 421. 

F. P. 351013, 1995; abst. J. S. C. I. 1905, 24, 890; Chem. Ztg, 1905, 28, 843; 
Mon. Sci. 1906, 65, 102; Chem. Zts. 1905, 4, 303. Belg. P. 17,5090, HKM. 

G. Teichner and P. Askenasy, U. S. P, 880599. 1908; abst. J. S. C. I. 1908, 
27, 341; Mon. Sci. 1909, 71, 32. 

7. Zts. anal. Chem. 1913. 52, 196,299;abst. J. S. C. 1.1913, 32, 288, 532. 

8. Amer. J. Sci. 1901, (4), 12, 367; abst. Chem. Centr. 1901, 72, II, 

1270; J. S. C. I. 1906, 21, 140. . 

9. J. Pharm. Chim. ISMll, 14, 506; abst. J. S. C. I, 1902, 21, 140. 
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C. Marie and L- Bunel,' D. Vitali.’ .and R. Wolffenstein and 
Wolff.* 

The chief use of the persulfates is in photography, as “re¬ 
ducers.”'* They have been suggested as sowces of hydrogen 
peroxide.* The action of various reagents on persulfates, as 
halogen acids,* metallic oxides,* mercury,* manganese salts,* potas¬ 
sium cyanide and silver nitrate,*® and organic substances,** has 
been described. 

Miscellaneous Methods for Sulfuric Acid Manufacture. In 
addition to the well known methods of manufacturing sulfiuric 
acid from pyrites and sulfur by the chamber and contact processes, 
a large number of special methods have been described, none of 
which appears to have been in use to any great extent. Some of 
these may be useful in special circumstances, although it is doubtful 
if they could be used with success in competition with the estab¬ 
lished processes. 

The preparation of sulfuric acid from copper smelter gases 
has already been referred to,'* and is, of course, a feasible method. 
The manufacture of the acid from ordinary materials in special 

1. Bull. Soc. Chim. 1903, 29, 930; abst. J. S. C, I. 1903, 22, 1208. 

2. Boll. Chim. Farm. 1902, 42, 273, 321; abst. Chem. Ccntr. 1902, 73, 
II, 312; J. S. C. I. 1903, 22, 1016. 

3. Bcr. 1908, 41, 717; abst. J. S. C. I. 1908, 27, 35.5. 

4. II. Marshall, Brit. J. Phot. 1902, 49, 309, 444, 445; abst. J. S. C. I. 
1902, 21, 723, 989. 

5. Consortium fiir Flektrochem. Ind., D, R. P. 1999.58, 1905; abst. 
J. S. C, I. 1908, 27, 856. 

• 6. K. Wedekind, Bull. Soc. Chim. 1902, 27, 712; abst. J. S. C. I. 1902, 

21, 1074. See also N. Caro’s reagent; abst. J. S. C. I. 1900, 19, 172, 278, 
777;,1901, 20, 578. G. Teiehner, U. S. P. 981900, 1911; abst. C. A. 1911, 
S, 1025; Chem. Ztg. Rep. 1911, 35, 302; Mon. Sci. 1911, 75, 117. 

7. A. Seyewetz and P. Trawitz, Compt. rend. 1903, 137, 130; abst. 
I. S. C. I. 1903, 22, 906. 

8. N. Tarugi. Gaz. chim. ital. 1903, 33, 127; abst. Chem. Centr. 1903, 
74, 1, 1116; J. S. C. I. 1903, 22, 740. 

9. M. Dittrich and C. Hassel, Ber. 1902, 35, 3266; abst. J. S. C. I. 
1902, 21, 1414. 

10. N. Tarugi, Gaz. chim. ital. 1902, '32, 383; abst. Chem. Ccntr. 1903, 
74, 1, 616; J. S. C; I. 1903, 22, 493. 

11. R. Datta and J. Scu. J. A. C. S. 1917, 39, 747; abst. J. S. C. I. 1917, 
30, 667. See also M. Mugdan, Zts. Elfetftbchem. 1903, 9, 719; abst. J. S. 
C. I. 1903, 22, 1044. H. Armstrong and T. Lowry, Proc. Roy. Soc. 1902, 
70, 94; abst. J. S. C. 1.1902, 21, 913. M. Levi, B. Migliorini and G. Ercolini, 
Gaz. chim. ital. 1908, 30, I, 683; abst. J. S. C. 1. 1908, 27, 979, T. Price, 
Ber. 1902. 35, 291; abst. J, S. C. I. 1902, 21, 343. 

12. -.E. Larison. Eng. Min. J. 1916, 102, 1121; abst. J. S. C. I. 1917 , 30, 

133. , 
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apparatus has been described by C. Pisques,* A. Burkhardt,* 
G. de Briailles,® D. Peniakoff,^ P. Babatz,* E. 'Phomson and W. 
Greene,® P. Deerig,’ A. Sebillot,* J. Chaining,® and others. 

L. Jumau'® treats a sohrtion of a copper salt under pressure 
with sulfur dioxide, obtaining a solution which is gradually heated, 
copper being precipitated and a solution of sulfuric acid obtained. 
A solution of ammonium sulfite may be used instead of sulfurous 
acid. F. Perry" acts on a solution of copper sulfate with hydrogen 
sulfide. The precipitated copper sulfide is converted completely 
into sulfate by calcination, a sufficient quantity of sulfuric acid 
being added to convert the copper oxide formed into sulfate. 
The invention is said to be particularly applicable to the removal 
of hydrogen sulfide from Mond and similar gases, the acid pro¬ 
duced being used to extract the ammonia present in the gases, 
n. Roessler" passes a mixture of hot air with sulfurous acid, or 
sulftiric acid vapor, by a steam injector, through a perforated 
nozzle into an oxidizing licjuid, which may consist of sulfuric acid 
with some nitric acid, or of copper sulfate or chlorule solution, 
or a solution of ferrous sulfate or other metallic salts. Sulfurous 
acid is supposed to be converted into sulfuric acid, and if copper 
is present, copper sulfate obtained. 


1. F. P. 4418i;t, 1012; abst. J. .S, C, I. 1912, 31, 021. Bclg. P. 2S4645, 

1913. 

2- F. P. 4.52C82, 1912; abst. J. vS. C, I. 1913, 12, 698, Belg. P. 262160, 
2.53126, 1913. D, R. P. 2.59576; abst. C. A. 1013, 7, 320,5; Zts. aiig. Chem. 
1913, 26, .348; Chem. Zeiitr. 1913, 84, I, 1903; Chcni. Ztg. Rep. 1913, 37, 
300; Wag. Jahr. 1913, 59, I, 374. D. R. P. 264921, 1912; abst. J. S. C. I. 
1913, 32, 1066; C. A, 1914, 8, 220; Zts. ang. Chem. 1913, 26, 6.32; Chenv 
Zentr. 1913, 84, II, 1436; Chem, Ztg. Rep. 1913, 37, .570; Wag. Jahr. 1913, 
59, 1, 375; Zts. Schiess. Spreng. 1913, 8, 416. 

,3. E. P. 22434, 1908; abst. C. A. 1910, 4, 1530; J. S. C. I. 1909, 28, 


1199. 

4. E. P. 21476, 1912; abst. C. A. 1914, 8, 995; J. S. C. I. 191.3, 32, 

424; Chem. Ztg. Rep. 1914, 38, 128. • 

5. E. P. 1216, 1900; abst. J. S. C. I. 1900, 19, 1110. 

6. 11. S. P. 143202, 1873. 

7. II. .S. P. 850820; abst. C. A. 1907, 1, 1789; Chem Ztg. Rep. 1907, 
31, 242; Mon. Sci. 1907, 67, 153. 

8. E. P. 2192, 1909; abst. C. A. 1910, 4, 817; J. S. C. I. 1909, 28, 1197. 

9. F. P. 416988, 1910; abst. C. A. 1911, 5, 2971; Mon. .Sci. 1913, 79, 
83. Cf. D. Contaret, U. S.T. 11050, 1854. 

10. E. P. 703, 1907; abst. J. S. C. I. 1907, 26, 1241. See also E. P. 
530, 1907; abst. J. S. C. I. 1907, 26, 1204. 

11. E. P. 20063, 1911; abst. C. A. 1913, 7, 872; J. S. C. I. 1912, 31, 
534; Chem. Ztg. Rep. 1912, 36, 481. 

12. E. P. 5621, 1881. Dingl. Poly. 1881, 24& 278; abst. Chem. Tech. 
Rep. 1881, 20, II, 121. 
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J. Pintsch, H. StJrache and H. Hiller' convert hydrogen 
sulfide contained in gases obtained by destructive distillation, into 
sulfuric acid. They cldim that the conversion takes pl^ in 
presence of solutions of ferric sulfate containing excess of sulfuric 
acid, with heat. The ferrous sulfate formed is to be regenerated 
alternately or simultaneously by air or oxygen. Under these 
conditions, oxidation to sulfuric acid without separation of sul¬ 
fur is said to occur. The acid obtained contains iron and can 
be used as such or for combination with ammonia. In the latter 
ca.se, after neutralization, any remaining ferrous sulfide may be 
separated and returned to the original oxidizing solution. 

The preparation of sulfuric acid from sulfates has already 
been described. J. Auzies* calcines a mixture of gypsum and 
ferric oxide, whereby ferric sulfate and lime are formed: .'?CaS 04 -f 
FejOj = FcjCSOOs -f- ilCaO. At a temperature above S0()° the 
ferric sulfate decomposes into sulfur dioxide, oxygen and a residue 
of ferric oxide; Fe 2 (S 04)3 = FcjOj -f- I5S()2 -F 30. 'I'he gases are 
then passed over manganese, or tungsten oxides, molybdic anhy¬ 
dride, or thoria, heated at first to above 200°. The first calcina¬ 
tion may be carried out with a mixture of 408 parts calcined 
gypsum and 148 parts iron oxide at a temperature between 800° 
and l.')()0°. The action of ultraviolet light is stated to favor the 
union of the sulfur dioxide and oxygen. H. Frey’ describes 
experiments in which mixtures of gypsum and sand are calcined. 
The presence of small amounts of ferric oxide assists the decom¬ 
position, but addition of 0..5% ferric oxide does not appear to 
accelerate the decomposition beyond a certain point. U. Bas¬ 
sett’ heats a mixture of clay and a material containing calcium 
sulfate to a temperature sufficient to produce cement and gases 
, containing sulfur dioxide. The latter, mixed with air, are pa,ssed 
over a contact material comprizing natural hydrated iron oxide 

1. D. R. P. 28;i001, 1914; abst. C. A. 1915, $, 2442; Zts. ang. Chem. 
1915, 28, 311; Chem. Zentr. 1915, 88, 1, 1350; Chem. Ztg. Rep. 1915. 39,159. 

2. F. P. 421X175, 1910; abst. C. A, 1912, 6, 1968; Chem. Ztg. Rep. 
1911, 35, 80; Mon. Sci. 1913, 79, 89. See also Akt. Gcs. Dynamit Nobel, 
D. R. P. 299035, 1910; abst. J. S. C. I. 1920, 39, 64-A. Badische Anilin u. 
Sodafabrik. D. R, P. 298491, 1916; abst. J. S. C. I. 1920, 39, 63-A. 

3. Zts. ang. Chem. 1909, 22, 2.375; abst. C. A. 1911, 5, 648. See also 
Chem. Fabrik Rhcnania, D. R. P. .300716, .300763, 1916; abst. J. S. C. I. 
1920, 39, 109-A. 

4. U. S. P. 1197331, 1916; abst. J. S. C. I. 1916, 35, 10.58. E. P. 
124842, 1917; abst. C. A. 1919, 13, 1747. 
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mixed with gypsum. The sulfur trioxide is removed, and the 
unconverted SOj absorbed in a calcareous material suitable for 
use in the production of cement. The r.erman Government is 
stated' to have worked out a process for the production of sulfuric 
acid from gyp.sum and kieserite at a price not exceeding that from 
imported foreign pyrites. The cost of the necessary plant is 
stated to be $790,000. The hope was expressed that the scheme 
would lead to the complete independence of Gennany from for¬ 
eign supplies in times of peace, C. Clemm' describes the treat¬ 
ment of kieserite, by calcining it in the presence of steam. The 
material is first powdered, washed free from chlorides, and com¬ 
pressed into balls. The vapors of sulfuric acid may be used in 
the treatment of poor ores. The sulfates may also be calcined 
with charcoal, and the sulfides decomposed to produce hydrogen 
sulfide, which is treated in the usual way. T. Terrel’ describes 
the calcination of a mixture of sulfur and iron sulfate, the gases 
being led into ordinary chambers. 

W. bandis’ treats sulfur dioxide with excess of a gaseous 
mixture containing more than 0' ,' of nitrous gases, produced by 
the oxidation of a mixture of ammonia and air. 

The preparation of sulfuric acid by calcining aluminous schist 
or alum shale in closed retorts, is disclosed by J. Wilson.'’ The 
preparation of sulfuric acid from sodium sulfate and bisulfate is 
described by F. Benker.'' Soc. Dior Fils' calcine sulfates or bi¬ 
sulfates of natural or industrial origin (e. g., glauberite, ahmite, 
etc.) with alumina, if the latter is not already contained in the 
material. The alumina may be added in the forms of powdered' 
beauxite or aluminium sulfate. The operation is carried out in 
muffle furnaces, and the alkaline aluininate afterwards treated 
with carbon dioxide to produce alumina and alkaline carbonates. 

The manufacture of sulfuric acid from waste products has 
been attempted. The utilization of smelter smoke as a source 
of sulfuric acid has lieen successful at the Ducktown Sulfur, 

1. Chem. Trade J, Nov. 27, 191.5; ab.st. J. .S. C. 1. 191.5, 34, 1205; 
Ann. Rep. Soc. Chcin. Ind. 1910, 1, 110. 

2. E. 1>. 1776, 18t>;i. 

;i. E. P. .59;i0, 18RI; abst. Wag. Jahr. 1884, 30, 270; 1885, 31, 310. 

4. U. S. P. 1173.524, 1910; abst. J. S. C. I. 1916, 35, 408. 

5. E. P. 1.522, 1800. 

0. Aust. P. 29478, 1907. 

7. F. P. 417816, 1909, and addition 13318, 1911, thereto; abst. C. A. 
1912, S, 1900; Chem. Ztg. Rep. 1911, 35, 321; Mon. Sei, 1913, 79, 8,5. 
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Copper and Iron Co., Ducktown, Tenn.' The blast furnace gases 
after leaving the furnace dust chamber pass up a cylindrical tower 
through a kite-shaped Hue to a special dust catcher at a Jiigher 
level, the latter regulating the temperature of the gases delivered 
to the Glover tower, as well as eliminating zinc and other light 
dusts. From the dust catcher a brick flue runs the full length 
of the building with separate off-takes to each Glover tower. In 
each off-take is placed the niter pots, and an auxiliary set of 
pots provided in the dust-catcher in case of emergency. The 
dust-free gases then pass through two Glover towers; through 
which the gases are led to the top. They are then led downwards 
again to the base of a special tower, from the top of which they 
pass through two lead flues to the chambers. Upwards of 40% 
of SOj is converted into sulfuric add in the towers. The chamber 
acid is concentrated in cast iron pans, 'flic capacity of the plant 
is 160 tons 60° Be. acid per day. The gases are passed through 
the chambers by four powerful fans of hard lead (lOSb -f OOPb). 
After the chambers arc six Gay-Lussac towers, where nitrogen 
compounds are recovered. The acid discharged from the base of 
the Glover towers is clear and pure. The furnaces smelt pyr- 
rhotite ore six days a week, the seventh day being devoted to the 
concentration of low-grade mattes produced during the ore- 
smeltihg period. The ore varies almost daily from 14%-19% S, 
and averages about 16%. The low grade matte averages about 
25% S. 

The manufacture of sulfuric acid from the gases from smelt- 
' ing pyrites has been discussed by F. Falding and J. Channing.'* 
Tlje vital points are stated to be: (1) The use of coke in excess 
of a certain percentage on the sulfur content of the charge. (2) 
The furnace from the tuydres up to the point where the gases are 
taken to the acid plant must be so designed that a controlled 
quantity of air in excess of that required in the matte-smelting 
process can be admitted at the tuydres, or between the tuydres and 
the top of the furnace, burden, or other suitable points. All 
admission of false, air must be avoided as far as possible. The 

1. W. Freeland and C. Renwick, Eng. Min. J. S9, 1116; abst. C. A. 
1910, 4, 1897. 

2. Eng. Min. J. 90, 555; abst. C. A. 1910, 4, 2981. D. R. P. 241509, 
1909; abst. C. A. 1912, $, 2151; Zts. ang. Chem. 1912, K, 137; Chem. Zentr. 
1912, 83, I, 171; Chem. Ztg. Rep. 1912, 38, 8; Wag. Jahr. 1911, 57, I, 418; 
Zts. Schiess. Spreng. 1912,7, 78. 
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gases from more than one smelting furnace should be combined 
so as to ensure continuity of working of tlje acid plant. 

Tfie recovery of sulfuric acid from oil-refining residues has 
been described. R. C. MolTat and A. McLaren' run off the 
tarry mixture containing the acid from below the oil, and agitate 
with hot water. Tar separates, and the liquid portion is drawn 
off from below into a shallow iron box or lead-lined tank. The 
agitation of the tar with water is repeated. The acid is evaporated 
in a tank, any tar separating being skimmed off. A loose lead 
hood is placed oyer the tank in the later stages of the evaporation, 
the cooled acid then agitated with water, when empyreumatic 
matter separates. The acid is filtered through strong canvas 
stretched over the frames, the surface being frequently skimmed, 
the final concentration being performed in glass stills. A similar 
process has been described by K. Barrow,'* who treats the itsidues 
with steam. 

Sulfuric acid is rec-overed from the refuse “pickle" of tin¬ 
plate works by allowing it to evaporate, and separating the crys¬ 
tals of ferrous sidfate.’ The mother liquor is further concentrated, 
and may be used again as pickle. The iron sulfate is distilled in 
retorts for the production of sulfuric acid. Tliis is similar to the 
method of E- and C. Madge.' A process of recovery from picric 
acid liquors has been evolved by C. Lowe,^ and the purification of 
waste acid' detailed by E- Natho.’ 

Sulfuric Acid from Sulfates. In addition to the methods 

1. K. P. 22(X). 1871. See also I,. Chandor, IJ. S. P. 4298.5, 1864. 

2. U. P. 793, 1871). 

3. W. Pughslcy. K. P. 1.5.38. 1804. 

4. li. P. 3217, 1807. 

5. K. P. 42.5. 1874. 

6. D. R. P. 262406. 1912; abst. J. S. C. I. 1913, 32, 820; C. A. 1913, 7, . 
3.534; Zts. aiig. Chem, 1913, 26, 477; Chem. Zentr. 1913. 84, 11, 6.52; Clicm. 
Ztg. Rep. 1913, 37, 438; Wag. Jahr. 1913, S9, 1, 381. 

7. Still other methods of obtaining sulfuric acid and sulfur triosidc 
etc., are descrilred by: 11. Kurburg, Belg. P. 228900, 1910. K. Burkheiser, 

K. P. 173.59, 1910. G. Baldo, E. P. .5098, 1896. Chem. Fabrik Griesheim- 
Klcktron, E. P. 20401, 1909; abst. C. A. 1914, 8 , 2418. E. P. 406641, 1909. 

M. Christie, E. P. 15817, 1910. T. Clarke and E. Smith, E. P. 4660, 
1878. Erstc Oesterr. Sodafabrik, E. P. 20171, 1908. G. Evans, E. P. 
11338, 1907; abst. C. A. 1!)09, 3, 231. J. Eastwick, E. P. 19309, 1908. G. 
Evans, E. P. 11338, 1907. W. Garroway, E. P. 1765, 1903. N. Helouis, 

E. P. 2080, 1881. J. Hargreaves and T. Bird, E. P. 18173, 4893. J. 
Hargreaves and T. Robinson, E, P. 1920, 1871. J. Hammond, E. P. 2376, 
1878. C. Irvine and R. Slater, E. P. 372.5, 1883. L. Jumau, E. P. .530, 1907. 

A. French, Can, P.. 145244, 1913; abst. C. A. 1913, 7, 1269. P. Farup, 
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described in the preceding section for the manufacture of sulfuric 
acid from sulfates, a number of other processes have been pro¬ 
posed. O. Zahn,' C. UcbeF and U. Bcnker’ utilize sodium 1)isul- 
fate (e. g., niter-cake, see p. 7S(i). M. Prud’homme^ heats sul¬ 
fates in the electric furnace with or without silica, alumina or 
iron oxicle. 

Some proposals for the utilization of gypsum or anhydrite 
have also been put forth. The enonnous deposits of these min¬ 
erals, which arc of very little value as such, have led to numerous - 
proposals for their employment. Processes of this nature have 
been de.scribed by R. Tilghman,^ Cary-Mantrand,' O. Siemens,’ 
Kuenzi,* O, Schott,® Martin,N. Basset," J. Shanks,” h. Mar- 
gueritte,” Fleck," H. Reinsch,'® P. Van Denbergh," H. Hilbert,” 

U. S. P. 1219277, 1917; K. P. 4.5489.3, 1913; abst. J. S. C. I. 1913, 32, 867; 
1917, 3«, 457. C. Klo(l«vi.st, E. P. 4356, 1883. J. Knight, K. P. .5374, 1880. 
C. Meigs, U. >S. P. 1120960; abst. C. A. 1915. 9, 357. J. Mackenzie, E. P. 
4770, 1913. G. Martin, E. P. 1.510. 1869. D. PeniakolT, E. P. 14707, 1908. 
C. Polony, E. P. 1300, 1896. H. Uayner .and W. Crookes, E. P. 2678, 1875, 
R. Schubardt. E. P. 16063, 1906. C. Wcstphal, E. P. 282:1. 1882. C. Wigg, 
E. P. 9227, 1887, R. Ziegenlwrg, E. P. 147.56, 1907. C. Weeks, U. vS. P. 
1048247. Clark, E. P. Appl. 1,3660. 1919; abst. J. S. C. I. 1919, 3S, 446-A. 
vS. Paul, India P. 2847, 1916. p;. Chaplin, U. S. P. 132,5711, i;i2,5712, 1919; 
abst. C. A. 1920, 14, 4.53. 

1. E. P. ,389898; abst. Mon. .Sci. 1909, 71, 112. U. S. P. 921329; 
abst. Chem. Ztg. Rep. 1909, 31, 339; Mon. Sci. 1909, 71, 140. 

2. D. R. P. 226110; abst. C. A. 1911, S, 1175; Zts. ang. Chem. 1910, 
23, 2294; Chem. Zentr. 1910, SI, II, 1173; Jahr. Chem. 1910, S3, 527; Chem. 
Ztg. Rep. 1910, 34, 498; Wag. Jahr. 1910, 56, I, 445; Mon. Sci. 1914, ^ 87. 

3. E. P. 1844, 1907; abst. J. S. C. I. 1908, 27, 225. D. R. P. 2043.54; 
abst. ZLs. ang. Chem. 1909, 22, 178; Chem. Zentr. 1909, 80, I, 11.3; Jahr. 
Chem. 1909, W, 914; Chem. Ztg. Rep. 1909, 33, 13; Wag, Jahr. 1908, 54, I, 
376; Mon. Sci. 1912, 77, 84. D. R. P. 204703; abst. Zts, ang. Chem. 1909, 
22, 189; Chem. Zentr. 1909, SO, 1, 413; Jahr. Chem. 1909, 62, 489; Chem. Ztg. 
Rep. 1908, 21, 662; Wag. Jahr. 1908, 54, I, .376; Mon. Sci. 1912, 77, 81; 
Chem. Zls. 1909, 8 , No. 106:i. U. S. P. 899284. F. P. ;181863; abst. Chem. 
Ztg. Rep. 1908, 32, 276; Mon. Sci. 1909, 71, 101. 

. 4. F. P. 4(MX):i0; abst. C. A. 1911, 5, ,574; Chem. Ztg. Rep. 1909, 33, 

445; Mon. Sci. 1910, 73, 164. 

5. E. P. 11.555, 1847. 

6. Barreswil and Girard, Diet. Chim. ind. 1, 37. 

7. Dingl. Poly. 1863, 169, 207; abst. Wag. Jahr. 1863, 9, 208. 

8. Genic industrici, 18.58, 280; abst. Wag. Jahr. 1858, 4, 95. See also 
Archereau, Les Mondcs, 1865, 319; abst. Dingl. Poly. 186,5, 178, 57; Poly. 
Centr. 186.5, 31, 1566; Wag. Jahr. 1865, 11, 271. 

9. Dingl. Poly. 1876, 2ZL, 442. 

10. F. P. 96276; Bull. Soc. Chim. 1874, 21, 47. 

11. F. P. 331897. 

12. E. P. 2161, 1854. 

13. E. P. 2700. 1854. 

14. Fabr. von chem. Prod, aus thier. Abfallen, 131. 

15. Further Gewc(beztg, 1870, 46; Dent. Ind. Zt*. 1870, 235; abst. 
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H. Kenyon and I. Swindells,' E. Bong,^ and others. 'Hie use of 
other sulfates has been described by»J. Townsend,* and also J. 
Capplemans.* 

More promising processes are proposed by the following in¬ 
ventors: K. Natho,* mixes gypsum and sand to a paste with a 
little water and heats in an autoclave for several hours at 000°- 
800°. P. Cantilena" combines finely ground burnt gypsum and 
dried clay in such proportions that the ratio (SiOj + AbO.! + 
EcjOa) to CaO is between 0.4.3 and ()..30. The mixture is made 
into a paste with water and moulded into blocks 20 X 10 X 10 
cm. After setting, the bricks are heated in furnaces in an abun¬ 
dant current of air and out of contact with fuel at a temperature 
of 10()()°. The issuing gases are used for dehydrating gypsum, 
'file residue is said to form a useful cement clinker. _ 'fhe Elck- 
trizitatswerk Lonza' heats a mixture of gypsum and quartz in an 
atmosphere enriched in oxygen to prevent dissociation of SOj. 
U. Cummings* calcines gypsum with clay. R. Wedekind and 
Co." roast a mixture of gypsum, sand and pyrites. A. Bambach'" 
heats sulfates with an oxidizing flame produced by burning a 
mixture of gas and air. 

'fhe reduction of sulfates to sulfites, with subsequent recovery 
Wag. Jahr. 1870, 16, 107. 

10. V. S. 1’. 042;«M1; al)st. Cliem. Ztg. I'KK), 24, 148; Mon. ,Sci. IIMH), 

56, no. 

17. I>. U. P. 207701; abst. Zts. ang. Chem. 1000, 22, 048; Chem. Zentr. 
IIMIO, 80, I, 1207; Jahr. Chem, 1900, 62, 4'.H); Chem. Ztg, Rep, 1000, J3, 180; 
Wag. Jahr. 1000, 55, I, :i40; Mon. Sci. 1012, 77, 82. Ilelg. P. 207202, lft08, 
See also H. Trey, Zt.s. ang. Chem. 1000, 22, 237.7. 

1. E. P. liMO, May 21, 1872. 

2. E. P. 80,5, 1870. 

3. E. P. 1703. 1870; abst. J. A. C. S. 1880, 2, 103. 

4. Belg. P. 140774, 1000. See also J. Uarling, E. P. 12310. 180,5; abst. 
J. S. C. I. 1805, 14, 800. H. Deacon and F, Hurter, E. P. 15003, 1888. 
E. Daugnet, Belg. P. 14.53.50, 1800, 

5. D. R. P. 20,5835; abst. C. A. 1014, 8, 400; Zts. ang. Chem. 1913, 26, 

075; Chem. Zentr. 1013, 84, II, 1030; Chem. Ztg. Rep. 1013, 37, 000; Wag. 

Jahr. 1913, 59, I, 382. 

0. Ital. P. Sept. 4,1013; abst. C. A. 1014, 8, 1331; Ind. Chim. 14, 39. 

7. Swiss P. 72027. 

8. U. S. P. 342785; abst. Wag. Jahr. 1880, 32, 204; J. A. C. S. 1880, 8, 

170. E. P. 735.5, 7301, 1880; abst. J. Soc. Dyers Col. 1880, 2, 110; Wag. 

Jahr. 1887, 33, 490; 1888, 34, 400. 

9. D. R. P. 232784; abst. C. A. 1911, 5, 2710; Zts. ang. Chem. 1911, 
24, 717; Chem. Zentr. 1011, 82, I, 1089; Chem. Ztg. Rep. 1911, 35, 203; 
Wag. Jahr. 1911, 57, I, 422. 

10. E. P.;il74, 1914; abst. J. S. C. I. 1915, 34, !H)5. 
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of the sulfur is an old suggestion, and is described by O. Kohsel,* 
who reduced gypsum witlv coal to calcium sulfide, decomposed 
the latter with carbon dioxide, and burned the hydrogen sul^de 
to sulfur dioxide. Tlie same process is described by C. Claus, 
W. Barbnoff and E. Ilildt,® and the Badische Co.’ 

A number of other more or less meritorious processes have 
been described by W. Petrie,* Houz6,’ P. Surcouf,® Deacon,’ A. 
S^billot,* W. Hahner,* Consortium f. Elektrochem. Ind.,'" O. Ben¬ 
der,'* H. Kiihne,'® A. Coehn and H. Becker,'* W. Hallock,'* F. 
Cottrell,** A. Reynoso,*® L. Wacker,” A. Johnson,** C. Jacobs,*® J. 

1. Hannov. Mittheil. 1856, 135; abst. Wag. Jahr. 1856, 2, 57; Poly. 
Centr. 1856, 22, 1148, 

2. D. K. P. 104188; abst. Zts. ang. Chem. 1899, 12, 626; Chera. Centr. 

1899, 70, II, 800; Jahr. Chem. 1899, 52, 420; Chem. Ztg. 1899, 23, 725; Wag. 
Jahr. 1899, 45, 354. 

3. D. h. P. Anm. B. 79307. 

4. E. P. 590. 1862. 

5. Mon. incl. 7, 65. 

6. E. P. 310600, 1901; abst. Chem. Ztg. 1902, 26, 252; Mon. Sci. 1902, 
SS, 173. 

7. Chem, Trade J. 1889, 5, 193. 

8. U. K. P. 109484; abst. Zts. ang. Chem. 1900, 13, 421; Chem. Centr. 

1900, 71, II, 227; Chem. Ztg. 1900, 24, 444; Wag. Jahr. 1900, 46, 1,321;Mon. 
Sci. 1901, 57, 17. 

9. E. P. 717, 1854. 

10. D. R. P. 157043; abst. Chem. Centr. 1905, 75, I, 131; Chem. Ztg. 
1904, 28, 1212; Wag. Jahr. 1904, 50, I, 292; Mon. Sci. 1905, 63, 113; Chem. 
Zts. 1906, 4, 122. !•'. P. .335496, 1903; abst. Chem. Zts. 1904, 3, 279; Mon. 
Sci. 1904, 61, 76. 

11. D. R. P. 19.5810; abst. Zts. ang. Chem. 1908, 21, 1371; Chem. Zentr. 
1908, 70, I, 1218; Jahr. Chem. 1905-1908,1, 1012; Chem. Ztg. Rep. 1908, 32, 
228; Mon. Sci. 1911, 75, 82; Chem. Zts. 1908, 7, 755. 

12. E. P. 17.520, 1908. D. R. P. 203541. F. P. 393461; abst. J. S. C. 
I. 1909, 28, 982; Zts. ang. Chem. 1909, 22, 267; Chem. Zentr. 1908, 79, II, 
1654; Jnhr. Chem. 1905-1908, I, 1609; Chem. Ztg. Rra. 1908, 32, 622; Wag. 
Jahr. 1908, 54, 1,373; Mon. Sci. 1909, 71, 134; 1912, 77, 90; Chem. Zts. 1909, 
8 , No. 1220. 

, 13. D. R; P. 217722; abst. Wag. Jahr. 1910, 56, 1, 419; Zts. ang. Chem. 
1910, 23, 764; Chem, Zentr. 1910, 81, I, 585; Jahr. Chem. lOlOs 63, I, .526; 
Chem. Ztg. Rep. 1910, 34, 50; Mon. .Sci. 1913, 79, 158; Chem. Zts. 1910, 9, 
No. 1774; Zts. Schiess. Spreng. 1910, 5, ,53. 

14. U. S. P. 930471; abst. Mon. Sci. 1910, 73, 81. 

15. U. S. P. 866843, 800844; abst. Mon. Sci. 1908, 69, 49. 

18. E.P.2181,1874;abst.Dingl.Poly. 1876,219,472. F. P. 10398,1874. 

17. E. P. 3183. 1895. D. R. P. Anm. W. 10532, 1894. W. 10591, 
1895; abst. Jahr. Chem. 1897, SO, 514; Chem. Ztg. 1896, 20, 591; Mon. Sci. 
1897, 50, 30. 

18. U. S. P. 659236. See also W. M. Johnson, U. S. P. 825057, 1906; 
abst. Chem. Ztg. Rep. 1906, 30, 281; Mon. Sci. 1907, 67, 12; Chem. Zts. 1908, 
S, 495. 

19. U. S. P. 704831, 1902; abst. J. A. C. S. 1903, »R, 100; Mon. Sci. 
1902, 88, 184. 
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Kitsee,' G. Salom,* L. Bassett,’ W. Garroway,’ E. Riesenfeld,’ 
A. von Gratzel," G. Burnside and J. Anderson,’ H. Derciim,’ 
C. floepfner,’ The General Electric 0o.,"> P. Askenasy and M. 
Mugdan,*' J. Hannay,” E. Piiniell and J. Simpson,” and 
others.'* 

Electrolytic processes are described by E. JtmKner,'’G. de 
Briailles,'* A. Fischer and G. Delmarcel,” A. Friedlaiuler,'* C. 
Boehringer&Sons,'’S. Emmens,’'’C.vonGrabowski,’‘ H. Dawson,” 
F. Freeth,” G. Gin,®* J. Kessler,” G. Roge” and A. Scheiirer- 


1. U. S. P. 869094; abst. Mon. Sci. 1908, 69, .50. 

2. U. S. P. 7.5,5247; abst. J. A. C. S. 1904, 28R, 4.9.5; Chein. Ztg. 190 I. 

28, 363; Mon. Sci. 1904, 61, 12,5, 

3. K. P. 2147.5, 1007; abst. J. S. C. 1. 190.8, 27, 006. P. P. 370170. 

4. E. P. 17.55. 1903; abst. J. S. C. I. UHll, 23, 2,52. 

5. D. R. P. 229274; abst. C. A. 1911, 5, 2314; Zts. ang. Clicin. 1911, 
24, 88; Chem. Zentr. 1911, 82, 1, 178: Cliem. Zlg, Uc|). 1911, 3S, 13; Wag. 
Jahr. 1911, 57, 1, 422, 

6. D. R. P. 1.57767; abst Zts. ang Chem. 1905, 18, 705; Cluan. Centr. 

1905, 75, I, 702; Jahr. Chem. 190.5-1908, I, 1623: Chem. Ztg. 190.5, 29, 223; 
Wag. Jahr. 1905, 51, T, 405; Mon, .Sci, 190.5, 63, 111; Chem. Zts. 1905, 4, 
270, 386. 

7. H. P. 23()0,5, 1913; abst. J. .S. C. I. 1914. 33, 1113. 

8. E. P. 8299, SiiOO, 1900. 

9. i;. P. 19375, 1891; abst. Mon, .Sci. 1897, 50, 639. 

10. E. P. 10881, 1904: abst. J. S. C. I. 190.5, 24, .503; Chem, Ztg. 1905, 

29, 1014; Mon. Sci. 1906, 65, 138. 

11. E. P. 14342, 1903; abst. J. S. C. I. 19a3, 22, 1085; Chem. Ztg. 1904, 
28, 1052; Mon. ,Sci. 1905. 63, .52. U. .S. P. 80-151.5, 1905; abst. Chem. Zts. 

1906, 5, 17; J. A. C. S. 1906, 28R, .342; Mon. .Sci. 1906, 65, 67. 

12. E. P. 14247. 1886; abst. J. S. C. I. 1887, 6 , 729; J, Soc. Uyers Col. 
1886, 2 , 810. 

13. E. P. 14364, 1885; abst. J. S. C 1. 1886, 5, 666; Chem. Centr. 
1887, 58, 423; Wag. Jahr. 1887, 33, 488. 

14. L. Dioy, Beig, P. 277686, 1910, 

15. E. P. 5223, 1908; abst. J. S. C, I. UK)9, 28, .529, * 

16. E. P. 22434, 1908; abst. J. .S. C. 1. 1909, 28, 1199. E. P. 393665; 
abst. Mon. .Sci. 1909. 71, 135. U. S. P. 928864. Ik-lg, P. 211215, 1908. 

17. Bull. Soc, Chim. Belg. 1910, 24, 2.36; abst. J. S. C. I. 1910, 29, 694. 

18. D. R. P. 127985; abst, Zts. ang. Chem. 1902, 15, 182; Chem. Centr. 
1902, 73, I, 504; Jahr. Chem. 1902, 55, 3,56; Chem. Ztg. 1902, 26, 186; W^. 
Jahr. 1902, 48, 1, 305; Mon. Sci. 1902, 58, 1,53; Chem. Zts. 1902, 1, 460, 473. 

19. D. R. P. 117129; abst. Zts. ang. Chem. 1901, 14, 166; Chem. Centr. 
1901, 72, I, 285; Jahr. Chem. 1901, 54, 196; Chem. Ztg. 1900, 24, 90; Wag. 
Jahr. 1901, 47, 1, 518; Mon. Sci. 1901, 57, 1,52; Chem. Zts. 1902, 1, 32. 

20. E. P. 10011, 1885; abst. J. S. C. 1. 1886, 5, 465 

21. E. P. 15218, 1893; D. R. P, 71917; abst. Wag. Jahr. 1894, 40, 371; 
Zts. ang. Chem. 1893, 6, 700; Ber. 1894, 27, 175; Mon. Sci. 1894, 44, 66. 

22. E. P. 127677, 1917; abst. C. A. 1919, 13, 2421. 

23. E. P. 117649; abst. J. S. C. 1. 1918, 37, .579-A. 

24. Belg. P. 163688, 1903. 

25. E. P. 6016, 1886; abst. J. S. C. I. 1887, 6 , 292. 

26. E. P. 124988, 1918; abst. C. A. 1919, 13, 1748; J. S. C. I. 1919, 38, 
323-A. 
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Kestner,* and are among the more meritorious processes. 

Sulfuric Acid and Nitrogen Oxides.^ Reference has already 
been made to the rdle played by the nitrogen oxides in the cham¬ 
ber process for the manufacture of sulfuric acid. It is believed 
that the oxides act in a cyclic manner, involving the intermediate 
formation of nitrosylsulfuric acid, SO 2 ( 0 H) 0 N 0 . The reactions 
of nitrogen oxides and sulfuric acid have been studied by R. 
Weber," C. Winkler," and G. Lunge and his pupils." 

Nitrous and nitric oxides are practically insoluble in sulfuric 
acid, and do not appear to chemically react with it. 'Lhe solu¬ 
bility of NO in sulfuric acid has been measured by J. Kolb," and by 

G. Lunge." The latter states that 1 liter of concentrated sul¬ 
furic acid absorbs, at the ordinary temperature, only 0.0593 gm., or 
35 cc. NO, and acid of sp. gr. 1.5(K) absorbs only half that amount. 

In the presence of oxygen, nitric oxide is readily absorbed by 
concentrated sulfuric acid, but it is then converted, before ab¬ 
sorption, into higher nitrogen oxides, N 2 O 3 and NO 2 . If the 
gases after mixing are rapidly brought in contact with the acid, 
nothing but nitrosylsulfuric acid is formed, even with excess of 
oxygen. 'I'he higher nitrogen oxide formed, therefore, behaves 
as though it were all nitrous anhydride, N 2 O 3 , although only 
traces of this can exist in the gaseous state under the conditions 
of the experiment"; 2 S 02 ( 0 H )2 + N 2 O 3 = 2 S 02 (OI 1 )ONO -f- HjO. 
If, however, the mixture of nitric oxide with oxygen or air is 

1. Uingl. Poly. 1885, 255, 87; abst. J. S. C. I. 1885, 4, 210. 

2. Clement and De.sormes, Ann. Chim. 1806, 59, .329; N. Gehl, 4, 4.57. 
l5avy, Chem. ord. philos. researches chieHy concerning nitrous oxide, London, 
1800. 

ii. J. prakt. Chem. 1882, 85, 42:1; 1867, 100, .37; Pogg. Ann. 1864. 123, 
.341; 1866, 127, ,543; 1867, 130, 277; Dingl. Poly. 1863. 167, 453. 

4. "Researches on the Chemical Processes going on in the Gay-Lussac 
Towers," Frcilierg, 1867. 

5. Bcr. 1877, 10, 107.3, 1432; 1878, 11, 434, 1229. Dingl. Poly. 1878, 
228, 70, .548, .5.53; 1879, 233, 63. Ber. 1879, 12, 3,57, 10.58; 1881, 14, 2188, 
2196;1882,15,488, 495. Chem. Ind. 1884, 7, 5. J. S. C. I. 1885, 4, 31, 447. 
Ber. 188.5, 18, 1376, 1384, 1391. J. C. S. 1885, 47, 457, 465. Ber. 1888, 21, 
07, 3223. Zts. ang. Chem. 1889, 2, 26.5, 385; 1890, 3, 195; 1899, 12, .393. 

6. Bull. Soc. Ind. Mulhouse, 1872, 225; Bull. vSoc. Chim. 1873, 20, .521. 

7. J. S. C. I. 1885, 4, 447; 1886, 5, 82. Ber, 1885, 18, 1391; 1886, 19, 

111 . 

8. Sec 0. Witt, Ber. 1878, 11, 2188. W. Ramsay and J. Cundall, 
J, C. S. 1885, 47, 187, 672. G. Lunge, J. C. S. 188.5, 47, 457; Zts. anorg. 
Chem. 1894, 7, 209. H. Dixon and J. Peterkin, Proc. Chem, Soc. 1899, 115. 

H. Brercton, H. and M. Baker, J. C. S. 1907, 91, 1862. J. Biehringer and 
W. Borsum, Ber. 1916, 49, 1402; abst. J. S. C. I. 1916, 35, 961. 
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allowed to stand for a greater or less time ijefore bringing it into 
contact with the acid, nitrogen peroxide is formed, which yields 
nitric a»id in contact with sulfuric acid, as well as nitrosylsulfuric 
acid. 

1. 2NO 4- O 2 = 2N().2. 

2. SO..(OH)-. + 2N().. = SOalOIDONO + UNO,. 

The absorption is then less rapid than in the previous 
case, and the reaction is reversible. The importance of these 
facts in connection with the Clay-1,ussac tower has already been 
pointed out. 

The compound formed by the absorption of nitrous fumes in 
concentrated sulfuric acid may be obtained in a solid state. It 
was formerly considered to be nitrosulfonic acid, SOafOlDNth, 
but is now regarded as nitrosylsulfuric acid, S() 2 (()H).().NC), and 
is best prepared by passing sulfur dioxide into well-cooled fuming 
nitric acid until the whole is pasty, and drying on a porous tile 
over sulfuric acid. It forms quadrangular prisms, but is often 
obtained in the form of feathery crystals, 'riiesc melt at 73° 
(Weltzein) or 12()°~13()° (Gaultier de Claubry), but with decom¬ 
position and evolution of red fumes of nitrogen oxides. 

An anhydride of nitrosylsulfuric acid, N20n.2,S0:i, or 
NO.O.S02.0.S0.2.().NO, is formed by mixing liquid sulfur dioxide 
and nitrogen peroxide, or sulfur trioxide and nitric oxide, or by 
heating sulfur trioxidc with nitrogen peroxide. 

The action of water on chamber crystals has already been 
described in connection with the (>lover tower, and its behavior 
towards sulfuric acid of various concentrations mentioned. No 
appreciable decomposition occurs with acids of higher s]). gr. 
than 1.5.'); below this, rapid decomposition occurs. 

The use of chamber crystals instead of niter for supplying 
nitrogen oxides to chambers has been proposed;' they are also 
used in making azo-dyes and other azo-compounds." When they 
are heated with common salt, nitrosyl chloride, NOCl, is formed. 

By the aetion of sulfur dioxide on nitrous vitriol, a blue or 
purple acid is formed, the composition of which has been the 
subject of much discussion.’ It appears to be nitroso-sulfurie 


1 . 

2 . 

3. 


Soc. Ic Nitrogene, F. P. 404071, 1001>. 

J. Pabst and A. Girard, K. P. 2811. 1878. 

W. Manchot. Zts. aiig. Chem. 1010, 23, 2112; 

• • 


I'Jll, 24, lli; IIU2, 
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acid, H2SNOS, but Las not been isolated m a pure state, it is 
supposed to play some part in the reactions of the chamber pro¬ 
cess, but its rdle is purely hypothetical. • 

Recovery of Waste Sulfuric Acid. Many processes have been 
proposed to recover .sulfuric acid from various manufacturing 
residues.' 

The acid tar from the refining of petroleum and oils contains 
considerable amoimts of sulfuric acid. l*he Chemische Fabrik 
A. G.‘ dilute with water in the proportion of one of water to one 
of acid, and allow to .settle, 'fhe lower layer contains the acid, 
and may be freed from the remaining resinous impurities by 
washing with carbolic acid or other similar bodies, and can then 
be used in decomposing sodium phenate or cresate. The acid 
is preferably converted into ammonium sulfate by neutralizing 
with ammonia after adding .5% of tar bases, the resinous impuri¬ 
ties floating to the .surface with these. R. Ostrejko’ tluows out 
the tar with water and then decolorizes with specially pre¬ 
pared charcoal. J. Fleischer^ introduces the acid into clay ves¬ 
sels, which are then placed in water. Pure sulfuric acid diffuses 
into the water, while the acid content of the tar decreases. G. 
Stolzenwald‘ dilutes the waste acid with water, heats in covered 
lead pans and leads the vapors to condensers in which oil and 
water separate. The residue is run into a vat, where it is cooled. 
The resin and tar separate on the surface as a solid cake, while 
acid of .55° B^., containing only a small amount of tany matter, 

25, 105.5; abst. C. A. 1911, 5, 1683; 1912, Sj 3312. P. Sabatier, Compt. rend. 
1896,122,1417; abst. Jabr. Chem. ISOtr, 49, 384. P. Raschii;; Zts. ang. Chem. 
1910, 23, 2248;1912, 25, 1055. J. Buraczewsld and S. Zbijewski, OeSterr. 
Chem. Ztg. 1911, 14, 235; abst. J. S. C. I. 1911, 30,1208; Ci A. 1912, $, 1068. 

A. Girard and J. Pabst, E. P. 3.581, 1881; abst. Chem. Ind. 1881, 4, 431. 

1. K. Farrar and F. Gill, U. S. P. 206309. F. Gardair and T. Gladysz, 

E. P. 5030, 1882. M. Barrett. E. P. 1394, 1870. T. Jackson, E. P. 1583, 
1874. J. Mackenzie.E. P. 13907,1915; abst. J. S. C. 1.1916, 35, 838. Norsk. 
Hydrb-Elektrisk Kvaclstofakticsclskab, Norw. P. 23068. I. Pfeiffer and J. 
Fleischer, Aust. P. 4.3239, 1910. A. Perrisat, U. vS, P. 2(H244, 1978., Rhein- 
ische Gelatine-Werke G. m. b. H., F. P. 336507, 19011. Sec also Y. Manuro, 
Chem: Techn. Japan, 1919, 3, 25; abst. C. A. 1919, S3, 1372. 

2. E. P. 9614, 1885; abst. J. .S. C. I. 1886, 5, 160. 

3. E. P. 18040. 1900. 

4. U. S. P. 182246, 1006; abst. C. A. 1907,1, 2333; 

5. D. R. P. 212000, 213589, 1908; abst. C. A. 1910, 4, 239; Wag, Jahr. 
1909, 55, 11, 28; Zts. ang. Chem. 1909, 22, 1692, 2249; Chem. Zentr. 1909, 
n, II, 484, 1094; Chem. Ztg. Rep. 1909, 33, 506; Zts, Schiess. Spreng. 1909, 

4, 292, 294. Chem. Ztg. 1908, 32,1017; abst. C. A. 1909, 3, 230. 
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remains, 'fhe Steaua Romana Petroleum G^s., Regensburg' run, 
the acid continuously into boiling sulfuric acid while introducing 
a current of air. Organic matters destjoyed, and the vapors 
are collected in a suitable apparatus. The addition of sulfuric 
acid is only necessary in starting the process. W. van Tienen* 
adds water and heats the mixture to lrl0°-l()r)° under a pressure 
of 7 atm. llie water added must suffice to dilute the remaining 
acid to a density not more than 52“ B6. F. Biililer' exposies the 
waste acid to hot gases free from oxygen, at a temperature of 
273“ and upwards, by means of a rotating drum dipping into it. 
The coke residue left on the dnim is removeil by a scraper, and 
also recovered. J. Ilausman' states that the recovered acids 
contain about 2'^; of sulfonic acids. A. Gcllen‘ heats tlie acid 
with steam coils in a special apparatus, and obtains a separation 
into acid and oils. The SprengstolT A. O. Carbonit* pass the 
gases and vapors over water or dilute nitric acid, when'solid 
organic matters solidify. F. BraunliclF runs the acid tar slowly 
into fused sodium bisulfate, preferably kept in motion, at a 
temperature above the boiling point of sulfuric acid. Ihe pres¬ 
ence of a catalyzer, e. g., copper sulfate, increases the action. 
Acid which has been diluted with water may also be treated. 
C. StilF warms the w'aste acid and feeds it to a steam jet blower 
worked by steam under pressure, which may be superheated. 
The intimate mixture of steam and waste acid is delivered into 
a vessel surmounted by a dome. The acid collects in this vessel, 
and the acid resins and other solid impurities settle out as a fri¬ 
able mass. The steam j)asses to a condenser and waslier, to 


1 D. R. P. 221015, 1!)0!); abst. C. A. I'.llO, 4, 2718; Chein Zentr. 1910, 
81, 1. 1818; Jahr. Clicm. 1910, 63, 1, 520; Chem. Ztg. Hep. 1910, 34, 27.5; 
Wae Tahr 1910. 56, I, 70; Mon. Sci. 1914, 81, 70. 

^ 2 K. P. 2;i308. 1910; abst. C. A. 1911, 5, 81.52; J. S. C. 1. 1911, 30. 4(W. 

3. 1). R. P. 2877.55; abst. J. S. C. 1. 1910, 35, 170; Clicm. .^utr. t915, 
86, II, 980.; Chem, Ztg. Rep 1915, 39, 418; Zts. ang. Chein 191.5 28, II, 682. 

4. Petroleum, 1911, 6, 2801; abst. J. S. C. I. 1911, 30, H'lJ. ,,,,« 

.5. U. S. P. 100802.5; abst. C. A. 1918, 7, 2408; Chem. Ztg. Rep. ,191.3, 

E P. 118:54, 1913; abst. C. A. 1914, 8, 2807; J. S. C. 1. 1913, M,, 
,130; Chem. Ztg^Rep^l914._38,29| ^ ^ 

D. R. P. 267878; abst. C. A. 1014. 8, 998; Zts. ang. Chem 1914, 27, 50; Chem. 
Zentr. 1914, 85, I, 198; Chem. Ztg. Rep. 1913, 37, 094; Wag. Jahr. 191.1, 59, 
I 381 

’ 8 D. R. P. 291775; abst. J. S. C. I. 1910, 35, 829; Zts. ang. Chem. 

1916, 29, 271; ClWra. Zentr. 1910, 87, I, 1048; Chem. Ztg. Rep. 1910, 40, 217. 
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remove SO 2 . J. and, A. Blowski' dilute with water and rapidly 
distil to minimize reduction of the sulfuric acid by organic matter 
present. C. van Vooshut® dilutes with water to about 52“ B6., 
and places in a lead-lined, steam-jacketed autoclave. 'Carbon 
dioxide is forced in till the pressure rises to 7 atm., then steam 
into the jacket of the autoclave until the pressure within rises 
to 10,atm. The heating is maintained for 2 hours, when the 
acid will have separated from the tar. ITie acid and tar are blown 
out separately, the CO 2 being washed and re-used. Kroupa’ 
runs the acid tar in a finely divided state over heated fire-proof 
and acid-proof materials, with admixture of air. Other methods 
have been proposed.^ 

Waste acid from the manufacture of benzol may also be 
recovered. The Phoenix A. G., Gelsenkirchen,* mix the waste 
acids with ammonia water, to obtain ammonium sulfate. A. 
Gasser* agitates the acid vigorously with a current of warm com¬ 
pressed air, which causes the impurities to become agglomerated 
and can be skimmed off from the surface of the acid. The air 
may be that used for cooling coke oven brickwork, and it is pref¬ 
erably dried with quicklime.' 

M. Lcmaitre* treats acid from the manufacture of dynamite 
with steam superheated to 21)0“ 400°, or with hot air in connec¬ 
tion with dilute sulfuric acid at 200“. ITie acid after denitration 
still contains 2 V 2 %- 2 % nitro.sulfonic acid, which, after concen- 

1. U. S. P. U8()37;i, 1910; abst. J. S. C. I. 1916, 35, 839; Ann. Rep. 
Soc. Chem. Ind. 1917, 2, 181, 

2, E. 1>. 12.303, 191.3; abst, J. S. C. I. 1910, 35, 528. D. R. P. 292728; 
abst. Zts. ang. Chem. 1910, 29, 352; Chem. Ztg. Rep. 1916, 40, 285. 

, 3. Aust. P. 07110; abst. Oest, Chem. Ztg. 1917, 20, 14. 

4. Zdaska, D.R. P.Anm.Z.8310. P. and F, Murphy, U. S. P. 1094861. 
A. Kiitzer, E. P. 27977, 1913. J. Blowski, U, S. P. 1180373, 1916. Farben- 
fabr. vorm. F. Bayer & Co., Aust. P. 06211; abst. Oest. Chem. Ztg. 1917, 
20, 14. E. Clark. U. S. P. 232685, 188(1. Chem. Fahrik Akt. Ges. Hamburg, 
D. R. P. 34947, 30372; abst. Wag. Jahr. 1886, 32, 445, 440; 1887, 33, 112. 
T. Dottercr, U. S, P. 270763; abst. J, S. C. I. 1883, 2, 178. 

5. D, R. P. 289102; abst. J. S. C. 1, 1916, 35, 422; Zts. ang. Chem. 
1910, 29, 27; Chem. Zentr. 1910, 87, 1, 193; Chem. Ztg, Rep. 1916, 40, 18. 
D. R. P. 289524; abst. J. S. C. I. 1910, 35, 422; Zts. ang. Chem. 1916, 29, 
69; Chem. Zentr. 1916, 87, 1, 193; Chem. Ztg, Rep. 1916, 40, 39. 

6. D. R. P. 272130; abst. J. S. C, I. 1914, 33, 587; Oest. Chem. Ztg. 
1917, 20, 14. 

7. C. Dreymann, D. R. P. 233517; abst. Wag. Jahr. 1911, 57, I, 112. 
CL H. de Groussilliers, D. R. P. 43900; abst. Wag. Jahr. 1888, 34, 7C. 

8. Mon. Sci. 1913, 78, 217; abst. Chem. Ztg. Rep. 1913, 37, 478. 
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tration to 02/<acid, is reduced to . T. Jones' cools 

this acid to freeze out the nitroglycerol, which is separated cen- 
trifugally. The acid may then be treateij with superheated steam 
until Ved fumes are evolved, when hot air is substituted for the 
steam. The Saltpetersaure-lndustrie ties., Gelsenkirchen, have 
also devized a process for the recovery of these waste acids.- 

E. Natho’ treats acids contaminated with inorganic salts 
with equivalent quantities of calcium carbonate and line sand. 
The precipitate, consisting of gypsum and sand, is heated in an 
auttx'lave to 800°. The sulfuric acid evolved is taken up 
in water. 


Methods for the treatment of waste pickle have been de¬ 
scribed. E. Howl and E. I’erry' evaporate until the free acid 
attains a concentration of about 7.')' (, when the major portion 
of the ferrous sulfate separates in the anhydrous form. R. I.av- 
ender, J. Richards and 1). Williams'’ filter, evaporate and allow 
to crystallize. The crystals arc heated in fireclay retorts, and the 
acid vapors utilized in a chamber plant. '1'. Parker and A. 
Robinson* evaporate to sp. gr. 1.1 in contact with iron. 
Strong sulfuric acid is added, resulting in the precipitation of 
anhydrous ferrous sulfate, which may be distilled for the produc¬ 
tion of fuming acid. '1'. Parker’ proposes to regenerate the acid 
by electrolysis, with deposition of iron on the cathode. 1'. Ander¬ 
son* precipitates with milk of lime, allows the precipitate of ferrous 
hydroxide, calcium sulfate, and a little excess of lime, to subside, 
and pumps it to a filter press. The cakes arc exposed to air for 
1. E. P. .'i04, 1«78; abst. Cheni. Iiid. IK78, 1, 108; Wag. Jahr. 1880, 2fi, 


2 E. p. 1811.3, 1913; abst. J. .S. C. I. 1014, 33, 700 
3. D. R. P. 202400, 1012; abst, C. A. 1013, 7, 3.'i34; Zts. ang. Chem, 
1913, 26, 477; Clieni. Zfiitr. 1013, 84, II, .5,')2; Chem. Ztg. Rep. 1013, 37, 
4.38; Wag. Jalir. 1013, 59, I, 381; Zts, Schiess. Spreng. 101.3, 8, 207. 

4 E. p. 5830, 1014; abst. J. S. C. I. 1015, 34, 423; Client, Ztg. Rep. 
191.5, 39, 3.30; Ann. Rep. .Soc. Chem. Iml. 1010, 1, 110. E. Eireman, U. S. 
p. 12879.39, 1018; abst. C. A. 1910, 13, 417. Chim. Ind. 1920, 3, 200. W. 
Pughsley, Ek P. 22.59, 1807 ; 4.37.3, 1874. Stcaua Romana Petroleum Oes., 
D. R. P.’224.500; abst. Wag. Jahr 1010, 56, I, 71; C. A. 1911, 5, 105; Zts, 
ang. Chem. 1910, 23, 2105; Chem. Zentr. 1910, 81, II, OlXi; Chem, Ztg. Rep. 
1910, 34, 475; Mon. Sci. 1914, 81, 88; Jahr. Chem. 1910, 63, I, .507. 

' ‘ ‘ 2, 1878; abst. Wag. Jahr. 1870, 25, 204; J. A. C. S. 


5. 

1, 501. 

6 . 

7. 

8 . 


E. P. 3182. 


1879, 


E. P. 105.54, 1889. 

E. P. 9032, 1889, abst. J. S. C. I. 1890, 9, 435, 

E. P. 3505, 1913; abst. C. A. 1914, 8, 2.587; J. S. C. I. 1914, 33, 312. 
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a few days, when finely divided ferric hydroxide is formed, which 
may be used in the purification of coal gas. ■ 

The by-products resulting from the manufacture of sulfuric 
acid are burnt pyrites, zinc, iron, copper,' selenium, thallium, 
silver, etc.; a discussion of their recovery and utilization being 
beyond the scope of this work. For detailed information on this 
subject tl^e subjoined sources may be consulted.' 

Preparing Mixtures of Oleum and Sulfuric Acid. J. Prats’ 
gives a formula for preparing definite mixtures of oleum and 
ordinary acid. Let a = quantity of oleum, containing h% SOj, 
required; x = weight of oleum of given concentration k% free' 
SOj; y = weight of ordinary sulfuric acid containing s% H 2 SO 4 . 
Then; 

m -f 40(100 — s) 

^ ^ '-ili + 40(100 —s) 

9(k — k) 

2. y = 0 X j5^:jr'40(i0() - i') 

If ordinary acid of sixty-six degrees Baume is used, the 

1. U. S. Min. Resources, l'.)U, I, <.)77. H. Lorcntzcii. D. R. P. 254253, 
264840; abst. Wag. Jahr. 1912, 56, I, 202. liruek, Kretshcl & Co., F. P. 
457246; abst. C. A. 1914, 8, 2140; I). R. P. 271822; abst. C. A. 1914, 8, 2338. 
W. Buddacus, D. R. P. 278064. 1). R. P. 27;5277, al)st. Chem. Zentr. 1914, 
88, I, 1719; C. A. 1914, 8, 2671. Hochofenwerk I,iiel)cck Akt. Gcs., D. R. 

P. 280849; aljst. J. S. C, 1. 1910, 34, O'rO; C. A. 1915, 9, 1686. C. Hoepfner, 

D. R, P. 66096, abst. Ber. 1893, 28, 25;l; Wag. Jahr. 1892, 38, 222. Inter- ■ 
nationale WasscrstolT Akt. Gcs., 1). R. P. 220889, 2447;i2; abst. Chem. Zentr. 

1912, 83, I, 1062; C. A. 1912, 6, 2232. P. Klason and H. Mcllquist, Swed. 

P. 35177. H. Koelsch, Chem. Ztg. 1913, 37, 7,53; abst. Chem. Zentr; 1913, 
•J, II, 640; J. C. S. 1913, 194, ii, 729; C. A. 1913, 7, 3r>83. J. McFetridge, 

U. S. P. 104572;!, 1912; abst. J. S. C, I. 1913, 32, 24; C. A. 1913, 7, 685. 
Mackay Copper Process Co., D. H. P.278153;abst. C. A. 1915,9,762. Metals 
Research Co., D. R. P. 293!Mi7. G. Polysius, D. R. P. 277M4. A, Ramen, 

D. R. P. 293541. J. SavclsbCrg, D. R. P. 268093, ab.st. C. A. 1914, 8, 1563. 

D. R. P. 210742, abst. Chciu. Zentr. 1909, 80, II, 163. D. R. P. 241464, 
iddn. to D. R. P. 210742. I>. H. P. 261307, abst. Chem. Zentr. 1913, 84, 

II, 200, 398; J. S. C. 1.1913, 32, 1011; C. A. 1913,7,3108. D. R. P. 261800, 
addn. to D. R. P. 261307; abst. Chem. Zentr. 1913, 84, II, 398. O. Spinzig 
and A. Wannag.'D. R. P. 250454; abst. Chetn. Zentr. 1913, 84, I, 453; J. S. 

C. I. 1913, 32, 241. P. Uebbing, Mewl, and Hrz. 1913, U, 607; abst, 
Zts. ang. Chem. 1914, 27, 90. G. VanArsdale, U. vS. P. 1119477, 1119478, 
1914; abst. J. S. C. I. 1915, 34, 36. Van Endert and Koenig; Chem. Ztg. 
Rep. 1914, 38, 124. C. Weeks, U. S. P. 1048247, 1912; abst. J. S. C. I. 

1913, 32, 85; C. A. 1913, 7, 680; Mon. Sci. 1913, 79, 99. W. Weldon, E.'P. 
5607, 1882; abst. J. S. C. I. 1883, 2, 415; Ber. 1884. 17, 33; Chem. Ind. 
1884, 7, 45; Chem. Tech. Rep. 1884, 23, 1, 217. 

2. Chem. Ztg. 1910, 34, 264; abst. C. A. 1910, 4, 1790. Eighth Inti. 
Cong. Appl. Chem. 1912, 1, 395. 
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formula may readily be abridged so'as to read as follows: 


• la, = a X 
2a. y = 0 X 


h + 20 
k + 20 
k — k 
k + 20. 




A graphic method of detcniiiiiiiig the proportions of oleum 
and C, O. V. for mixing is described by Iv. Craven.' Two parallel 
side scales are provided with a slide between them. One of the 
scales is marked with C. O. V’. concentrations in per cents. H!S 04 , 
the other with oleum strengths in per cents. SO 3 . Unit lengths 
on each side scale correspond with the same percentage difference 
of SOj. The slide is marked with an inclined line divided into 
too parts, joining two corresponding points on the scales, e. g., 
lOO' i, 1128(^4 and SO:,. The slide is set with one end of 

the line against the desired strength of acid and the percentage 
strengths of the storage tanks of oleum and C. O. V. joined by 
a line. The intersection point of the divided line gives the read¬ 
ing for the relative proportions of oleum and C. O. V. to be 
mixed. A similar arrangement is described by H. Moore.* 

The Properties of Pure Sulfuric Acid (Monohydrate). Pure 
sulfuric acid, generally called monohydrate, i. e., SOj.HjO, has 
the formula H, 2 S 04 , or vS() 2 (OH) 5 . It may be regarded as con¬ 
taining 81.0.3% S 0.1 and 18.37% H 2 O. It is a colorless oily 
liquid, without smell. Its sp. gr. at 0° is 1.8,'>3; at 1.5°, compared 
with water at 4°, has been given as: 1.8384 (G. Lunge and P. 
Naef), 1.8378 (Schertcl), 1.8.372 (Marignac, P. Kohlrausch and 
D. Mendel4eff*). The specific gravity varies to the extent of 
±0.001 per degree C. 

Pure monohydrate solidifies on cooling to about 0° C., fom\- 
ing large, flat crystals which melt at 10 ..5°. They remain super- 
fused considerably below this tem}X!rature, but solidify on agita¬ 
tion, or on the addition of a trace of solid.* The acid begins to 

1. Chem. News, 1018, U7, 217; abst. J. .S. C. I. 1018, 37, 412-A; C. 
A 1919 13 249 

2 . ’ J.’lnd. Eng. Chem. 1012 . 4, &77; abst. C. A. 101 . 3 , 7 , 1587. 

3. Ber. 1884, 17, 1748, 2536, 2711; abst. Bull. Soc. Chim. 1886, 44, 
197: Jahr. Chem. 1884, 37, 76. 

4. The Chem, Fabrik Criesheim (D. R. P. 24402; abst. Wag. Jahr. 

. 1883, 29, 266) make use of this property of .sulfuric acid to produce pure 
monohydrate. See also W. jorissen, Chem. Weekblad. 1013, U, 962; abst. 
C. A. 1914, 8, 35^0; Chem. Zentr. 1014, 85, I, 105. 

» 



1312 TECHNOLOGY OF CELLULOSE ESTERJ 

boil at 290°, but the boiling point rises to 338°. This change is 
due to the dissociation ^of the acid: HjSOi = HjO + SO 3 ; the 
vapor is a mixture of HjSO,, SOj and steam. This dissoeiktion 
begins at as low a temperature as 30°-40°, when slight fumes of 
SO3 are given off by the pure monohydrate. Thus the latter 
cannot be obtained by distillation, but only by adding the 
requisite amount of the anhydride to the pure concentrated acid. 
It may also be obtained by crystallization of the latter by cooling. 

'iTie vapor of sulfuric acid is almost completely dissociated, 
'the theoretical vapor density for H 2 SO 4 is 3.3S() (air = 1); that 
for the completely dissociated mixture, 1 .(>93. Deville and Troost 
at 444° found the vapor density 1.74.' 

Transportation of Sulfuric Acid. This acid is often trans¬ 
ported, especially in relatively small amounts, in large glass 
bottles holding about 1.") gallons, called carboys. These are pro¬ 
tected by enclosure in baskets or boxes, and closed by stoneware 
stoppers, which may be dipped in melted sulfur and put in place 
before the sulfur solidifies. Plaster of paris is also used for keep¬ 
ing the stoppers tight, but soon becomes soft in contact with 
the acid. 'I'he baskets are easily eaten away by splashing of acid, 
and the bottoms fall out first. In England, baskets of strong 
hoop iron, or iron from cotton bales, well tarred, are used, and 
these form very durable and clean packings. In America, cub¬ 
ical boxes are preferred, kept together by iron hoops and packed 
with marsh hay. Straw is used in many cases, but infusorial 
•arth is not attacked by acid. In France large stoneware jars are 
used, which are encased in baskets when shipping. 

'For transporting large amounts of acid, tank wagons or cars 
are used. These are of wrought iron, which resists the action of 
V)il of vitriol not weaker than 130° Tw., provided this contains 
no nitrous compounds, and air is excluded. The tanks are usually 
boiler-shaped, of as high as 50 tons capacity. The thickness of 
the, plate is ■’/s to ’/m in. for acids down to 140° Tw., and "/is 

1. W. Dittmar, Chem. News, 1869, 20, 258. G. Oddo and G. Anelli, 
Gazz. chim. iul. 1911, 41, 5.52; Chem. Ztg. 1011, IS, 816. D. Lichty, J. A. 
C. S. 1908, 30. 1814; abst. J. S. C. 1.1909, 20, 20. A. Hantzsch, Zts. physik. 
Chem. 1907, 01, 2.57; Chem, Ztg, HK)8, 32, 1240. H. Armstrong and F. 
Worley, Froc. Roy. Soc. 1914, 90A, 73;abst. J. S. C. I. 1914, 33, 960. The 
reduction of sulfuric acid by earlx>n monoxide is discussed by J. Milbauer, 
Chem. Ztg. 1918, 42, 313; abst. C. A. 1918, 12, 2290; J. S. C. I. 1918, 37, 
404-A. , 
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in. for chamber acid. The plates must l)e carefully riveted and 
tightly caulked. Corrosion occurs when, the acid is in contact 
with iTir, so that the tanks should always be kept clo.sed.' In 
the United States sulfuric acid is transported in lOO-galloli, lead- 
lined dnims. 

Special containers for carboys have been described," as well 
as arrangements for filling and closing the same.’ 

The transport of sulfuric acid by water is becoming increas¬ 
ingly important. For overseas transport, wiKxlcn boxes lined 
with lead arc iiften used. The boats themselves may be used on 
canals if lined with lead.'* It has been proposed to soak up the 
acid in kieselguhr,’ loam or clay,® or to mix the acid with anhydrous 
sodium or magnesium sulfate.’ Rules for the transportation of 
oleum have been made by the United States Steamboat In¬ 
spection Service." The maritime transport of sulfurie at'id has 
been discussed by A. Mutin'' and Maurcourt."’ Careless packing 
can lead to serious accidents." 

Properties of Sulfuric Acid. The ordinary concentrated sul¬ 
furic acid (C. O. V.) usually contains about ilS'),'. H 2 S() 4 . It is 
assumed that liquid acids containing water, contain hydrates 
of H 2 S()<. Many of these are assumed to have been ob- 


l U Norrtiiberg, Cheni. Iiul. IKDO, 19, .t,').!; abst. J. S. L. 1. 

16, 141. W. Balinaiii and W. Meiizies, H. 1'. 117, 1S70. H Kalx', Zts. aiiK- 
Clicm. 1911, 24, 40;i. T. Oppkr, Clu ni. Iiid. 1SS9, r,2H. 

■J H Gaden, K. I’. 7X;i7, 191.">: abst. J. S. C. 1. 191.'), J4, 11'.b. I'fcITer, 
Zts ant! Cliein lOIIS, 21, 9S, 1114. AktieiiKCS. f. Anilinfubrikation, I) K 1’. 
H-i.'tO; abst. Wan. Jahr. I8S(), 26, 2:i(i. A. Mauser, li. 1’. II09.'’>, 219Sti, 1902. ^ 
C. Ganieri, E. I’. 2190, ISH'i; abst. J. .S. C. I. 1H«4, 3, 1<2. 

E. Junckers, Chcin. ZtR li«)2, 26, .W2. , 

4. J. Holden, E. 1’. 280'>, 1X77; abst. Clicm. Ind. IKtX, 1, 1X1. Kuld- 

inann, Chein. Ind. 1X79, 2, 222 „ , , , , .uoa ta 

.') VorstcT & Griincbcrg, 1). It. P. 24t4X; abst. Wag. Jahr. IXX.t, 29, 
2.a0; Mon. Sci. 18X4, 26, .MO. I. McDougall, E. P J429 1X92. 

0. P. Itippcrt, 1!. P. X7r.2, 19(X). See W. Nichols, U. vS. P. 1757.14, 

7 W White and A. Itickinan, E. P 17095, 1XX7; abst. J. ^ !• 

188X 7, X45 .Sec also li. I’. 17790, 1X91; abst, Chem. Centr. 1X92, 64, I, 
0.20. ’ P. Claes, Belg. P. 142901, 1X99, E. P. 21X74.5 1902 abst. Chc-m, Zts. 
1903. 2, 273. A. Rickman, I>. K- P. 45723; abst. Wag. Jahr. 1889, 35, M). 

8. Tunc, 1915; abst. ChciTi. Trade J. 1915, 57, 104. 

9. Rev. chim. ind. 1918, 27, 7; abst. C. A. 1918, 12, 1109. Sec also 
L. Couher, Belg. R. 127343, 1897. 

10. lingrais, 27, 988; abst, C. A. 1912, 5, 2—9(). 

11. Oil, Paint and Drug. Rep. Mar. 15, 1915; abst. J. S. C. I. 1915, 34, 
350 In this connection sec H. Jordan, D. R. P. 280803, 1913; abst. J. S. 
C. i. 1915, 34» 704. Control of emergencies arising from the manufacture 
or handling of acidj*is discussed by F. Carulla, J. S. C. I. 1902, 21, 220. 
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tained by cooling the solutions, particularly by D. MendeWeff 
and S. Pickering, but J;he researches of R. Knietsch* have shown 
that the only definite hydrates of sulfur .trioxide are 2SOj.HjO, 
SOs-HjO and SOa.2HjO. The evidence for the other, supposed 
hydrates is no longer admitted* by modem physical chemistry, 
and th^y are undoubtedly only eutectic mixtures. 

ITie hydrates 2SOj.HjO and SOj.HjO have already been 
described. The dihydrate of sulfur trioxide,, SO>.2HjO, or 
HjSOi.HjO,. is formed by cooling rather more dilute acid, say 
that of 144° Tw., containing 84.44% monohydrate and 15.52% 
. water, or 68.97% anhydride and 31.03% water. It melts at +8°, 
but rernaios superfused, and only solidifies below 0 °. The crystals 
of this hydrate, which are large hexagonal prisms with hexagonal 
pyramidal ends, may separate from carboys of 144° Tw. acid if 
kept ih a cold place, and crack them, Such acid therefore should 
always be stored in a warm locality. Stronger or weaker acid 
may be exposed to winter weather without solidifying.. On heat¬ 
ing to 205°-210°, the liquid loses the additional molecule of 
water, and forms ordinary oil of vitriol. 

As stateii above, the strongest acid which can be obtained 
by boiling ordinary oil of vitriol contains 98% HjSO*. This acid 
solidifies a little below 0°, but shows superfusion in a high degree. 
It boils at 338° (Marignac), 315°-317° (Pfaundler and Polt), the 
former observation being usually considered as correct. The acid 
. if boiled at the atmospheric or lower pressure bumps violently, 
but may be avoids by placing bits of platinum foil or wire in 
the retorts. Dittmar states it is best to lead a slow current of 
air through the boiling acid. Above atmospheric pressure boil- 
..ing occurs quietly. 

The acid of 98% strength (98.3'X, according to Lunge) is an 
acid of maximum boiling point, as was shown by Knietsch, cor¬ 
responding with 330°. 'Fhe vapor pressure at 100° of this acid 
i^ zero; the density is a maximum; the electrical resistance also 
^gins to increase sharply at this point, reaching a maximum at 
the monohydrate. This acid also, absorbs the vapor of sulfur 
trioxide very readily, a fact made use of in the manufacture of 
. .oleum. . ; 

Although the general results of Knietsch are probably more 

1. .Ber. 1901, M, 4088. . See T, Sullivan, Chem. Met. Eng, 1919, 21, 
611; abst. C. A. 1920,-14,207. 
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or less correct, it is necessary to observe that more recent work 
has thrown considerable doubt on the accuracy of the results 
obtained by this observer. The thermijl data, in particular, 
must nftw be regarded as quite untrustworthy. 

Ordinary “rectified oil of vitriol” (R. 0. V.) usually contains 
less than 98% HjSOi. The usual O. V., formerly called 170° 
Tw., but really 168° Tw., varies from 1)0'^;. to 93',’( or 92'/J, HaS 04 . 
The density is not a reliable criterion of the strength at this point, 
since a large difiference of strength produces only a small change 
of density. The density is also higher than that of pure acid of 
the same strength, on account of dissolved impurities. 

In determining the strength of sulfuric acid by means of 
hydrometers the above points must be kept in mind, and also the 
fact that commercial hydrometers are often inacnirate. The 
Twaddell hydrometer, used in England, has an unaltered scale, 
each degree corresponding with a difference of density of'0.005. 
On the Continent and in the United States Baum^’s instniment is 
used, and the degrees of this, according to various authorities, 
correspond with different densities, so that inueh confusion has 
resulted from its use. 

The rational Baumd hydrometer is graduated according to 
the scale; 

1 - 14.3 

Density (water = 1 = 

This scale has been adopted in Germany and France. In 
the United States the scale: 

1-U) 

Degrees B^. = 14.5 - 

was formerly adopted, and has been specified by the Bureau of 
Standards.* It is greatly to be regretted that such arbitrary 
differences should be legalized, and the best course would un¬ 
doubtedly be to abandon the use of this scale altogether, and work 
in densities. Tables of comparison of the Baum4 and Twaddell 
degrees and densities are given in Chapter VIII. 

The strengths of mixtures of sulfuric acid and water are 
usually obtained from density tables, those at present most in 

1 U. S. Bur. Standards Circular No. 59, 1.3 (1916); abst. C. A. 1916, 
10, 1720. 
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use being due to Lunge and Isler, Pickering, D. Sidersky,' and 
H. Holler and E. Pfeffer.* Many of the tables are not com¬ 
parable, as the densities have been taken at different temperatures, 
or referred to water at different temperatures. Some hav< been 
corrected for air-displacement, and others not.’ The Lunge and 
Isler densities all refer to 15° and water at 4°. They therefore 
give the, weights in grams of 1 cc. acid measured at 15°. The 
accuracy is given as ±0.05. 

These tables may be used, of course, only with pure acids, 
the figures for commercial acids being always higher. 

Accurate tables have been prepared by J. Domke and W. 
Bein,'* E. Worden and J. Motion,’ W. Ferguson,® and by D. 
Mendel€eff.? 

The effect of temperature on the density of .sulfuric acid has 
been given by G. Lunge.® The mean figures are as follows. For 
each degree C. above or below 15°, add to or subtract from the 
density observed, the following corrections: 


For acids up to 1.170 . O .lXKXi 

" " from 1,170-1,4.50 . 0.(K)07 

" .1,4.50-1,.580 . 0,1X108 

. 1.580-1.7.50 . O lXimi 

" " " " 1.7,50-1.840 . 0.0010 


The effect of impurities on the density is variable. The 
common impurities arc lead sulfate, nitrogen oxides and sulfur 
dioxide. Arsenic and iron usually occur in small amounts only, 
but Glover acid may be strongly contaminated with these sub¬ 
stances, and sodium and aliminium salts may also be present. 
The effect of sulfur dioxide on the density has been studied by 

1. Ann. Chim. anal. lOKl, 21, 107; abst. C. A. 1017, 11, .320, Chem. 
Trade J. 1010, 59, 416, 

2. J. A. C. S. 1010, 38, 1021; abst. C. A. 1010,10, 14.5.3; Chem. Zentr. 
1010, 87, n, 040; J. S. C. 1. 1910, 35, 002 . 

3. G. Lunge and M. Isler, Zts. ang. Chem. 1800, 3, 120; abst. Jahr. 
Chem. 1800, 43, 47,3', J. C. S. 1801, 60, 1.50; J. S. C. I. 1800, 9, .501. See 
also G. Lunge and P. Naef, Chem. Ind. 1883, 6 , 37. 

4. Zts. anorg. Chem. IIXW, 43, 12.5; abst. Jahr. Chem. 190.5-1908, I, 

I. 572; J. C. S. 1005, 88 , ii, 1.57. 

.5. J, S. C. I. 11X1.5, 24, 178; .ibst. Jahr. Chem. 190.5-1908, 1, 1114; 

J. t. S. 1905, 88, ii, 280; Chem. Centr. 1905, 76, I, 1480; Zts. ang. Chem. 
1905, 38, 1773. 

0. J. S. C. I. 1905, 24, 7>.XI; abst. J. C. S. 1905, 88, ii, 6.32; Chem. 
Centr. 1905, 86, II, 1120; Zts. ang. Chem. 1906, 19, 342. 

7. Zts. physik. Chem. 1887, 1, 273; abst. Jahr. Chem. 1887, 40, 7.3; 
J. C. S. 1888, 54, 343. 

8. "Technical Chemists Handbook," 1910, 126. 
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J. Dunn.' Nitrous acid has a very marVed cITcct on the density 
of sulfuric acid, although it will probably 1 k‘ in nitrous vitriol only 
that sufficient oxides of nitrogen occuj to interfere appreciably 
with* the densities. A. Marshall" has examined the effects of 
impurities on the densities of sidfuric acid. Niitable amounts 
of nitric acid may be found in acid recovered from the spent acid 
of denitrators. An additional 0.1''i of various sulfates raises the 
density of strong acid by 0.001, lead sulfate l>y 0.001.5, arsenous 
trioxide by O.lHll.'!, nitrosulfonic acid by O.OOO'JT. Lead sulfate 
is slightly soluble in strong acid: O.S' J, acid may contain 0.0!l'/(, 
Pb.SO,, and Od' e acid, 0.00' < PbSO,. 

The effect of arsenous trioxide on the density of sulfuric 
acid has been observed by R. Kissling," and is ((uite appreciable. 

A table prepared by Anthon enables any acid of desired 
strength to be prepared by mixing u parts of C. O. V., O.S'V, with 
100 parts of water at 15° to obtain an acid of density b.' 

The freezing points of sulfuric acid mixed with water have 
been determined by (5. Lunge,' S. Pickering,' J. Ihilo," R. Pic¬ 
tet,’ R. Knietsch,* and H. Cdran." The boiling points of the 
acids have been recorded by (L Lunge.'" 

The vapor pressures of sidfuric acid have been determined 
by V. Regnault," by E. vSorel, and by R. Knietsch. The accuracy 


1. Chem. News, IKSl, 43, llO; 45, 270; ubst. Jalir. Chem. 1S8I, 
34, 1()2; 18H2, 35, 228; J. C. S. 1S,H2, 42, 1027. 

2. J. S. C. I. 1002, 21, l.aO.S; ahst. Jalir. Clieiii. 1002, 56, .’MH. 

2 Chem. Ind. 18.80,8, 127; ahst’. Chem, News, 1880, 54, 00; Her. 1880, 
18, 008-R; Chem. Tech. Ke|). 1880, 25, I, 102; Jahr. Chem, 1880, 39, 2047. 

4. Her. 1881, 14, 2040; ahst. J. C. S. 1882, 42, 202; J. S. C. 1. 1882, 
1, 140; Bull. Soc. Chim. 1882, 37, 107; Chem. Teeh. Ke|). 1881, 20, 11, 1/9; 
Jahr. Chem. 1882, 35, 101. ^ 

.I, 1. C. .S, 1800, 57, 221; ahst J. S. C. I. 1800, 9, 200; Bull. .Sue, C hun, 

18'.K), 4, 484; Chem. Centr. 1800, 61, 11, 2.'); Jahr. Chem. 1800, 43, 184, 105. 

0. Chem. '/An 1.802, 16, 1088; ahst. J. S. C. 1. 180.1, 12, 82,; J. C. h. 
1802, M, ii. 202; Jahr. Chem. 1802, 45, 225. _ 

7. Compt. rend. 1.804, 119, 042; ahst. J. C. h. 180a, 68, n, 100; J. S. 
C I 1805, 14, 25; Chem. Centr. 1804, 65, 11, 001; Jahr. Chem. 1804, 47, 410. 

8 Ber. 1001, 34, 41<KI; ahst. J. C. .S. 1002, 82, ii, 122; J. ,S. C. 1. 1(M)2, 
21, 172, 242; Jahr. Chem. 1001, 54, 242. 

0 Bull. Soc. Chim lOUi, 13, 1040; ahst. J. S. C. 1. 101.1. 32, ,88. 
Compt. rend. 1012, 157, 275; ahst. C. A. 1012, 7, 20:12; Chem. Zentr. B112, 

M, 11, 1100. „„ „ .. „ . 

10. Ber. 1878, 11, 270; ahst. J. C. S. 1878, 34, .5,5.1; Bull. Sue. Chun. 
1878, 30, 421; Chem. Centr. 1878, 49, 200; Chem. Tech. Kep. 1878, 17, 1, 
454 

'll. Ann. Chim. Phys. 1845, (2), 15, 170; Compt. rend. 1845, 20jll27; 
ahst. Pogg. Ann. Phys. 184.5, 65, 125, 221; Ann. los. Chim. 1840, 22, 29, 
233. 
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of the results of the tv/p latter observers have been called in 
question. Probably the most trustworthy results we possess, 
apart from those of Regnqult, are those of B. Burt.* 

The specific heats of sulfuric acid solutions have been deter¬ 
mined by Marignac as follows: 


HjSOj + 5Hfi . 0.6764 

H:S04 + 10H,O. 0.7212 

HiSO, + ISHrf). 0.7919 

HjSO, + 25H,0. 0.8537 

HjSO, + 50H,0. 0.915,5 

H,SO, + 100H,0. 0.9545 

H,SO,+ 200H,0. 0.9747 

HtSO,+ 400H,0.. 0.9878 


Another table is due to F. Bode.’* Knietsch’s figures for 
oleum’ are very doubtful. 

The refractive indices of acids have been determined by V. 
Veley and J- Manley,’ the smface tensions by J. Morgan and 
C. Davis,’ the viscosities by A. Dunstan and R. Wilson,’ R. 
Kremann and R. Ehrlich,’ and A. Dunstan,’ the free energy of 
dilution by M. Randall and O. Cushmann,’ and the reducing 
effect of free hydrogen by F. Jones.*’ 

A very important paper on the thermal properties of sulfurie 
acid and oleum is that of A. Porter.*' In this the author reviews 
critically the entire subject, and gives a number of tables and 
curves, some of which are reproduced in Chapter VIII. Since 

1. J. C. vS. 1904, 85, 1339; abst. Bull. Soc. Chim, 1905, 34, 4.50; Chem. 
Centr. 1904, 75, II, 1691; Jahr. Chem. 1904, 57, 460. 

2. Zts. ang. Chem. 1889, 2, 244; abst. J. S. C. I. 1889, 8, 543; Bcr. 
1889, 22, 419-R; Jahr. Chem. 1889, 42, 227. 

- 3. Ber. 1901, 34, 4102; abst. J, C. S. 1902, 82, ii, 132; J. S. C. I. 1902, 
21, 172, 343; Jahr. Chem. 1901, 54, 242. 

Proc. Roy. Soc. 1905, 79, 469; abst. J. C. S. 1905, 88, ii, 781; J. S. 
C. 1.1906, 24, 1066; Chem. Centr. 1905, 76, II, 1151; Jahr. Chem. 1905-1908, 
1, 1574. 

5. • J. A. C. S. 1916, 38, 855; abst. J. S. C. I. 1918, 35, 8:i5; C. A. 1916, 
Id, 838; J. C. S. 1916, 110, ii, 224; Chem. Zentr. 1916, 87, 1, 1119. 

6. J. C. S. 1907, 91, 85; 1908, 93, 2179; abst. C. A. 1907, t, 9.56; Bull. 
Soc. Chim. 1907, 2, 1153; Chem. Zentr. 1907, 78, I, 1009; 1909, 80,- 1, 821; 
Jahr. Chem. 1905-1908, 1, 1573. 

7. Monatsh. 1907, 28, 831; abst. J. C. S. 1907, 92, ii, 747; Chem. Zentr. 
1907,'-78, II, 1290; Jahr. Chem. 1905-1908, I, 80. 

8. Proc. Chem. Soc. 1914i 30, 104; abst. C. A. 191.5, 9, 405. 

9. J. A. C. S. 1918, 40, 393; abst. C. A. 1918, 32, 549; J. C. S. 1918, 
324, a, 147. 

10. Mem. Manchester PhU. Soc. 1917, 61, No. 3. 1; J. C. S. 1917, 312, 
a, 530; abst. J. S. C. I. 1917, 36, 1269. 

11. Trans. Faraday Soc. 1917, 241; abst. C, A. 1918, 32, 517; J. S. C. 
I. 1918, 17, 27-A. 
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these data are intimately involved in *the consideration of the 
concentration of sulfuric acid, they will be deferred until that 
section (see p. 1352). 

Action of Sulfuric Acid on Metals. The action of sulfuric 
acid of various concentrations and temperatures on different 
metals is of considerable importance in connection with the manu¬ 
facture, concentration, storage and utilization tif the acid. A 
considerable amount of meritorious work has been done on this 
subject, but the results are still largely incomplete, and some¬ 
times contradictory, and this may lx^ due to the circumstance 
that some metals may assume a passive condition under well 
defined conditions, and also to the effects produced by traces of 
impurities in the acid, and more especially in the metal. This 
is especially the case with lead, as has already been mentioned. 

The following general results m.ay be stated: With metals 
which can decompose water at any temperature (e. g., zinc and 
iron), dilute sulfuric acid evolves hydrogen. At higher tem¬ 
peratures, the concentrated acid evolves sulfur dioxide from these 
metals, and zinc may even liberate hydrogen sulfide. Most of 
the heavy metals (e. g., copper and lead) do not act upon dilute 
sulfuric acid, or on the concentrated acid in the cold. When 
heated with concentrated acid, they evolve sulfur dioxide. Gold, 
iridium and rhodium have no effect on sulfuric acid at any tem¬ 
perature. The action on platinum is discussed below. 

Action of Sulfuric Acid on Iron and Steel. Concentrated sul¬ 
furic acid has but little action on cast iron, whether hot or coW, 
provided the acid is prevented from absorbing moisture from the 
air. The diluted acid, of course, attacks cast iron violently. 
Thus, salt-cake pots arc made of cast-iron, and cast-iron vessels 
are used for parting gold and silver, for storing and pumping the 
acid, and for nitration. Some varieties of cast iron resist the 
action of acids better than others. This question is not yet as 
clearly decided as might be desired, since the nature of the metal 
is usually referred to its source rather than to its chemical and 
physical properties. 

G. Lunge* gives the following results: 

• 1. At the ordinary temperature all acids down to 106° Tw., 

1. Chem. Ind. 1886, 9, 74; abst. Bcr. 1880, 19, 668 -R; Jahr. Chem. 
1886,39,2050. , 
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in the absence of air, dct very little on all varieties of cast iron. 

2. At 1(M)° the action is much stronger. It is least in the 
case of acid of 108° Tw' I'/t times stronger with acid of d42° 
Tw., and 3 times stronger with acid of 100° Tw. 

3. At the boiling point of the acids the differences are far 
more pronounced. Acid of 108° Tw. acts very little even at its 
boiling point, 29.5°, both in the pure state and as commercial acid 
containing a little NjOj, or SOj. But acid of 142° Tw. acts on 
the average 14 times stronger at its boiling point, 200°, than the 
same acid at 100°, and 20 times stronger than acid of 108° Tw. 
At 200° C. commercial acid of 142° Tw. does not act much 
different from pure acid of the same strength. Hence it is not 
feasible to concentrate acid of 142° Tw. in iron vessels, but only 
acids of 108° Tw. and upwards. Acid of 10()° Tw. at its boiling 
point, 14.7° acts rather less than acid of 142° Tw. at 200°, but 
still 14 times as much as acid of 108° Tw. at 29.)°. There is no 
difference between pure and commercial acid in this case. 

4. The differences between the various mixtures of cast iron 
are of no importance against acid of 108° Tw. in all cases, and 
against the weaker acids at 20° and 100°. But the latter acids 
at their boiling points .act decidedly less on charcoal-pig and on 
chilled cast iron than on the other kinds. A difference between 
hot and cold casting could not be found. The strongest attack 
took place on Scotch pig, and mixtures containing it. 

R. Knietsch' has examined the action of sulfuric acids and 
oleum on cast iron, mild-steel and puddled iron. He gives tables 
for the losses per sq. m. per 72 hours at liS°-20° and remarks that, 
whereas cast iron vessels resist ordinary acid, they cracked with 
oleum. The effect is apparently due to the penetration of the 
yores of the metal, and the conversion of the carbon into carbon 
dioxide. Remarks on the use of cast iron have been made by 
Rohr* and A. Ricevuto.’ 

Wrought iron is acterl upon much more than cast iron by 
weaker acids, but at the ordinary temperature it resists the action 
of strong acid down to 140° Tw., and probably a little below. 
After absorption of atmospheric moisture, however, the acid 


1. Bcr. 1901, 34, 4109; abst. J. S. C. I. 1902, 21, 172; Jahr. Cbem. 

1901, 54 , 242. ^ 

2. Chem. Tech. Cciitralanz. 1880. r>45; abst. Wag. Jahr. 1886, 32 , 29.'). 

3. Chem. Ztg. 1907, 31 , 960; abst. Chem. Zeiitr. 1907, 75 , II, 15.58. 
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strongly attacks wrought iron (Lunge), the latter being somewhat 
strongly acted upon by fuming acid containing up to 27% St).i 
(Knietscii). This corresponds with the electrical conductivity of 
the acid. Towards 279; oleum, wrought iron is tiuite passive, 
and resists the acid for years. 

The action of sulfuric acid on iron and steel has been studied 
by C. Fawsitt and C. Powell,' with the following results; 

1. Concentrated sulfuric acid acts at the ordinary temperature 
on steel and some kinds of east iron, with production of ferrous 
sulfate, hydrogen and a small quantity of sulfur dioxide. 

2. The reaction proceeds more rapidly with rise of temper¬ 
ature, and the gaseous products at 1S()° being sulfur dioxide with 
occasional small quantities of hydrogen sulfide, but no hyilrogen. 

■'{. The rate is increased on the average about li times for 
each 10° rise in temperature. 

4. The rate of reaction depends on the concentration of the 
acid, but for small dilutions the ratio Ho, SOo in the gases remains 
almost unchanged. 

Although the rate of reaction depends to a certain extent 
on the composition of the sample of iron, the nature of the surface 
is an important factor. 

(). The rcsidts were the same on the small as on the large 
scale. 

7. It is possible to calculate the conditions of safe carriage of 

acid. 

The elTect of arsenic on the action of .sulfuric acid on iron 
has been studied by W. Wiard,' who finds that when the concen¬ 
tration of arsenic in acid of ()()°-()(i° Rd. reaches about 
the rate of action is reduced to about onc-fifth. 'flic influence 
of various substances on the rate of corrosion of iron by sulfuric 
acid has been investigated by f). Watts," but he used weak acid 
(10%-19%), so that the results are of little interest in the present 
discussion. 

The action of sulfuric acid on various alloys of iron has ' 
recently been specially studied. Alloys of iron and silicon occur 
under various trade names. Tantiron,narki, ironac, elianite, dur- 

1. }. S. C. I. 1914, 33 , 234; see also C. Fawsitt and A. Pain, J. Proc. 
Roy. .Soc. N. S. Wales, 1919, 52 , .396; abst. C. A. 1919, 13 , 1799. 

2. Chem. Analyst, 1918, n, 10; abst. C. A. 1918, 12 , 2184. 

3. Paper No. 23,,GcneraI Meeting Amer. lilcctrochcin. Soc. 1912. 
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iron, metilltir are all varieties of silicon-iron. The great drawback 
to all these materials ^s their great brittleness; they are also liable to 
contain flaws and segregations, so that their manufacture requires 
iflhch more extensive improvement than has yet been found pos¬ 
sible. 'fhe acid-resisting properties of aU these alloys arc similar. 
The action of dilute sulfuric acid on alloys of iron with vanadium, 
chromium, tungsten, nickel, cobalt and manganese, has been 
investigated by L. Aitchison.' A. Olle* found that sulfuric acid 
(sp. gr. 1.180) attacked the glass of the carboy and dissolved iron 
from it. This is of interest, since acid used for accumulators must 
be quite free from iron. Pure acid may become contaminated 
with iron by standing in green glass vessels. Probably lead-lined 
tanks would be the best receptacles for accumulator acid. Tlie 
action of sulfuric acid on concrete has been investigated.® 

Action of Sulfuric Acid on Lead is a subject of importance, 
and a considerable amount of work has been done in this field. 
Some of the results are contradictory, and in many cases they 
are useless because acairate analyses of the metal were not made. 
It appears that traces of impurities may have a marked action, 
so that rough experiments made on metals of unknown compo¬ 
sition are without value. Much of the so-called "practical” 
work is of this type, and is quite useless. Earlier work was 
carried out by R. Calvert and C. Johnson,® Mallard,® A. Bauci 
and P. V. Mertens,® J. Glover,’ N. Cookson,® J. Mactear,® J 
Hochstetter,'" J. Napier," and V. Veley.'® An extensive series ol 
experiments on the subject has been made by G. Lunge and E 


1. J. C. S. 19ie, »9, 288; abst. C. A. 1916, M, 1494. 

' 2. Austral. Pharm. Notes, Sept. 1, 1917; abst. C. A. 1918, 12, 1911 

J. S. C. I. 1918, ?7, U2-A. 

3. Anon., Dingl. Poly. 1908, 323, 494; abst. C. A. 1909, 3, 479. 

4. Compt. rend. 1863, S8, 140; abst. J. C. S. 1863, IS, 66; Rep. Chin 
Appl. 1863, S, 91. 

5. Bull. Soc. Chim. 1874, 22, 114; abst. Ber. 1874, 7, 1446. 

6. Ber. 1875, S, 210; abst. Bull. Soc. Chim. 1875, 23, 432; Chem. Teel 
Rep. 1875,14,1, 168. 

7. Chem. News. 1882, 45, 105; abst. Jahr. Chem. 1882, 35, 1.383; Be 
1882 IS 927 

8. ’ Chem. News, 1882, 45, 106; abst. Chem. Tech. Rep. 1882, 21, 11,18: 

9. Chem. News, 1880, U, 236; abst. Jahr. Chem. 1880, 33, 327. 

10. Bull. Soc. Ind. du Nord, 1890, 231; abst. Chem. Tech. Rep. 189 
25, II, 86; Chem. Ztg. Rep. 1891, 15, 36. 

11. Chem. News. 1880, 42, 314; abst. Jahr. Chem. 1880, 33, 328; Cher 

Tech. Rep. 1881, 20, 11. 98. „ 

12. J. S. C. I. 1891, to, 211; abst, J. C. S. 1891, 60, 525; 1892, 62, 41 
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Schmidt.* These experimenters found thi following results; 

1. At higher temperatures the purest lead in all cases resists 
both pu»e and nitrous sulfuric acid, with or*without access of air, 
much better than “regulus metal" (S2Pb + ISSb), or even soft 
lead with only 013‘X Sb. In the cold, lead with 0.2% Sb is but 
slightly better than the purest lead; regulus metal is inferior, and 
hard lead more so. 

2. Concentrated nitrous vitriol is always more active than 
pure acid. In the case of somewhat dilute acid (sp. gr. 1.72 to 
1.76) nitrous vitriol acts less than pure acid on soft lead and hard 
lead, owing to the formation of a protective coating of lead sul¬ 
fate. With more dilute acid, the action is stronger. In all cases 
nitrous Vitriol acts more in presence than in absence of air. 

3. Of two samples of soft lead, the purer one was decidedly 
better. The presence of only O.OI P;,' of bismuth acts injuriously. 

4. It is erroneous to judge the resistance of lead to sulfuric 
acid by the amount of gas evolved. Soft lead gives off at the 
ordinary temperature, after a week’s contact much more gas than 
hard lead. Thus, if acid is to he kept in scaled vessels, these 
should be of hard lead. 

5. I^ad containing up to 0.2'J,, of copper (alloys containing 
more copper cannot be homogeneously rolled) is in the cold more 
strongly acted upon by concentrated sulfuric acid than pure 
lead; with nitrous vitriol there is not much difference. At 100“ 
all strengths of acid act in the same way on pure lead and on lead 
containing copper, concentrated pure acid rather less than con¬ 
centrated nitrous vitriol, but more than nitrous vitriol of sp. gr. 
1.72, At 200“ C. concentrated acid acts alike on pure lead and 
on lead containing 0.2'/;; Cu; lead containing more Cu is slightly 
less acted upon by pure acid, but rather more by nitrous vitriol. 

6. Above 2(K)“ (22.’)“ 2.').'')°) lead alloyed with 1 % of antimony 

is far more strongly acted upon than pure lead; but lead contain¬ 
ing 0 . 2 % Cu resists the acid at 23.')“ much better than pure lead, 
and still better at 2.').')“. ' 

7. Pure soft lead gives no visible evolution of gas with pure 
concentrated acid up to 220°. From this point more gas bubbles 
are continually given off, and at 260“ the lead is instantly dis- 

1. Zts. ang. Chem. 1892, 5, 642; abst. Bcr. 1893, 26, 141-R; Chem. 
Tech. Rep. 1892, 31, II, 10.'); Jahr. Chem. 1892, 45, 2667. 
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solved (“flash-point”*) with strong frothing, smell of SO 2 , and 
precipitation of sulfur, the temperature rising to 275°. 

8. The same lead, alloyed with 0.2% Cu shows a, visible 
evolution of gas only at 2()0°, regularly increasing up to the boil¬ 
ing point (310°), at which the lead is very gradually dissolved. 

9. Soft lead alloyed with 1% Sb gives with sulfuric acid the first 
visible gas at 175°, more strongly at 225°, and between 275° and 
280° t(iere forms a turbulent solution. 

Lunge’s conclusions are as follows: For chambers, towers, 
tanks, pipes, and all other instances where the temperature can 
rise only moderately, and certainly never up to 2(X)°, the purest soft 
lead is preferable. For very high temperature, e. g., evaporating 
pans, the addition of ^)A% to 0.2% of copper is advantageous. 
In the presence of bismuth it preserves the lead from rapid solu¬ 
tion. .Technical monohydrate, and fuming acid, act much more 
energetically on lead than the ordinary acid. Concentrated mix¬ 
tures of sulfuric and nitric acids act very little on lead. The action 
of nitrous vitriol on lead is least at the point where the nitrosyl- 
sulfuric acid is still capable of existing, i. e., between sp. gr. 1.5 
and 1.0. Bismuth is very injurious to the acid-re.sisting qualities 
of lead. The question of the relative superiorities of lead de- 
silvered by the Pattinson or Parkes process, is disputed, the former 
being usually preferred. 

Fluorides, which sometimes occur in blende, cau,se great wear 
and tear of lead in the Glover tower and chambers.* 

Action of Sulfuric Acid on Platinum. The action of sulfuric 
' acid on platinum has been investigated by C. Marie,* L. McCay,’ 
W. Heraeus,* Scheurer-Kestner,® M. Delepine,* and J. Conroy.’ 
The results are more or less contradictory. Conroy’s conclusions 
are as follows: 

1. Sulfuric acid, even when pure, exerts a marked solvent 

1. Frost, Chem. 7Ag. 1902, 26, 12; abst. J. S. C. I. 1902, 21, 2,50. 

2. Compt. rend. 1907, 145, 117; 1908, 146, 47.5; abst. Jahr. Chem. 1905- 
1908, I, 3257; Chem. Zentr. 1907, 78, II, 1:J95; 1908, 79, 1, 1373. 

- 3. Eighth Inti. Cong. Appl. Chem. 1912, 1, 351; abst. C. A. 1912, 6, 

.3242; J. S. C. I. 1912, 31, 928. 

4. Chem. Ztg. Rep. 1891, 15, 36; J. S. C. I. 1891, 10, 460, 773; Jahr. 
Chem. 1891, 44, 2612; 1892, 45, 2644. 

5. Compt. rend. 1875, 81, 892; abst. Dingl. Poly. 1876, 221, 82. 

6. Compt. rend. 1906, 142, 631, 1013; abst. Chem. Centr. 1906, 77, 
I, 328, 534; Bull. Soc. Chim. 1906, 35, 10. 

7. J. S. C. I. 1903, 22, 465; J. Soc. Dyers Col. 1903, 19, 201; abst, 
Jahr. Chem. 1903, 56, 714. 
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action on platinum. The action tends to lilow down to a limit¬ 
ing value. The quantity of Pt taken up, lidOO grains per ton, 
exceed^ that found in practice. • 

2. Above 02'^c the concentration of the acid has little effect 
on the action. 

.■}. The rate of action is much influenced by temiieratiire; 
below 200° it is barely measurable; at 2.')0° it is pronounced. 

4. The rate of solution is influenced by certain impurities, 
but not by others. It is uninfluenced by (Nll 4 )'S() 4 , Pe,S() 4 , 
Fe 2 (S() 4 ) 3 , NaCl, NaNOs, but is accelerated by NajAsOj and 
PtCb. It is retarded by C, AsjOa, S, SOj and possibly by NjOj, 
i. e., by reducing agents. 

The Analysis of Sulfuric Acid. In connection with the 
analysis of sulfuric acid, the following points have to be considered; 

1. The gravimetric estimation of .sulfuric acid and sulfates. 

2. The volumetric estimation of sulfuric acid and sulfates. 

2. The analysis of oleum. 

4. The analysis of sulfurous acid and sulfites. 

The qualitative detection of impurities in sulfuric acid. 

(i. The quantitative estimation of impurities in sulfuric acid. 

Some general observations on these topics have already been 
made; in what follows the dilTcrent matters will be considered in 
greater detail. 

Gravimetric Estimation of Sulfuric Acid. Sulfuric acid and 
.sulfates arc detected in qualitative analysis by the formation of 
a precipitate of barium sulfate when barium chloride or nitrate 
solution is added to the solution acidified by hydrochloric or nitric 
acid. Barium sulfate is practically insoluble in water, dilute 
acids and solutions of salts. It is slightly soluble in concentrated 
acids, including sulfuric, especially on heating, and also in solu¬ 
tions of ferric chloride. Care should be taken in carrying out the 
test that an excess of concentrated hydrochloric acid, with barium 
chloride, or nitric acid, with barium nitrate, is not added, as then 
the barium chloride or nitrate may be precipitated. These priv- 
cipitates are crystalline and re-dissolve when the liquid is diluted 
and wanned. 

Free sulfuric acid is detected in the presence of sulfates in 
several ways. If the substance is extracted with alcohol, only 
the free acid dissolves, and may be detected in the solution. Also 
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if the substance is mixcfli Mrith a little cane sugar and evaporated 
in a porcelain dish on the water bath, charring occurs if free sul¬ 
furic acid is present. This reaction is not conclusive if sulfates 
of alumina or ferric oxide are present, or in the presence of free 
hydrochloric or nitric acid, but may be used to detect free sulfuric 
acid in acetic, phosphoric and tartaric acids. 

Insoluble sulfates may be decomposed by fusing with alkali 
carbonates, treating with water and adding barium chloride and 
hydrochloric acid to the filtrate. When melted with fusion mix¬ 
ture on charcoal before the blowpipe they form sodium sulfide, 
which stains silver black when the moistened mass is placed 
upon it. 

The gravimetric estimation of sulfuric acid is nearly always 
carried out by precipitating and weighing as barium sulfate. The 
process has already been described in connection with the analysis 
of pyrites, so that only a few additional details need be given 
here. The results are not always quite satisfactory. Z. Karaog- 
lanow* finds that in dilute solutions the precipitation depends on 
the concentration of the acid and on the amount of BaCU added. 
The quantity of BaSO* is said to decrease with increase of BaCU. 
When precipitation is made from a solution containing a rela¬ 
tively large amount of HCl or HNO3 the results are too high. 
The presence of KCl makes the results low; with KNO3 they are 
too high. K 2 SO 4 gives low results, but in presence of HCl they 
are too high. In dilute solutions K 3 S 04 is quantitatively con¬ 
verted into BaS 04 . The presence of chlorides of Na, NH 4 , Zn 
*and Mg does not affect the results; FeCU causes low results except 
in dilute solutions containing HCl. AICI3 in presence of HCl does 
not interfere, but CrCU causes the low results. Errors are less in 
jthe determination of Ba than of HjS 04 . Other rules are given 
by E. Pierce.* R. Silberberger’ states that precipitation as stron¬ 
tium sulfate in alcoholic solution gives accurate results. Zinc 
salts have no influence in this case. If present, the BaS 04 method 
gives incorrect results, unless the zinc is first precipitated by adding 


1. Zts. anal. Chem. 1917, 58, 417; abst. C. A. 1918, U, 1445: J. S. 
C. I. 1918, S7, 1(38-A. Sec also G. McUlere, J. pharm. Chim. 1919, 19, 296; 
abst. C. A. 19l9, 13, 2651. 

2. Met. Chem. Eng. 1916, 15, 353; Chem. Eng. Manuf. 1916, 24, 62; 
abst. C. A. 1916,10, 2793. See Ziegler, J. S. C. I. 1882,1, 118. 

3. Her. 19a3. 1^ 2756; abst. J. S. C. I. 1903. 22, 1149; Jahr. Chem. 
1903, SC, 348, 349. 
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ammonia until the liquid just .reddens phenolphtlialein.' Phos¬ 
phoric acid also causes too high results.« T. von Fellenberg* then 
adds’BaClj drop by drop in not too great excess to the boiling 
solution, which should contain about O.K! cc. cone. HCl per 100 
cc. Mechanical agitation is recommended by L. I^edoux.’ 

For accurate results, E. Worden and J. Motion* recommend 
spraying a 5% solution of BaCE with a fine atomiser into the 
boiling sulfuric acid solution, of not to exceed 5% strength, the 
amount of BaCU added being but a trifle over that required to 
precipitate the H 2 SO 4 .' The solution is boiled for ten minutes 
after precipitation in order to increase the size of BaS 04 crystals, 
allowed to stand until cold on account of the not negligilile solu¬ 
bility of BaS 04 in water, filtered through a Gooch, washed with 
warm 2'><, HCl until the filtrate is free from Ba, and gently^igniting. 

In the precipitation it is desirable to add the solution of 
barium chloride which is boiling in one beaker, to the solution 
acidified with hydrochloric acid which is boiling in another beaker. 
The precipitate is then always granular, settles rapidly, and may 
be easily filtered and washed. 

The Volumetric Estimation of Sulfuric Acid. The volumetric 
estimation of sulfuric, in the free state, is usually carried out with 
standard solutions of caustic potash or .soda. As indicators, lit¬ 
mus (in boiling solutions), methyl orange or phenolphtlialein, may 
be used. Litmus cannot be used in presence of sulfides nor 
phenplphthalein in presence of carbonates or ammonia. Methyl 
orange may be used in cold solutions in all these cases, but is not? 
as sensitive, a small quantity only being used. Oxalic acid can¬ 
not be titrated with methyl orange, but may he used as an indi¬ 
cator for titrating ammonia. Nitrous acid completely interferes 
with the use of methyl orange, notwithstanding the statement of 
Lunge to the contrary. When nitrites are present it is better to 


1. A. Thiel, Zts. anorg, Chcra. 100.!, 36, 81; abst. Chem. Centr. 1903, 

74, II, 523: J. S. C. I. 190,!, 22, 1104. , , „ 

2. Mitt. Lcbensmittclunters. Hvg. 101,5, 6, 101; abst. J. C. S. 1916, 
UO, xi, 147; J. S. C. I. 1916, 35, 490. 

3. Bull. Soc. Chini. Belg. 1014, 28, 51; abst. C. A, 1915, 9, 184. See 
also L. Winkler, Zts, ang, Chem. 1918, 31, I, 212; abst. C. A, *1920, 14, 259. 
See Exptl. Rep. No. 105, H. M. Factory Gretna, for the determination of 
sulfuric acid mist. Report 103 ou a modified iodine solution for the Reich 
test. A Af/10 solution is made by dissolving 635 gm. iodine in water con¬ 
taining 150-180 gm. NaOH and making up to .50 liters. 

4. J. S. C. I.»1905, 24, 178; abst. Chem. Centr. 1906, 76, I, 1480. 
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use alizarin red as indicator. Ferric and aluminium sulfates may 
be titrated like the free, acid, as they are highly hydrolyzed in 
solution. '■ 

The volumetric determination of sulfates is carried out by 
Vansteenberghe and BauziF by heating the solution to 
with excess of sodium carbonate, filtering, acidifying the filtrate 
with hydrochloric acid and boiling for 1 minute with a measured 
excess of 1.22% BaCb solution. The precipitate is washed on 
a filter and the excess of barium in the filtrate precipitated as 
carbonate by sodium carbonate. The BaCOs is collected, washed, 
and titrated with NH) HCl, using methyl orange as indicator. 

The volumetric estimation of sulfuric acid by means of ben¬ 
zidine was proposed by W. Vaubel,* and improved by F. Raschig,’ 
W. Mueller and K. Dlirkes^ and C. Friedheim and O. Nydcgger.*' 
'The mixlure is precipitated with a solution of benzidine hydro¬ 
chloride, the precipitate of benzidine sulfate being titrated with 
standard alkali. Numerous precautions must be taken, which 
are described by Raschig. 

Y. Nikaido* titrates with standard lead nitrate in alcoholic solu¬ 
tion with iodine as i.idicator. Yellow Pblj appears when all the 
sulfate is precipitated as PbSO^. H. Richmond and J. Merrey- 
wether’ employ a calorimetric method for the estimation of strong 
H 2 SO 4 . An electrometric method for the estimation of traces of free 
sulfuric acid in presence of sulfates is described by E. Vulquin and 
M. Entat.* Dilution of the strong acid with water and a hydro- 
pietric test is advocated by A. P 6 r.® About 100 cc. of acid arc 


1. Ann. Chim. Analyst, 1018, 23, 210; abst. J. S. C. I. 1018; 37, 680-A; 
C. Ar 1019, 13, 460. 

2. Zts. anal. Chem. 1806, 35, 16.1; abst. J. C. S. 1806, 70, ii, 507; 
J. S. C. I. 1806, 15, 385; Jahr. Chem. 1806, 49, 1110. 

3. Zts. ang. Chem. 1003, IS, 017, 818; abst. J. S. C. I. 1903, 22, 883, 
*1066; J, C. S. 1903, S4, ii, 572, 691; Jahr. Chem. 1903, 5S, 350. 

4. Zts. anal. Chem. 1903, 42, 477. Zts. ang. Chem. 1903, 16, 653; 
abst. J. S. C. I. 19a3, 22, 925, 1104; Jahr. Chem. lOOll, 56, 340. 

5. Zts. ang. Chem. 1907, 20, 19; abst. C. A. 1907, 1, 701; J. C. S. 1007, 
92, ii, 196; J. S. C. I. 1907, 26, 116; Bull. Soc. Chim. 1907, 2, .307; Chem. 
Zentr. 1907, 78, I, 504; Jahr. Chem. 1905-1908, I, 1588; Zts. anal. Chem. 
1908, 47, 507; 1910, 49, 464. 

6. J. A. C. S. 11X12, 24, 774; abst. J. S. C. I. 1902, 21, 1247; J. C. S, 
1902, 82, ii, 693; Chem. Centr. 1902, 73, 820; Jahr. Chem. 1002, 55, 357. 

7. Analyst, 1917, 42, 273; abst. C. A. 1917, 11, 2868; J. C. S. 1917, 

112, ii, 503; J. S. C. I. 1917, 36, 960. , 

8. Ann. Chim. Analyst, 1917, 22, 61; abst. J. S. C. I. 1917, 36, 545; 

C. A. 1917, U, 1804; J. C. S. 1917,112, ii, 268. _ 

0. Metall u. Erz, 1916, 13, 130; abst. Chem. Zentr, 1916, 87, I. 903; 
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diluted with 50 cc. water, cooled, and the density taken. It is 
more convenient to mix equal weights of^cid and water. If the 
stren^h of this mixture, found from the tables from its density, 
is multiplied by 2 this gi\'cs the strength of the original acid. 
This method should be used only for acids stronger than (>(>'’ Bi. 

The Analysis of Oleum. Reference has already been made 
to the analysis of oleum. The following additional points may 
be noted. Kqual weights of oleum and water may l)c carefully 
mixed, the mixture cooled, and its density taken with the hydrom¬ 
eter. It is preferable to dilute to about SO'-f HaSOj. 'I'here is 
danger of splashing unless the mixing is done carefully. The rest 
of the oleum, for etjual weights, is then added at once, and the 
mixed acid added to the rest of the water. The SO.i content of 
this acid is then found from the tables, and imdtiplied by 2. 
This gives the total SOj content of the oleum. Monofiy<lratc 
contains .Sl.OIl'Jf SOj. 

The strength of the oleum may also be determinctl by dilu¬ 
tion of a weighed amount and titration. Sidhir dioxide may be 
estimated by titration with icKlinc. 

The analysis of oleum has been described by C. I'urstenau,' 
W. Moller,* K. Becker,’ C. Winkler,< O. Clar and J. ('.aier,’ R. 
Gaunt, E. I'homas and W. Bloxam,® G. Eimge,^ B. Dobriner and 
W. Schranz,* E. Bcrl,“ B. Gavelle,"’ G. Lunge and H. Rey," T. 


C A 11)17. 11, 2808. In this coniuctioii compare H. Haxcr, Chtm, Centr. 
1882, 53, 770; abst. J. vS. C. I. 188;.), 2, 170. 

1. Cliem. ZtK. 1880, 4, 18; abst. J. Bharm. Chim. 1880, 2, 102; Chem. 
Ind. 1880, 3, ;i0; Dingl. Poly. 1880, 238, .Wl; Jahr. Chem. 1880, 33, ll.W; , 
Wag. Jahr. 1880, 26, 237. 

2. Cheni. Ztg. 1880, 4, .WO; abst. Jahr. Chem. 1880, 33, 1288; Wag. 
Jahr. 1880, 26, 241. 

3 Chem. Ztg. 1880, 4, 000; abst, Chem. Tech. Rep. 1880, 19, I, 40i; 
Jahr. Chem. 1880, 33, 1288. 

4. Chem. Ind. 1880, 3, 104; abst. Dingl. Poly. 1880, 237, .100; Jahr. . 
Chem. 1880, 33, 1288; Wag. Jahr. 1880, 26, 238. 

5 Chem. Ind. 1881, 4, 2,51; abst. Jahr. Chem. 1882, 35, 120/; Wag. 
Jahr. 1881, 27, 167; Zts. anal. Chem. 1882, 21, 441. 

0. J. S. C. I. 1907, 26, 117.5; abst. Chem. Zentr. 1008, 79, I, 487. 

7. "Technical Chemist’s Handbook,” 143. See also Zts. ang. Cheiji. 

1895,8,221. , , „ „ 

8, Zts. ang. Chem. 1800, 9, 4-53; abst. J. C. S. 1806, 70, n, 072; J. S. 

C I 1896 IS, 743; Ber. 1890, 29, 094-R; Jahr. Chem. 1890, 49, 2080. 

0 Chem. Ztg. 1910, 34, 428; abst. J. C. S. 1010, 98, ii,15:S8; Chem. 
Zentr, 1910, 81, I, 2041. , ^ 

10' Mon. .Sci. 1913, 79, .301; abst. C. A. 1913, 7, 2.527; Chem, Zentr, 
1913, 84, II, 82. . ,. , . u 

11. Zts. ang. Chem. 1891, 4, 105, describes a pipette suitable for weigh¬ 
ing out fuming sulfuric and other acids. , 
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Brewster,* G. Finch,* R. Vernon,’ R. Rosenlecher,’ M. Gerstner,* 
J. Prats,’ J. Knorr,’ Setlik,* R. Parker,’ H. Rabe,” and H. 
Howard.** * 

The acid is first liquefied, if necessary, by warming, and well 
mixed. A sample is then weighed. This may be carried out in 
a glass bulb, as described by O. Clar arid J. Geier, but is most 
conveniently done in a Lunge pipette, made entirely of glass. Above 
the tap is a bulb, rather less than an inch in diameter, and above this 
a second tap. Tlie lower portion of the pipette is gtOund'irilo 
a glass tube closed at the bottom. In the conical part of the pi¬ 
pette is a groove reaching half way down, the corresponding half 
of the groove being in the outer tube. By turning the pipette 
in the latter the tube can be made to communicate with the 
outer air, or the reverse. To fill the pipette, the tap is closed and 
a partial vacuum created in the bulb by suction at the top and 
closing the tap. Tlie point of the pipette is then dipped into the 
acid, and opened. When sufficient acid has entered the cock is 
closed, the outside of the pipette cleaned, and weighed. The 
pipette is taken out, rinsed out with water into a beaker, then 
the acid run slowly from the pipette into the water in the beaker, 
'fhe pipette is then rinsed down into the beaker. Very strong 
oleum (over 70% SO 3 ) is best weighed in glass bulbs, which are 
broken in water in a stoppered bottle. If the oleum is solid, a 
few lumps may be weighed and then dissolved in a known weight 

I. J. A. C. a 1907, 29, 137fi; abst. Chem. Zentr. 1908, 79, I. 887; 
Jahr. Chem. 190f>-1908,1, 1.'582. 

' 2. Zts. Res. Schiess. SprenR. 1910, 5, 187; abst. J. S. C. I. 1910, 29, 

626; J. C. S. 1911, 100, ii, l.K); Chem, Zentr. 1910, 81, 11, 411. 

. 3. Chem. Ztg. 1910, 34, 792; abst. J. S. C. I. 1910, 29, 1007; J. C. S. 
1910, 98, ii, 8a3; Chem. Zentr. 1910, 81, II, 1247. 

4. Zts. anal. Chem. 1898, 17, 209; abst. J. C. S. 1898, 74, ii, 404; J. S. 
, C. I. 1898, 17, 606; Chem. Centr. 1898, 69, I. 1.306; Jahr. Chem. 1898, 51, 

405. 

5. Chem. Ztg. 1887,11, 3; abst. J. S. C. I. 1887, 6, 289. 

6. Eighth Inti. Cong. Appl. Chem. 1912, 1, 395; abst. C. A. 1912, 6, 

3242. 

7. Chem. Ztg. 1912, 36, 1262; abst. C. A. 1913, 7, 950; J. C. S. 1912, 
182, ii. 1209; Chem. Zentr. 1912. 83, II. 2144. 

8. Chem. Ztg. 1889, 13, 1670; abst. J. C. S. 1890, 58, 414; J. A C. I. 
1890, 9, 417; Chem. Tech. Rep, 1889, 28, II, 208; Jahr. Chem. 1889, 42, 2341. 

9. J. Si C. I. 1917, 36, 692; abst. C. A. 1917, 11, 3007; J. C. S. 1917, 
112, ii. 420. 

10. Chem. Ztg. 1901, 25, 345; abst. J. C. S. 1901. 80, ii, 473; J. S. C. I. 
1901, 20 619; Chem. Centr. 1901, 72, 1, 1175. 

II. J. a C. I. 1910, 29, 3; abst. C. A. 1910, 4, 1003; J. C. a 1910, 98, 
ii, 239; Chem. Zentr. 1910, 81, 1 . 1452. 
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of analyzed monohydrate in a well-stoppered bottle. 

The solution is then titrated as usual. 1 cc. A^/NaOH = 
0.4003i^ gm. SO3. If S is the amount of vSOj in 100 parts found by 

titration, the amount of free SO3 is given by: free SO3 = S. 

4.4445(100 — 8 ). Instead of calculation, a table prepared by 
Knietsch may be used (see Chapter VIII). 

The preparation of an acid containing a given percentage of 
SO3 from oleum and C. O. V. may be carried out by means of this 
table. Let x be the weight of C. O. V. to be added to 100 parts 
of oleum to produce an acid containing a per cent, total SO3. 1 hen: 

b — a 

X = 100- 

a — c 

where b is the total SO3 per 1(K) of oleum, and c that in the C. O. V. 

Thus, if the oleum contains 2 .')..')' ,, SO,i, and the C. O. V. 
98.2% H 2 SO 4 , what weights must be mixed to pnxlucc mixed acid 
containing !{)% 8 O. 1 ? 

SO 

We have: a = 8,5.1; b = S(>.3; c = 98.2 X = <80.1. 

b — a 80.3.8.5.1 

Thus : X = 100 - = 100 --= 21 . 

a ■—• c ,8.5.1 — 80.1 

Thus, 100 parts of 2.5..5';( oleum must be mixed with 21 parts 
C. O. V. 98.2%, H2SO4 to form 121 parts oleum of 19%, SO 3 . 

The presence of SO-, in oleum necessitates a correction in the 
titrations. ‘ 

Setlik, and R. Parker, describe a method for the approximate ^ 
analysis of oleum, depending on the fact that, whereas monohy¬ 
drate does not fume in moist air, acid containing free SO3 emits 
white fumes. 50 gni. of fuming acid is weighed out to 0.05 gm. 
into a stoppered test tube. Distilled water is run in slowly from ^ 
a burette, with frequent shaking, so that the white fumes are 
completely reabsorbed. The cylinder is then opened, and air 
blown tlirough a glass tube onto the surface of the acid. While 
any free SO3 remains, this will cause fuming, which decreases 
towards the end of the titration and then suddenly ceases. The 
operation must be carried out in good light, and the temperature 
of th^ acid kept below 45°. If 50 gm. acid require, say, 3.65 

1. "Technical Chemist’s Handbook,” 143. See also Zts. ang. Chem. 
1805, 8 , 221. 
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cc. water, the free SO3 present is 3.55 X ^ = 15.78 gm.; hence 

the acid contains 31.56%*S03. The method is said to give results 
as accurate as those obtained by titration. 

Detection and Estimation of Sulfur Dioxide and Sulfites. 
Sulfur dioxide is readily detected by the smell, and the peculiar 
oppressive effect on the lungs by very small quantities of the gas, 
when other odorous gases are absent. It turns lime water milky 
like COj, but can be separated from that gas by passing through 
acid KMn 04 solution, when SOs is absorbed. Gaseous mixtures 
may be passed through a solution of caustic soda, which is after¬ 
wards examined for sulfites, as described below. Acidified KMnOj 
is decolorized, and a solution of in KI is reduced. Test-papers 
prepared by soaking paper in a solution obtained by boiling 2 
gm. staroh with 100 cc. of water and adding 0.2 gm. KIO3 dissolved 
in 5 cc. of water are turned blue by SOj. Sulfur dioxide is 
reduced by Zn or A1 in acid solution to H 2 S, which turns lead 
acetate paper black. A solution of a sulfite if mixed with sodium 
bicarbonate just acidified with acetic acid, gives a red color or 
precipitate when poured into a solution of zinc sulfate containing 
a little sodium nitroprusside. 'I'he reaction is more delicate when 
a little KsFeCNe is added. Thiosulfates do not give this reaction. 
If a drop of indigo is added to a solution containing sulfites, and 
the mixture shaken with powdered zinc, the indigo is bleached, 
owing to the formation of hydrosulfurous acid, H 2 S 2 O 4 . 

Free sulfurous acid may be estimated by titration with alkali. 
If phenolphthalein is used as indicator, the point of neutrality 
is reached with Na 2 S 03 , .so that 1 cc. A^/NaOH = 0.03203 gm. 
SO 2 . With methyl orange, however, the point of neutrality is 
reached at NaHSOs, so that 1 cc. A^/NaOH = 0.00400 gm. SO 2 . 
Xitmus cannot be used.' 

The solutions may also be titrated with iodine or perman¬ 
ganate. With decinormal solutions, 1 cc. = 0.003203 gm. SO 2 . 

' A. Sander* found the results with N/IO NaOH and methyl 
orange agreed with those with iodine, but phenolphthalein gave 

1. G. I,imgc, J. S. C. I. 1883, 2, 513. R. Thomson, Chem. News, 
1883, 47, 136. C. Blarez, Compt. rend. 1886, 103, 60; abst. Jahr. Chem. 
1886, 30, 1914. 

2. Chem. Ztg. 1914, 33, 1057; Zts. ang. Chem. 1914, 27, 194; abst. 
C. A. 1914, 0, 2132. 
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no decisive end-point. The end-point with methyl orange is also 
not very sharp, so that this ol)ser\cr oxidizes the SOj by neutral 
HjO* and titrates the HiS 04 formed.* The SOj may also be 
oxidized by boiling with a dilute solution of IlgCl-;. 

In sulfites, the sulfurous acid present as NajSOs, as well as 
the semi-frcc acid as NallSOa, may be estimated as follows: The 
total SOa is found by titrating with I 2 , or KMnfh and the bisulfite 
SOj by titrating another sample with NaOH and phenol])hthalcin: 
NaHSOs + NaOH = Na-SO,! + IIoO, Milbauer' states that the 
KMnOi should be in tenfold excess. 1 cc. KMn 04 should = 1 
mgm. vSO>. 20 vols. per cent. cone. H 2 SO 4 are added to the KMntX 
solution, then the sulfite solution, containing at most 1 mgm. 
SO 2 per cc., after which the excess of KMn 04 is titrated with 
oxalic acid, etc. 

E. Kedesdy- also oxidizes the Sfb with llj 02 . The*titration 
is made first with NaOH and methyl orange until a yellow color 
is obtained. H 2 O 2 is then added, which oxidizes the NalLSOj into 
Na 2 S 04 and H 2 VSO 4 . The titration with alkali is continued until a 
yellow color is obtained. 

In a solution containing free SO 2 and bisulfite, the titration 
is made with NaOH and methyl orange till the color just changes. 
Then phenolphthalein is added and titration continued till a red 
color appears. Each cc. of A' alkali used in the first titration 
corresponds with ().()(14()7 gm. free SO 2 ; each cc. in the second 
titration corresponds with 0.0()407 gni. bisulfite SO 2 , or 0.03203,5 
gm. semi-free SO 2 . • 

E. Knecht and E. Hibbert'' add excess of A'/IO bichromate 
made alkaline with NaOH, then acidify with H 2 SO 4 . The excess 
of CrOs is determined by titration with titanous chloride. The 
results agree with those by the iodine method of W. Giles and* 
A. Shearer.'* G. Jamieson'’ titrates with KIO 3 and HCl in pres- 


1. Zts, anal. Chem. lOOil, 48 , 17; abst. J. C, S. 1!I(W, 96 , ii, 204; J. .S, 
C. I. 1909, 28 , 103; Chem. Zentr. 1909, 80 , 1, r>7H; Jahr. Chem. 1909, 62 , 1, 480. 

2. Chem. Ztg. 1914, 38 , 001; abst. C. A. 1914, 8 , 2000; J. C. S. 1914, 
106 . ii, 485; J. S. C. 1. 1914, 33 , 01.5; Zts. ant?. Chem. 1914, 27 , II, 025, 

3. J. Soc. Dyers Col. 191,5, 31 , KK); abst. J. S. C. I. 1915, 34 , 1089; 

J. C. S. 1915, 108 , ii, 792; C. A. 1910, 10 , 322. \ 

4. J. S. C. I. 1884, 3, 197; 1885, 4, 30;i; abst. J. C. S. 1886, 56, 199; 
Ber. t885, U, 458, 528; Jahr. Chem. 1884, 37, 1,508. 

5. Amer. J. Sci. 1914, 38 , 100; abst. C. A. 1914, 8 , 3279; J. C. S. 1914, 
106 , ii, 777; J. S. C, I. 1914, 33 , 917. 
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crice of a drop of chloroform. The analysis of liquid SOa is de¬ 
scribed by R. Pictet.* 

Detection of Impurities in Sulfuric Acid. The detection in 
sulfuric acid of a residue on evaporation, ammonium sulfate, iron, 
lead, chlorides, hydrofluoric acid, .SOa, nitrogen oxides, nitric acid, 
and «a»1i»niiim, is carried out by the usual methods. 

Gaseous impurities are detected by shaking 2 kgm. of the 
undiluted acid in a half-filled bottle, and testing the air above 
the acid (1) with starch-iodate paper, (2) or with starch-iodide 
paper. Turning blue of the first indicates SOa, of the second, 
nitrogen oxides. I^ead is shown by the opacity produced by 
mixing the acid with five times its volume of pure alcohol; larger 
amounts are deposited on simple dilution of the acid. Iron is 
detected by boiling with a drop of pure nitric acid, diluting, and 
adding potassium ferrocyanidc, which gives a blue color. F. 
Venable* finds that the blue color of a mixture of cobalt nitrate 
and cone. HCl is turned green by traces of ferric salts, but not 
by ferrous salts. E. Kauder* states that sulfuric acid containing 
iron dissolves codeine with a blue color. HF is detected by the 
etching of a glass plate. Chlorides are detected in the diluted 
acid by giving a white precipitate with AgNOj. Ammonia is 
detected by diluting 2 gm. of acid with 30 cc. water, adding 4 
gm. KOH, and 15 drops Nessler reagent. A yellow or brown 
color indicates NHa. Oxygen compounds of nitrogen are revealed 
by pouring a strong solution of ferrous sulfate on the acid in a 
tube, when a red or brown color is produced.* Brucine* gives a 
r^ color with nitric acid (not with nitrogen oxides) if excess of 
HsS 04 is present. Nitrous acid may be detected by m-phenyl- 
enediamine, or sulfanilic acid and a-naphthylamine in the 
qsual way. Arsenic* is shown by the well known Reinsch, Marsh 
1. F. P. 435763, Cic. ind. de proc. R. Pictet; abst. J. S. C. I. 1912, 


SL 412. 

2. Zts. anal. Chem. 1889, 28, 699; J. anal. Chem. 1888, 1, 312; abst. 
Chem. News. 1888, 58, 178; Jahr. Chem. 1888, 41, 2548. . 

<3 Pharm. J. Trans. (3). 18, 250; abst. Jahr. Chem. 1887, 40, 21^5. 

4' G. Lunge, Zts. ang. Chem. 1894, 7, 345. See also J. Tillmans airf 
W. Sntthoir. Zts. anal. Chem. 1911, 50, 473. D. de Jong, Pharm. Weekblad. 
1613, 50, 992;jbst. Chem. Zentr. 1913, 84, II, 1824. W. Withers and B. 

6. G. Lunge and A. Levoff, Zts. ang. Chem. 18^,7, 347; abst..J. C- S. 
1894, 60, ii, 398; J. S. C. I. 1896, 14, 67; Ber. 1894, 27, 606-R: Jahr, Chem. 
1J3Q4 #7 2446 

6. ’f. Sdmi, Gaiz. Chim. Ital. 1880, 10, 40; abst. Jahr. Chem. 1880, 
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or Gutzeit tests, applied as elsewhere described herein. 

Selenium is often present in sulfuric acid, being contained in 
sonte varieties of pyrites, ft imparts a red color to a solution of 
FeS 04 , SO-2,' NajSjOi, - or acetylene. A green color is given by 
codeine salts,® while aspidosiH'rniinc^ on heating gives a violet 
color.® Selenium interferes with the detection of arsenic by the 
Marsh test,' no .VsHj being given off until all Se has been pre¬ 
cipitated. 

On the pemuuiganate method, see also N. Busvold,’ F. 
Raschig,* G. Lunge and E. Bcrl,’ L. Winkler,"* E. Rupp," and B. 
33, 257 1!. ScvIkI and H. Wikandcr, Clnm. ZIr. 1002. 2C, Bt). Arsenic 

CommitU'c. Soc. Cliciii. Ind.; J. S. C. I. UK)2, 21, 04. \V. Kirkhy, I’harm. J. 
1901. 68, 80; abst. J. S. C. I. 1001, 20, 281. C. Tyrcr, Clicm. .and Drug, 

1901, 58, .•180; abst, J. S. C. 1. 1001, 20, 281. li. Dowzard, J. S. C. I. IIMK). 

19, 114,5. O. Hchner, J. S. C. I. 1001, 20, 104. K. llird. J, S. C. I. 1901. 

20, :190. !•'. Ricliardson, J. S. C. I. 1002, 21, 902. A. Gotthelf, J. S. C. I. 

100,0 22,191. K. Mcssel, J. S. C. I. llKll, 20, 102. T. Thorpe, JT C. S. 1903, 
83, 974; abst, j. S. C, I. 100.3, 22, 0(55. G. Kertrand, Bull. Soc. Chim, (3), 
1002, 27, 851; abst. Chem. News, 1902, 86, 101. C. Parsons and M. Stewart. 
J. A. C. S. 1002, 24, 1005. A. Allen, J. S C. I. UKll, 20, 281. Manchc.ster 
Brewer’s .-\ssn.. J. S. C. I. 1001, 20, t’>46. 

1. N. Drlow', Cheni. Ztg. 1001, 25, fiti; abst. Chem. Centr. 1901, 72, 
I, 480; Jalu. Chem. 1001. 54, 244. 

2. J, Meyer and J. Jannek, Zts. anal. Chem. 1013, 52, 534; abst. C. A. 
1014, 8, 887; J. C. S. 1013, 104, ii, 788; J. S. C. I. 1013, 32, 825. 

3. It. Scinnidt, Arch. Pharni. 1014 , 252, 161; abst. J. S. C. I. 1914, 
33, 748; J. C. S. 1014, 106, ii, 672; C. A. 1014, 8, 2000. 

4 A. Jouve, Bull. Soc. Chim 1001, 25, 489; abst. Chem. Centr. 1901, 
72, 1, 13.80. 

5. I,. Piilct, Ann. Chim. Analyt. 1018, 23, 25; abst. J. S. C. I. 1918, 
37, 147-A; C. A. 1018, 12, 1028. 

0 J. M. Meunier, Compt. rend. 1016, 163, 332; abst. J. S. C. 1. 1910, 
35, 1132. L. Dawydowr, I'armazeft, 1805, 1; abst. Chem. Ztg. Rep. 1895, 

19, 70; Chem Centr. 1805, 66, I, 811. O. Rosenheim, Chem. News, 19(U, 
83, 277; abst. Chem Centr. 1001, 72, II, 234. A. Berry, J. S. C. I. 1901, 

20, .322. J. Schindelmeiser, Zts. iilTentl. Chem. 1902. 8, 3001; abst. Chem. 

Centr. 1902, 73, II, 060. See also W. Alexandrow, Zts. anal. Chem.* 1909, 
48, 31; abst. J. ,S, C. I. 1909, 28, 138. O. Billetcr and B. Wavre, Helvetica 
Chim. Acta, 1018, 1, 174; abst. J. S. C. I. 1018, 37, ,503 A. W. Firman and 
A. Cocksedge, It. P. .52, lOfKt. G. Jamieson, Amer. J. Sci. 1015, 39, 6.30; 
abst. J. S. C. I. 1015. 34, 713. R. Michael, Chem. Ztg. 1910, 34, 1210; 
abst. J. S. C. I. 1910, 29, 374. H. .Steenbergeb, Chem. Weekblad, 1017, 14, 
647; abst. J. S. C. I. 1017, 36, 2866, J. Tillmans, Zts. anal. Chem. 1917, 
56, 500; abst J. S. C 1. 1018, 37, I63 A; C. A. 1918, 12, 1865. Anon., Chem. 
Ztg. 1917, 41, 132; abst. C. A. 1017, 11, 2867. , 

7. Chem. Ztg. 1015, 39, 214; abst. C. A. 1015, 9, 1725; J. S. C. I. 191.5, 
34,489. 

8. Zts. ang. Chem. 1905, 18, 1286. Her. 1905, 38, 3911. Sec also J, 

Rosenheimer and F. Heim, Ber. 1005. 38, 3834. ^ 

, 9. Zts. ang. Chem. 1906, 19, 809; abst. Chem. Centr. 1906, 77, II. 
366; J. S. C. I. 1006, 2$, 5.33. 

10. Chem. Zentr. 1915, 86, 1. ,503. 

11. Zts. anal. Chem. 1906, 45, 687; abst. Chem. Centr. 1906, 77, II, 
1660; J. S. C. 1.9906, 25, 1070. 
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S. Davisson.‘ Lunge’s ’method, carried out as above, is per¬ 
fectly satisfactory, and the complicated modifications proposed 
are quite unnecessary, if. Corvazier’s method,^ by the elect*ical 
conductivity, is no improvement on the old method. 

'iTie estimation of arsenic, iron and mercury in sulfuric acid 
is described by H. Nisjenson.’ Selenium may be estimated by 
the methods described by J. Meyer and W. von Gam,* in which 
the color of iodine liberated from excess of KI is matched with 
standards: ScOj -f 4HI = 212 + 2 H 2 O -f- Se. 

Lunge estimates arsenic by diluting a measured volume of 
acid, reducing with SO 2 , and titrating in NaHCOs solution with 
iodine. A more exact process is to oxidize precipitated AsjSa to 
As20j, precipitate AgsAsO^, and determine the Ag volumetrically, 
but the simpler process is usually sufficiently accurate.* 

Hydrbchloric acid is estimated by boiling 10 cc. of the acid 
in a flask, and conducting the vapors over the surface of a little 
water in a second flask. This absorbs HCl, which is estimated 
by titration with AgNOj. 

Hydrofluoric acid is estimated by R. lihrenfeld* by precip¬ 
itating the barium salts, and treating with a measured volume of 
calcium dichromate, in exce.ss, in HCl solution. BaF 2 is con¬ 
verted into chromate, while BaSOi is unchanged. The excess of 
diclmomatc is titrated back. A simpler method is to allow a 
bundle of previously weighed glass rods to stand in the acid in a 
lead beaker for .some time. The loss of weight of the rods is com¬ 
pared with that in pure acid with known amounts of HF added. 

Impurities in Commercial Sulfuric Acid. Commercial sul¬ 
furic'acid prepared by the chamber process contains a number of 
impurities, derived from the pyrites, niter, water, and lead of the 
(Chambers, the lining of the Glover tower, etc. In most cases the 

). J. A. C. S. 1916, 3*, 16SJ; abst. C. A. 1916, U, 2448; Chem. Zentr. 
1916, »7, II, 1072. 

2. Mon. Sci. 1912, 76, 322; abst. C. A. 1913, 7, 1338; J. C. S. 1912, 
102, ii. 1092. 

«. Chem, Ztg. 1914, 36, 1097; Pharm. J. Nov. 14, 1914; abst. J. S. C. I. 
1914, 33, 1086. 

4. Zts. anal. Chem. 1914, S3, 29; abst. J. C. S. 1914, 106, ii, 67; Chem. 
Zentr. 1914, 85, J, 18,'). 

.5. J, Pertgrin, Ann. Chim. .Analyt. 1917, 22, 24; abst. J. S. C. I. 1917, 
36, 325. R. Tarbcll, J. Ind. Eng. Cljeni, 1914, 6, 400; abst. J. S. C. I. 1914, 
33, 590. 

6. Chem. Ztg. 1905,29,440; abst. J. C. S. 1905,88, ii, 417; Jahr. Chem. 
1905-1908, I, 1447. 
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acid is concentrated and used without purification, althouKh for 
the purposes of making food, chemicals, etc., a pure acid is re¬ 
quired. Although contact acid might b* expected to be pure, 
since tiie burner gas is purified, this is not necessarily the case, 
since the sulfur trioxide is often condensed in chamber acid, with 
its impurities. 

The impurities of chamber acid which may be present are; 
arsenous acid, arsenic acid, antimony oxide, selenium (usually as 
SeOj), salts of lead, iron, zinc, copjx'r, mercury, calcium, al¬ 
uminium, and alkalis; sulfur dioxide, nitric acid, nitrous acid 
(as nitrosylsulfuric acid), nitric oxide (in presence of TeSO)), 
hydrofluoric acid and fluorides, and organic matter. 

Most of these substances (x'cur in too small quantities to be 
detrimental, and also do not usually interfere with the common 
uses of the acid. Thus lead is almost entirely precipitated as 
Pb,S ()4 on diluting the acid, and iron separates as ferric sulfate 
during the concentration. Aluminium sulfate may also be de¬ 
posited as Ab(,S 04 )s.H 2 S(l 4 . 1 -lIl 20 .‘ Some of the impurities, how¬ 
ever, may lead to trouble. Minute amounts of mercury decrea.se 
the suitability for pickling brass objects;- iron and platinum (from 
concentrating stills) make acid unsuitable for accumulators; 
selenium, petroleum refining,’ and the parting of gold and silver.^ 
Arsenic is nearly always present, and most objectionable. Sul¬ 
furic acid is largely used in the manufacture of glucose from 
starch, and poisoning epidemics have been caused by the use of 
arsenical acid.’ 

Slight amounts of suspended matter in the acid, usually lead 
sulfate and charred organic matter, arc not objectionable, and are 
difficult to remove. They are best permitted to subside by allow¬ 
ing the acid to flow slowly through lead tanks. The acid is also 
usually colored brown from a trace of organic matter. 

Estimation of Acidity in Flue and Exit Gases. The estima¬ 
tion of vSOs and SO 3 in flue gases has been described by R. Nestcll 

1. A. HofTmaiin, Mctall it. Erz, 191.''>, 12, 2'.)0, 210; alwt, Chora. Ztft. 
Rep. 191.'), 39, 443; J. S. C. I. 191(1, 35, 3.W. 

2. B. Deiitecora, Chora. Ztg. 1892, 16, ,^>74. 

3. F. Schultz, Chora. Ztg. 1911, 35, 1109. For the roraoval of tiolcnium, 
sec H. Koch. O. R. P. 1674.')»; abst. Wag. Jahr. 1!X)6, 52, 1, .527,1 

4. K. Sorel, "Fabrication do la acidc sulfurique," 414. T. Drinkwatcr, 
Analyst! 1883. 8, 63; abst. Bor. 1883. 16, 13,59; 1884, 17, 5-R. 

.5. A. Colombano, Giom. farm, chim 1913, 62, 57; abst. C. A. 1913, 
7, 3395; Chem. Zentr. 1913, 84,1, 1219. 
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and E. Anderson,' M. Bodenstein and W. Pohl,’ J. Kastle and J. ' 
MacHargue,’ and H. Rabe.* The acidity of exit gases has been 
measured by H. J. Watson.® J. Peregrin* describes a s^f-regis- 
tering apparatus for determining the oxygen in chamber exit gases. 

De-arsenication of Sulfuric Acid. Arsenic is not a normal 
constituent, in more than traces, of genuine brimstone acid, or 
that made from most kinds of blende. Acid made from pyrites, 
however, is practically always arsenical, although in different 
degrees.^ The highest proportion of arsenic occurs in the Glover 
acid, mainly as arscnious acid; Gay-Lussac acid contains a larger 
proportion as arsenic acid, due to the oxidizing action of the 
nitrogen oxides. 

Percentaoes of Arsenic Compounds in Sulfuric Acid (Hjblt) 

(Acids prepared from Spanish Pyrites containing 0.91% As) 


Chamber acid. 0.202 As of which 0.040 exists as AsjO, 

Glover acid. 0.3.31 As of which 0.041 exists as AsjOj 

Gay-I.ussac acid. 0.341 As of which 0.132 exists as AsgO, 

Acid of last chamber. 0.019 As. 


A large proportion of the arsenic may be condensed from the 
burner gases in good dust chambers before entering the Glover 
tower; the rest is mostly collected as mud in the Glover tower by 
its scrubbing action on the burner gas. 

De-arsenicated acid is necessary in the preparation of foods, 
in cleaning sheets of iron for tinning,* the preparation of pharm¬ 
aceuticals and of certain dyes, in the Deacon chlorine process, and 
in making white ammonium sulfate. 

Attempts have been made to remove the arsenic from the 

1. J. Ind. Eng. Chem. 1910, >, 2f58: abst. J. S. C. I. 1916, 35, 474; 
C. A. 1916, U, 1017. 

2. Zts. Klektrochcm. 1905, U, 378; abst. J. C. S. 1905, 8S, u, 581; 
J S C I 1905 24 , 729 

‘ 3.' Amcr.’ Chem. j. 1907, 38, 465; abst. C. A. 1907,1, 2988; J. C. S. 
1907, 88 , ii, 861. 

4. Chem. Ztg. 1901, 25, 345; abst. Chem. Centr. 1901, 72, 1, 1175. 

6. J. S. C. I. 1903, 22, 1279; abst. Chem. Centr. 1904, 75, I, 764; 
Zts. ang. Chem. 1904, 17, 687. 

6. Ann. Chim. Analyt. 1916, 21, 223; abst. J. S. C. I. 1916, 35, 1216; 
C. A. 1917, 11, 387. 

7. K. Stahl, Zts. ang. Chem. 1893, 8 , 54. Brauning, Preuss. Zts. Berg. 
Hiitten u. Salincnwesen, 1877, 142. E. Hjelt, Dingl. Poly. 1877, 228, 174. 
See also VS. C. I. 1901, 20, 188. G. Davis. Chem. News, 1878, 37, 156. 
J. S. C. I. 1883, 2, 157. E. Filhol and Lacassin, Union Fbarm. 3, 114; abst. 
Wag. Jahr. 1862, 8 , 212; Rep. Chim. Appl. 1862,4, 222. 

8. Gossage, Hofmann’s Report by the Juries, for the Exhibition of 
1862, 12. F. Falding, J. S. C. I. 1906, 25, 403. 
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*- burner gas before entry to the chanil>er‘ where it is mostly removed 
from the acid. The purified acid’ is sufficiently arsenic-free for 
all practical purposes. If pyrites containing a large amount of ar¬ 
senic are used, the entire plant becomes contaminated with arsenic.* 
The Graflich von Landsberg-Velcn und Gemen.sche Chemische 
Fabrik* oxidizes the AsjOa in the gases to non-volatile AsjO», 
which is removed by washing with acid before entering tlie 
chambers. Dust is removed from the gas by filters. 

The following methods ha\ e been used for dc-arseiiication of 
sulfuric acid: distillation; ciystallization of the acid by cooling; 
conversion of AsjOa into AsClj and volatilizing or dissolving out 
the latter; formation of a soap by shaking with colza oil and pre¬ 
cipitation of AsjSs. The latter method is more commonly used. 

The distillation of the acid'' will completely remove only 
AsjOs, AsiOj passing over with the acid. As^Oj may be oxidized 
to ASiOs with a little IlNO.i, and distillation then gi\'es an acid 
As-free. MnOj or a little KMnOi (cx<-css is explosive) may be 
used.® F. Maxwell Lyte’ treats the acid with oxalic 

acid to destroy nitrogen compounds, heats to 110°, and after 
cooling to 100° adds powdered KaCr-^O; in slight excess, a pure 
acid being obtained by distillation. These processes are too ex¬ 
pensive to be used on a large scale. 

M. Morance® cools the Glover acid to —.S° to -(-2° for 24 

1. F. Girod, E. P. 171.57, 1911; .ibst. C. A. 1913, 7, 103: J. .S. C, I. 

1912, M, 687; Chem. Ztg, Rep. 1912, 36, 570. 1. I.ilime, 11. .S. 1>. 1103.522. 

1914, Can. P. 170011, 1917; abst, C. A. 1914, 8, 3102; 7A%. ang. Chem. 
1916, 29, 1, 116; Chem. Ztg. Rep. 191.5, 39, 114; Mon. Sci. 1914, 81, 178. 

2. Btoxam, Pharm. J. (2), 3, 006. See also Towers, J. S. C. I. 1904, 
23, 221. 

3. W. Hardwick, J. .S. C, 1. lOIM, 23, 218. See also H. Bomtrager, 
D. R. P. 15757; abst. Wag. Jahr, 1881, 27, 162. 

4. D. R. P. 252273; abst. C. A. 1913, 7, 5.38; Zts. ang. Chem. 1912, 

25, 2608; Chem. Zentr. 1912, 83, II. 15.87; Chem. Ztg. Rep. 1912, 38, 620; 
Wag. Jahr. 1912, 58, II, 71. 1). R. P. 2.5(i2.!4; abst. C. A. 1913, 7, 1944; 

Chem. Zentr. 1913, 84, 1. 868; Chem. Ztg. Rep. 1913, 37, 108. D. R. P. 
2562.37, 1910; abst. C. A. 1913, 7, 19.59; Zts ang. Chem. 191:1, 26, 18.5; Chem. 
Zentr. 1913, 84, I, 7.50; Wag. Jahr. 1913, 59, I, 375; F. P. 432874. Aust. P. 
60964. Belg. P. 237786, 1911. 

5. M. Bussy and H. Buignet, J. Pharm. Chim. 1863, 44, 177; Ann.* 
1864, 130, 249; abst. Wag. Jahr. 1862, 10, 159; Chem. News, 1864, 9, 73; 
J. prakt. Chem. 1864, 92, 444; Poly. Centr. 1884, 30, 7.52. 

6. N. Blondlot, Compt. rend. 1864, 58, 70; abst. Jahr. Chem. 1804, 

17, 144; Chem, News, 1864, 9, 225. i 

7. Chem. News, 1884, 9, 172; abst. Jahr. Chem. 1864, 17, 145; Chem. 
Centr. 18h4, 35, 088. 

a Compt. rend. 1909, 148, 842; abst. C. A. 1909, 3, 1914; J. S. C. 1. 
1909, 28, 520. 
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hours, removes the crystals of monohydrate, and separates the 
mother liquor centrifugally. The melted crystals are not arsenic- 
free, but contain much 4ess than the original acid. ^ 

Shaking the acid with 4 or o cc. of colza oil per liter, allowing 
to stand 12 hours, pouring into water, and separating the sticky 
mud from the purified acid, has been described' as a method of 
de-arsehication. 

The two processes exclusively used arc the removal as AsClj, 
and, more commonly, the precipitation as AsaSj.* 

Separation of Arsenic as Trichloride. AsClj boils at 125“, 
and can therefore easily be .separated from sulfuric acid by heat¬ 
ing. If the AhiOi in the acid can be converted into AsCb, its 
separation by this method will be possible. AsjOj in presence of 
cone. H 2 SO 4 is easily converted into AsClj by treatment with 
HCl or chlorides, such as common salt, but the reaction is revers¬ 
ible, and in presence of water, or when the acid is diluted, the 
AsCh is decomposed again: AsiOa -f (illCl ** 2AsCl3 -f llHjO. 
The acid may be heated with common salt," or barium chloride 
or a current of HCl gas may be passed into the boiling acid.'’ 
The acid may also be. heated with 1% NaCl and '/ 4 % charcoal 
dust to reduce AsjOj, which docs not form AsCb.' If a current 
of HCl is used, heating to 130°-14()° is sufficient, while with 
NaCl the temperature must be raised to 180°-190°.’ The acid 
may be diluted with half its volume of water and distilled with 
PbCU, when AsCh passes off ;* chloroform can be added, but this 
may cause explosions." The acid is carefully decanted from the 

1. See also M. Ktigcl, Rlektrotechn. Zts. 1892, 13, 20; abst. Chem. 
Zfg. Rep. 1892,16, Itili. 

2. P. Parrish, J. Gas Ughtiiig, 1910, 134, 134; abst. J. S. C. I. 1916, 
35, 535. 

3. J. I.,0wc. Jahr. physik. Vcrcin Frankfurt a/M. 18.52-1853; abst. 
Dingl. Poly. 1854, 132, 205. 

4. N. Gragcr, Poly. NotizbI. 1860, IS, 79; abst. Dingl. Poly. 1800, 155, 
2.30; Poly. Centr. 1860. 26, 412; Wag. Jahr. 1860, 6, 174. 

5. A. Buchner, Buchner's Rep. 1864, 13, 23; abst. Client. Centr. 1864, 
35, 600; Bayer. Kunst. u. Gewerbcbl. 18W, 480; Poly. NotizbI. 1864, 19, 
104; Wag. Jahr. 1864, 10, 161. 

6. H. Schwarz, Breslauer Gewerbcbl. 186.5, No. 7; abst. Dingl. Poly. 
1865, 176, 232; Wag. Jahr. 1865, 11, 232. 

7. W/ Tod, Arch. Phartn. (2), 67, 269; abst. Jahr. Chem. 1856, 9, 292. 

8. F. Selmi, Ber. 1880, 13, 206; abst. Chem. Tech. Rep. 1879, 19, 11, 
2.32; 1880, 19, 1, 348; Jahr. Chem. 1880, 33, 257. 

9. H. Hager, Pharm. Ztg. 1888, 33, 473; abst. Chem. Ztg. Rep. 1888, 
12, 234; Jahr. Chem. 1888, 41, 475. 
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lead sulfate present, and then distilled tat normal pressure. 

In 1905 a number of patents were issued on behalf of the 
United Alkali Co., in England, in which*the chloride method is 
described. In the first patents' As is to be separated as AsClj, 
and the latter treated for commercial use. The acid is subjected 
in a suitably packed tower to the action of dry IlCl gas at a 
temperature of about lOO'’ preferably as it leaves the (Hover 
tower. Liquid hydrochloric acid, or a chloride, may also be used. 

A current of air is passed through the mixture. 

In another patent" AskOo is to be reduced by charcoal. This 
is stated’ to be a slow process, and action soon ceases when Se 
is deposited on the charcoal. This may be overcome by treating 
with HCl and charcoal or sulfur at 100° or below. If there is 
still precipitation of Se, this is removed by washing with IICl, 
with an oxidizing agent such as hypochlorite or chlorate, when 
charcoal, not sulfur, must be u,sed. The AsCb obtained may’ 
be mixed with just sufficient water to precipitate the Se, which is 
filtered off; a larger amount of water is then added to precipitate 
ASiUj. In another process’ sufficient IlCl is added to convert 
the As into chloride, viz., 3 IICl to each AsClj, and 5 HCl to each 
AsCls, with an excess for working losses. Under such conditions 
AsCU is said to escape as a gas, while AsCl.i is removed by blow¬ 
ing air through the acid. (It is very improbable that AsCli, could 
be formed in this way.) Arsenic and selenium are removed" by 
mixing cold sulfuric acid of 140° Tw. to 135° Tw. with a little, 
cold IICl of 30%-32*/o strength, and bringing in contact with 
finely divided sulfur for about 2 hours. AsCU (?) is reduced to * 
AsCls, which is removed by blowing a current of air through the 
liquid. The process may be worked continuously by passing the 

1. E. P. "niti, 10920, 109.10, 109.11, 17880, 17887, 190,O; abst. J. .S. , 
C. r. 1900, 25, -177, ,1.1.'); Cliim. Ztg. Rci). 1900, 30, 290, 470; Mon. ,Sci. 1908, 
69, 108. U. S. P. 848288, 80.1940; abst. J. S. C. 1. 1900. 25, 477. BcIg.P. 
190e.')2. 1900. K. P. 120714; abst. J. S. C. 1. 1919, 38, HOfi-A, 

2. R. P. .Il.ll, 1900; ab.st. C. A. 1907, 1, 1789; Chem. Ztg. Rep. 1907, 

31, ,171; J. .S, C. I. 1900, 25, .118; Mon. Sci. 1910, 73, 29. . 

.1. E. P. 21110, 1900; abst. C. A. 1907, 1, 2.120; J. S. C. I. 1907, 26, 
823 

'' 4. E. P. 301947; abst. C. A. 1907, 1, 212.1; Mon. Sci. 1907, 67, 92. 
Sec V. Gothard, Chem. Ztg. 1892, 16, 103. “ 

,1. E. P. 30190, 1909; abst. C. A, 1911, 5, 2700; J. S. C. I. IfflO, 29, 1370. 

ff. H. Crowther, F. Leach and W. Gidden, E. P. 20.109, 1907; abst. 
t. S. C. I. 1908, 27, 1018; Chem, Ztg. Rep. 1909, 33, 180; Mon. Set. 1912, 
77, 81. 
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mixture of HsS04 and HCl down a tower packed with S, a current of 
air being blown through; SO 2 may be employed instead of S by 
mixing a little with the •air blowing through. The air and, HCl 
passing out is first pa.ssed into cone. HCl to depcsit S and Sc, 
and then into water to decompose AsCU into cone. HCl to pre¬ 
cipitate AsjOj. 

Tlid Verein Chemischer Fabriken, Mannheim^ remove the 
AsCb by washing with hydrocarbons, fatty oils, etc., in which it 
is soluble. Mineral oils are most suitable; brown coal-tar oil may 
be used but easily decomposable aliphatic glycerides are unsuit¬ 
able. The gas is washed in a. tower or other apparatus with a 
fine spray of oil, filtered through coke, and preferably dried before 
being treated with oil. The latter is freed from AsClj for further 
use by washing with water containing lime, which is subsequently 
acidified' with HCl. Tlie acid is treated with HCl to convert 
AS 2 O 3 into AsCl). 

The Chemische Fabrik Griesheim Elektron^ convert the As 
into AsClj or AsFs and remove these by treatment with benzene 
or its derivatives, such as dichlorbenzene, or aliphatic compounds, 
such as carbon tetrachloride. For liquids, CGI4 is most suitable; 
for gases, diclilorbenzene or acetylene tetrachloride is preferred. 
From these solvents the AsCU is eliminated by washing with 
water. It is applicable only to acids stronger than 58° B 6 ., such 
as Glover acid; weaker acid, as chamber acid, may be treated* 
by adding, as well as HCl, a little HI or Ij, and treating with 
SOj, the iodine being regenerated. By means of a small amount 
'of iodine it is stated that up to 80% of the As may be removed 
froip chamber acid. 

Removal of Arsenic as Sulfide. 'The most common method 
^is to eliminate As by precipitation as AsjSa, which is then removed 
by filtration. This has the advantage that it removes, besides 

1. R. P. 16910, 1906; abst. J. S. C. I. 1907, 28, 700. D. R. P. 179513 ; 
abst. Zts. ang. Chem. 1907, 20, 1068; Chem. Zentr. 1907, 70, 1. 1081; Jahr. 
Ch«m. 1905-1908, 1, 1469, 1890; Chem. Ztg. Rep. 1907, 30, 21; Wag. Jahr. 
1907, S3, 1, 382; Mon. Sci. 1909, 71, 65. 

2. E. P. 974, 1907; abst. J. S. C. 1. 1907, 28, 1091. R. P. 3435, 1907; 
abst. J. S. C. 1. 1907, 28, 1238. D. R. P. 194864, 195578; abst. Zts. ang. 
Chem. 1908, 21, 791, 1750; Chem. Zentr. 1908, 79, 1, 909, 1218; Jahr. Chem. 
1905-1908, 1, 1890; Wag. Jahr. 1908, 54, 1, 374, 375; Chem. Ztg. Rep. 1908, 
32, 200; Mon. Sci. 1910, 73, 145. Aust. P. 32449, 34022. Belg. P. 19V391, 
19842.3. K. P.376934. Ital. P. 245/84, 246/85. 

3. E. P. 3435, 1907; abst. J. S. C. I. 1907, 28, 1238. 
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As, several other impurities, such as lead, antimony, selenium, 
sulfur dioxide, nitrous and nitric acids. The precipitation must 
be cyried out in moderately dilute acid? not above 100 ° Tw., or 
at least not stronger than chamber acid. If AsjOi, is present, the 
precipitation is slow, as this compound must first be reduced 
to AS203. 

At first the HjS required for precipitation was generated in 
the acid itself by the addition of HaS,‘ I'eS, Na^S, CaS 
(alkali-waste), NH 4 HvS,' NajSjOs or BavSnOj,^ but none of these 
processes are now in use The present methods always employ 
gaseous H 2 S, generated in a separate apparatus, as first suggested 
by W. Hunt.* 

Three types of apparatus are in use:'’ ( 1 ) The older appa¬ 
ratus, consisting of lead-lined towers,* .') ft. 4 in. by f) ft. (i’/g in. 
section, and 16 ft. 3 in. high, in which an ;escending sfream of 
H 2 S gas meets a descending stream of acid. (2) Closed agitators 
(“Trepex” type), in which the acid is agitated by paddles and 
intimate contact with the gas ensured. (3) Intermittent ap¬ 
paratus in which the gas is brought in contact with the acid under 
pressure. The latest process consists is removing the AS. 2 S 3 by 
flotation, a hydrocarbon oil being added. 

In the design of a de-arsenication plant the following points 
are of importance: 

1 . The general plant lay-out should Ire such as to allow raw 

acids and sludges to flow from one stage of the process to the 
other by gravity. Good ventilation must be provided. • 

2 . The HaS generating plant should be situated away from 
buildings in which heat is used. The type of apparatus used 

1. A. Du Pasquier, Mem. Acad. Sci. 11145, 1, 415; J. prakt. Chem. 
1846, M, 325; J. Pharm. 1840, 9, 415. See Hofmann's Report by the Juries, * 
Exhibition, 1862, 12. 

2. G. Thomson and W. Kemp, U. .S. P. 314.548, 1885; E. P.- 0215, 
1884; abst. J. S. C, I, 1885, 4, 212. 

3. W. Thorn, Dingl. Poly. 1875, 20, 405; abst. Chem. Tech. Rep. 

1875, 14,1, 219. * 

4. E. P. 1919, 1853. Cf. W. Knocke, Dingl. Poly. 1859, 154, 185; 
abst. Wag. Jahr. 1859, 5, 145; Jahr. Chem. 18.50, 12, 714. 

6. H. Cory, Chem. Trade J. 1918, 62, 89; abst. C. A. 1918, 12, 1108; 
J. S. C. I. 1918, 37, 122-A. See also T. Moore, J. S. C. I. 19*, 38, 399-T; 
abst. C. A. 1920, 14, 597, 

6. F. Bode, Dingl. Poly. 1874, 213, 25; abst. Wag. Jahr. 1874, 20, 2.59; 
Jahr. Chem. 1874. 27, 1105. 
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for this purpose wHl he subsequently described in detail. 

3. Storage room for acids should be ample, and spare parts 

kept on hand. * , 

4. Means of chemical control must be provided and the raw 
acids frequently tested. The treated acid is tested by a Marsh 
apparatus, and gauges used to regulate the constancy of flow of 
the HjS gas. 

5. The arsenical residues are treated in a plant situated below 
the filters and .settlers in the de-arsenication plant, the filters 
being of two types. The porous filters consist of slabs of un- 
glazed earthenware, operated by suction. Pebble filters consist 
of several layers of graduated materials such as gravel, quartz 
and sand,'the total depth of the beds being 9 in. Four to six 
layers, varying from */4 in. to 3 in. make up a filler. The finest 
material is placed on the top, and the lowest medium supported 
on flat bricks, V 4 to Vs in. apart, which in turn, are carried on 
bricks well spaced. 

(). The mud should be washed as free as possible from acid. It 
is worked up in shallow lead pans, heated from below, and agitated. 
Wet residues are kept continually moving to avoid hardening and 
sticking to the bottoms. The acid is run off from the pans and 
sent back to the filters while the mud shrinks in bulk, and is 
removed. 

Early types of de-arsenicating apparatus arc described by 
H. Deacon,' D. McKechnie and W. Gentles," J. Mcikle," W. 
Whitehead and G. Gelstharp,^ and J. Riley and J. Barnes." 

* The American method is described by F. Falding.® I.,. 
McCay" conducts the operation at 100° under pressure. I. 
Kupfferschlager* dilutes the acid with its own volume of water, 
, reduces with SO 2 , and treats with HsvS. 

A special apparatus for de-arsenicating sulfuric acid has been 

1. E. P. 1682. 1871. 

2. E. P. 3229, 1877; abst. Chem. Ind. 1878, 1 , 221. 
r 3. E. P. 11866, 1884; abst. J. vS. C. I. 188,'), 6 , ,34.5. 

4. E. P. 18940, 1894; abst. Jahr. Chem. 1895, 4t, 625. 

5. E. P. 25444, 1901; abst. J. S. C. I. 1902, 21, 1533; Chem. Ztg. 1903, 
27, 373. 

6. Mifi. Ind. 8, 583. 

7. Chem. Ztg. 1889, IJ, 725; abst. Chem. Ind. 1889, 12, 371; Jahr. 
Chem. 1889, 42, 2649. 

8. Bull. Soc. Chim. 18»), 44, 353; abst. Jahr. Chem. 1885, 38, 2062; 
Mon. Sci. 1889, 34, 1434. 
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described by R. Bithell and J. A. Beck.'* A process for tnaiiu- 
facturing arsenic-free acid is described by F. Girod.^ 

'fhe porous earthenware filters usAl to separate the pre¬ 
cipitated As.jS 3 are made by Mackenzie & McLauchlan," Middles- 
boro, Fngland, and by ,S. Bomett & Co.,* Cologne. 

A full description of the older tower method, which can be 
used only with weak acids, is given by F. BikIc." The modifica¬ 
tions adopted in American practice are described by F. Falding.* 

Davis’s dc-arsenicator' is now largely used in English fac¬ 
tories, and comprizes a horizontal washer, consisting of several 
iron rings, enameled inside, in which revolves an enameled 
shaft provided with agitating blades dipping into the acid. The 
shaft revolves 40 to (it) times per minute, and the blades dip into 
the acid to one-quarter of their dejith. The apparatus is there¬ 
fore on the well known principle of the Porion evaporator. The 
acid flows in the opposite direction to the gas by means of over¬ 
flows through the single comjiartments, and issues through a 
filter. The excess of FIjS is absorbed by soda or milk of lime. 
These washers purify 200 300 tons of acid a week, leaving only 
1 to I'/j parts of As per million of acid, and occupy a floor space 
of only 7 ft. by 5 ft. 

It is said that acid completely freed from arsenic acts more 
energetically on lead pans. 

Chemically Pure Sulfuric Acid. The preparation of pure 
sulfuric acid is a matter of considerable difficulty." Colorless 
acid, free from As and I'e, is obtained by 1'. Girod" as follows; 
The burner gases are mechanically purified and, while still hot,' 
passed over nitrous vitriol to which a little HNO3 has been added. 

1. H. P. 191.3; abst. J. .S. C. I. 1(H3, 32, 1009. 

2. K. P. 17ir)7, 1911; alist. J. S. C. I. 1912. 31, 087. See also Graflich 
von I.andsl)crg-Velen anil Gcmcnsche Chem. Fabr. Hcrg 8t Hiittenwcrke, • 
G. m. b. H., K. P. 43287.i anil 4;12871, 1911; abst. J. S. C. I. 1912, 31, 127. 

3. Chem. Trade J. l'.K18, 42, 67. 

4. Chem. Ztg. 1909, 33, 119. 

a. P. Bode, Dingl. Poly. 1874, 213, 25; abst. Wag. Jahr. 1874, 20, 259; 
Jahr. Chem. 1874, 27, 1105. , 

0. Min. Ind. 8, 583. 

7. Met. Chem. Kng. 1914, 12, 354. Pk P. Appl. 8776, 1919; abst. 

J. S. C. I. 1919, 38, 273-A. .See also H. Crowthcr, K. P. 20.509, 1907; abst, 
C. A. 1909, 3, 1.330. G. Thomson and W. Kemp, P7 P. 6215, 1884; abst. 

J. S. C. I. 1885, 4, 212. 

8. E. Schiitz, Zts. ang. Chem. 1911, 24, 487; abst. C. A. 1911, 8, 2308; 
Chem. Zentr. 1911, 82, I, 14,55. 

9. Ij. P. 17157, 1911; abst. C. A. 1913, 7, 403; J. S. C. I. 1911, 30 687, 
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This is denitrated in ttie process, and several towers may be used. 
The gases are passed through washing towers fed with weak acid 
in a finely divided condition, and this acid, which becom^ con¬ 
taminated with As, is fed to the last denitrating tower. The 
gases then pass to the chambers. The filter is packed with heat- 
resisting stone-like material, the gases passing in a lateral and 
upward direction. A. Hayes' adds sufficient niter to the 152® 
Tw. acid from the Glover to destroy the greater part of the HCl 
present, and oxidize AsjOa and SOj. The nitrous acid formed is 
destroyed by adding '/ 3 % ammonium sulfate and a little lead 
oxide. It has been found necessary to heat nitrous vitriol some¬ 
what strongly with ammonium sulfate to destroy nitrous acid. 
The mass'is allowed to settle, and the clear liquid cooled in lead 
pans to —18®. The acid H 2 SO 1 .H 2 O crystallizes out, and the 
impure* mother liquor decanted. The crystals are washed with 
pure acid, fused in clean lead vessels, and in this condition is 
nearly pure. 

The only method of making pure acid is by fractional distilla¬ 
tion, which is a troublesome process. The operation is usually 
carried out in large glass retorts placed over an open fire, the neck 
of the retort passing into a receiver. vShould bumping occur, it 
may be reduced by adding bits of scrap platinum, quartz, or hard 
coke. A slow current of air may also be passed through the acid. 

If 1 cwt. of acid is used, 5 to 6 hours heating are required 
before the acid begins to boil; after 12 hours one-twentieth has 
distilled off. The receiver is then changed, and after 36 hours, 

' 90% has come over, at which point distillation is stopped. 

c The pure acid is now usually made by concentrating the weak 
acid distilling over in the concentration process, in glass or plat- 
^ inum stills.* G. dc Briailles’ details the oxidation of liquid SOj 
by electrolytic oxygen. I. Ceruti* describes the manufacture of 
accumulator acid as follows; 'fhe purest chamber acid (55%- 


1. 801. Am. J. Sci. tm (2), 6, 113; abst. Jahr. Chem. 1847-1848, 1, 

371; Dingl. Poly. 1848, UO, 104; Chem. Centr. 1848, 19, 796. See also R. 
'Tiaden-Medderman, Zts. anal. Chem. 1882, ZL 218; abst. Wax. Jahr. 1882 
a, 280; J.S.C. I. 1882,1,320. . 

2. E. SchflU, Zts. ang. Chem. 1911, 24, 487; abst. Chem. Zentr. 1911. 
92,1. 1455. , 

3. E. P. 22434, 1908; abst. J. S. C. I. 1909, a, 1199. 

4. Ind. Chim. U, 305; abst. C. A. 1911, 5, 1167. See also Mitt. Ub. 
Schwdz. Alkoholverwaltung; abst. Chem. Ztg. 1917, 41, 132; J. S. C. I. 
1917, a, 545. 
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60% HJSO 4 ) is diluted to 40° Bd. with distilled water, and a 
strong current of air, previously washed with NaOH and H 2 S 04 
and h|ated to 100°, passed through tilt acid. A fresh clear 
saturated solution of BaS ( 2 %- 3 % by vol.) is added. After 
standing 2 days the acid is decanted and concentrated in silica 
or lead vessels to 60° B^. 

Purification from Nitrogen Oxides. In purifying sulfuric acid 
from As by means of HaS the nitrogen oxides are at the same 
time removed. If As is not eliminated, it is not customary to 
remove the small quantities of nitrogen oxides present, unless the 
acid is to be concentrated in platinum, which is attacked by such 
acid. Treatment of the acid with SOj in pans has been proposed. 
The Glover tower acid may be completely denitrated, but the iron 
present in it makes it unsuitable for concentration in platinum. 
A small preliminary chamber, in which the acid is exposed to 
fresh burner gas, has also been used. Treatment of the acid 
with flowers of sulfur, below the melting point, in stoneware 
boxes placed in the concentrating pans, is a poor method. I.,6we 
heats with oxalic acid, Wackenroder with sugar, W. Skey with 
charcoal,' and Olivier- with alcohol. 

The best method is that proposed by J. Pelouze.’ In this 
the acid is heated with ammonium sulfate, when every trace of 
nitrogen oxides and acids are removed: 

N 2 O .1 -f- 2 NH,, = lIHjO + 2 N 2 
2IISN06 + 2N1I, = 2 H 2 SO 4 + 2 H 2 O -h 2 N 2 
:IN02 + 4 NH 2 = eiljO + 7N 
:IHN03 + 5NH;, = 9 H 2 O + 4 N 2 

This method is now the only one used. 0.1 to 0.5 11). am¬ 
monium sulfate is sufficient for 100 lbs. of acid. G. I.unge and 
W. Albenius'* find that N 2 O .1 is readily destroyed by boiling with 
ammonium sulfate in the proportion of 1 NHj to 1 acid N; even 
with acid of 140° Tw. this takes place in 5 minutes. But HNO 3 
is much more stable; it requires half an hour’s boiling with its 
equivalent of ammonium sulfate, even with the strongest aciS. 

1. Chem. News, 18(36, 14, 217. 

2. Rapports du Jury intcniational, 1807, 7, .35. 

3. Compt. rend. 1841, 12, 599; Ann. Chim. Phys. 1841, 47; Ann. 

1841, M, 312; J. prakt, Chem. 1841, 21, 499; Ann. Electr. 1841, 7, 145. 

4. Zts. ang. Chem. 1894, 7, (509; abst. J. S. C, I, 1895, M, 35; Her. 
1895, 28, 11-R; Chem, Centr. 1894, 65, II, !X)2; Jahr. Chem. 1894, 47, 408. 
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In the case of 140° T}v. acid, several hours' boiling with a large 
excess of ammonium sulfate are required. C. Kaesmacher' passes 
the acid down a tower against a current of hot air. Dilution and 
boiling are described by A. Gregoire.* 

Decolorizing Sulfuric Acid. Commercial sulfuric acid is often 
colored brown if it is not stronger than 80%, and acid of about 
140° Tw. is usually called "brown oil of vitriol” (B. 0. V.) in 
Kngland. This color may be destroyed during concentration, 
and also by de-arsenication with H 2 S. A red color may be formed 
from acid of 140° Tw. containing NjOj by contact with iron.’ 
This is due to NO, formed by reduction, acting on the FeSOi 
formed from the iron. It is de.stroyed by oxidizing agents. The 
oleum made by the contact process is colored dark by organic 
matter, which may be removed* by adding Pb 02 or Ba 02 in the 
cold, and filtering through sand. A slight yellow color remains 
with oleum, but C. 0. V. becomes water white by this treat¬ 
ment. 

Special Methods of Purification. The separation of lead, 
iron, and arsenic by electrolysis has been proposed. P. Askenasy’ 
subjects the acid to prolonged electrolysis and allows the products 
to react with the acid. Ozone destroys organic substances and 
converts HCl into CI 2 ; finely divided sulfur reduces nitrogen 
oxides; H 2 S acts in the same way, and also precipitates metals. 
The electrolysis is carried out at ordinary or slightly elevated 
temperatures, in ve.ssels without diaphragms, using lead elec¬ 
trodes. The liquid is agitated after the current has acted quietly 
for some time, the current density being 1-2 amps, per sq. dcm., 
and the voltage 0. After a few hours the acid is colorless, and 
may be heated, if necessary, to agglomerate the precipitates. 

Hydrofluoric acid may be removed by diluting the acid with 

1. E. P. 2382,1!M)8; abst. J. .S. C. I. 1908, 27, 1019. 

2. Bull. Soc. Chim. Bdg. 1914, M, 32; abst. C. A. 191.5, 9, 184. Cf. 
also I. Hcchciiblcikncr. Can. P. 191311, 1919; abst. C. A. 1919, 13, 1905. 
Kxptl. Reports No. 74, 90. H. M. Factory Gretna. 

< 3. R. Niirrenlierg. Chem. Ind. 1890, 13, 303; al)st. J. S. C. 1. 1890, 9, 
818; Chem. Tech. Rep. 1890, 29, 1, 230. 

4. M. Liebig, D. R. P. 104722; abst. Zts. ang. Chem. 1908, 19, 340; 
Chem. Centr. liM)5, 76, II, 1473; Jahr. Chem. 1905-1908, 1, 1019; Chem. Ztg. 
1905, 29, 12?2; Wag. Jahr. UH)5, 51, 1, 401; Chem. Zts. 1906, 5, 77. 

5. D. R. P. 80977; abst. Zts. ang. Chem. 1896, 9, 326; Jahr. Chem. 
1897, 50, 514; Chem. Ztg. 1896, 20, 50;); Wag. Jahr. 1890, 42, 331; Ber. 29, 
509. 
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twice its volume of water, and heating for fifteen hours, replacing 
the water as it evaporates. 

ffelenium frequently occurs in pyrite!*and commercial sulfuric 
acid,' and may cause temporary or pennanent discoloration. 
Free Se exists usually in sulfuric acid as a red colloidal material; 
otherwise the element occurs in the fonn of SeOj. Selenic acid, 
H 2 Se 04 , is not a nonnal constituent of chamber acid, since it is 
only formed by the action of powerful oxidizing agents on Se or 
SeOj. The seleniferous pyrites give Set >2 on burning, but this is 
partially or wholly reduced to Se by the SO 2 . The Se is found in 
the Glover tower as a red sludge, and partly dissolved in the acid, 
to which it imparts a red color. Sc ()2 is also present, usually in 
greater amount. The red Glover acid is decolorized in the Gay- 
Lussac tower, since the nitrogen oxides convert Se into Sc() 2 . 
About 20% of the Se in the bunier gases is stopped by the Glover 
tower, the rest passing to the chambers; in the leading chamber as 
Se, and in later chambers partly as Se 02 . The back chambers 
usually contain only SeG 2 . 

On concentration, the Se 02 may be reduced by adding char¬ 
coal, but then usually redis.solves, forming a green solution of 
SSeOii. Wlien the concentration exceeds 9(i..'j this again dis¬ 
appears, Se 02 being formed. The »Se may be obtained from the 
sludge of the Glover tower in the following way. The sludge is 
agitated with cone. H 2 S 04 and NaNCL corresponding with the Se. 
Water is gradually added, then steam passed in until the density 
is reduced to 1 . 20 , and the nitrogen oxides eliminated by a cur¬ 
rent of air. 'I'o the filtrate and washings a little HCl is added, 
and the Se precipitated by SO 2 . It forms a red jelly, which, when 
washed with water and dried at 10.')°, contains 99% of Sc. I'liis 
may be estimated in the raw material by digesting on the water 
bath with cone. UNO:,, diluting, removing nitrogen oxides by a » 
current of air and titrating with KMnOi, which converts SeCh 
into SeO.i. 

The red color due to Sc in the acid may be removed by addipg 
HNO 3 , or KMn 04 .'' 

Miscellaneous processes for purification of sulfuric acid, or 

1. G. Davis, J. S. C. I. ISSi, 2, 1.57. G. Lunge, Chem.-Jnd. 1883, 8, 
128. .See also S. Littmaim, Zts. ang. Chem. llKXi, 19, 1039, 1081; abst. J. S. 
C. 1. ISKXi, 25, 693. L. Deutsch, Zts. ang. Chem. 1900, 19, 1.329. 

2. G, Lc Roy, Mon. Sci. 1901, 57, 406; abst. Jahr. Chem. 1901, 54, 
243. K. Schulz, t^hem. Ztg. 1911, 15, 1129; abst. C. A. 1912, 6, 802. 
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preparation of pure aci4> have been described by F. Teed,* B. 
Dirks,' 0. Martin and F. Jaeger,' W. Windus,' W. Hasenbach,* 
H. Kuehne,' C. Opl and the Erste Oesterr. Fabr.,’ the Consortium 
f. Elektrochem. Ind.,' E. Wenmaekers,* and others.*® 

General Methods of Concentration. The sulfuric add ob¬ 
tained from the chambers, of 106“ to 124“ Tw., is suffidently 
strong to* be used for many purposes without further concentra¬ 
tion. Thus, it may be employed for the preparation of super- 
phc»phates and alum, and even for saitcake, though stronger add 
is now always used for the latter. The add from the Glover tower 
is of 144“ to 152“ Tw., and serves for the majority of purposes 
for which sulfuric add is used. In some applications of the add 
as in the refining of petroleum, however, as strong an acid as 
possible is required, and the Glover tower add has then to be 
concentrated in special apparatus. 

A preliminary concentration of chamber acid in lead pans 
was formerly extensively employed, but since the introduction of 
the Glover tower this process is no longer necessary. The vapor 
emitted by boiling weak add is practically free from addity, so 
there is no loss in this stage of the process. Add up to 144° Tw., 
or even 152“ Tw. acts very little upon lead, while stronger add 
may be concentrated in iron. 

At first, the add was concentrated by boiling in small glass 
retorts. Platinum stills were introduced into English works about 
1850, and were for a long time used for the later stages of concen- 

1. E. P. 17612, 1887; abst. J. S. C. I. 1888, 7, 846. 

• 2. D. R. P. 295906, 1915; abst. J. S. C. I. 1917, 3«, 646; Chem. Zentr. 

1917, SS, I. 293; Chem. Ztg. Rep. 1917, 41, 62; Ann. Rep. Soc. Chem. Ind. 
1917,4,181. 

3. U. S. P. 1148622; abst. C. A. 1915, 9, 2488. 

4. E. P. 367, 1882; abst. Wag. Jahr. 1883, 29, 265. 

6. U. S. P. 836034; abst. C. A. 1907, 1, 476; Mon. Sd. 1907, 87, 113. 

' 6. D.R.P.203541;abst.Zts.ang. Chem. 1909, 22, 267; Chem. Zentr. 

1908, 79,11, 1654; Jahr. Chem. 1905-1908, I, 1609; Wag. Jahr. 1908, 54, I, 
373. Attst. P. 40422, 1909. 

7. Aust. P. 36098, 36099,1908. 

8. Aust. P. 19708, 1904. 

Aust. P. 13366, 1903. Belg. P. 156569, 1901. 

10. Badische Anilin u. Sodafabrik, D. R. P. 1^247. Aust. P. 11301, 
1902. See also Aust. P. 1093. Zts. Elektrochem. 1900, 283. Chem. News, 
1906, n, 78. Chem. Pabrik Griesheim-Elektron., Aust. P. 32449, 1907. 
D. R. P. 179613. U. S. P. 863034. Aust. P. 34022, 1907. Graflich von 
Londsberg-Velen und Gemensche Chem. Fabr., Aust. P. 60964, 1913. •.W. 
Menzles, E. P. 3230, 1883; abst. J. S. C. I. 1884, S, 172; D. R. P. 28768; 
abst. Wag. Jahr. 1884, SO, 299. United AlkaU Co., Aust. P. 28436,1907. 
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tration. These were repaired by soldering with gold. Iron pans 
were used for strong acid by Hartmann,* who remarks that “iron 
vess^s are not available for evaporatinf the acid in the state in 
which it is drawn from the leaden evaporating vessels, as the acid 
in this state acts upon iron energetically,” but could be used for 
stronger acid. J. Gridley obtained provisional specifications* for 
this invention. He states that “sulfuric acid of 66° B6. at 60° 
F. has little or no action on cast iron, and my invention consists 
first of the process of introducing a small stream of the dilute 
acid from the evaporating pans, say of 60° Bd., into a large quan¬ 
tity (say a ton or more) of acid of the strength of 66° Bd. con¬ 
tained in a concentrating pan or retort charged originally with acid 
of 66° Bd., and kept thereafter at the boiling pxjint. The feed of 
dilute acid is to be so regulated as not to reduce the acid in the 
concentrating pan or retort below 65° Bd. at the surface or acid 
line, at which point, and four inches below the surface, the pan 
at the sides is protected from the action of the acid. The fact 
that cast iron resists the action of concentrated acid had, however, 
been known for many years previously, since pans of the material 
were used for parting gold and silver by boiling the granulated 
alloy wdth sulfuric acid of sp. gr. 1.848. 

Improvements in concentrating apparatus have proceeded 
along the following lines :* (1) The use of cascades of pans, down 
which acid flows, the pans and acid being heated by hot air sweep¬ 
ing below them and also over the surface of the acid. (2) The 
Gaillard tower, in which a spray of acid is sent down an empty 
tower of volvic lava or acid-resisting material, up which hot gases' 
from a coke producer sweep. (3) The Kessler process, in which 
hot gases sweep over the surface of the acid flowing through chan¬ 
nels in a shallow dish of lava. In the cascade process, the max¬ 
imum strength of acid produced is 93%. In the Gaillard and 
Kessler processes, acid of 98%-99% can be produced. Recent 
processes have been described by O. Kausch.* 

The efficiency of concentrating apparatus has been discussed 


1. E. P. 2839, 1879; abst. J. A. C. S. 1880, 2, 301. 

2. E. P. 4709, 1882; abst. J. S. C. I. 1883, 2, 281. 

3 G. Wttgen, Chera. Ztg. 1910, 34, 23; abst. C.-A. mO, 4, 1224. 
See 41so F. Meyer. J. S. C. I. 1903, 22, 781. P. Hart, J. S. C. I. 1884, 3, 

■ 4. Chem. App. 1914, 1, 272; abst. C. A. 1915, 9, 966. 
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by N. Swinden,' but 4 U the data in this field has been superseded 
by the recent paper of A. Porter,* in which the subject is very 
fully discussed, with numerical examples. This data will be taken 
as fundamental in the rest (4^.tiiis section. * 

Theory of the Concentration of Sulfuric Acid. All calcula¬ 
tions on the concentration of sulfuric acid were based on more or 
less uncertain data until the appearance of a recent treatment of 
the subject by A. Porter, in which all previous data has been 
critically examined. 

Porter represents the heat required to concentrate an acid 
containing 1 part SO3 to Mi parts of HjO, to one containing 1 
part SO3 to Ms parts HsO as follows; Q = L(Mi — Ms) H-hMi — 
hMs. The' acid is supposed to be, in the first place, separated 
completely into SO3 and HsO, the heat required for which opera¬ 
tion is ,given by hMi. 'The water is then evaporated to .such an 
extent that just sufficient remains to form the final acid. The 
heat required will be I<(Mi — Ms), where h is the latent heat of 
evaporation, at the given temperature, of pure water. The rest 
of the water, Ms parts, is then supposed to be mixed with the 
SO3 to form the final acid, when heat hji, is evolved. The total 
heat required is then easily seen to be as stated above. It will 
be notieed that Porter refers all acid strengths to content of SO3; 
this is a decided advantage since his formulas also apply to oleum, 
in which case the total SO3 content must be taken. 

After these few remarks, the tables given in Chapter VIII 
may now be explained. If changes of temperature occur during 
I the evaporation, as is invariably the case in practice, we require 
also the heat capacities of sulfuric acids of various strengths. 
These are given in Table XCIV headed Sensible Heat at Constant 
Concentration. The tables involved in practice are on pages 1539 
and 1540, in which all heat quantities are given in C. H. U., i. e., 
the heat required to raise 1 lb. of water through 1° C. as unit. 
The weights of aeid are in lbs. 

j Table XCIII gives the Heats of Total Evaporation. By these 
are meant the quantities of heat, in C. H. U., required to evap¬ 
orate completely a mixture of 1 lb. SO3 with the amount of water 
corresponding to the percentage of total SO3 given in the first 

1. Chem.irradeJ. 1010, 5S, 369; abst. C. A. 1917,11,386. 

2. Trans. Faraday Soc. 1018, 13, part 3. See also N. Heinz and J. 
Gcib, U. S. P. 1277922; abst. C. A. 1918, 12, 2412; J. S. C, I. 1918,^37,724-A, 
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column, and to decompose (theoretically) the.vapor into SOj and 
HiO. The difference between two numbers in the table, at given 
temperatures, gives the heat required to evaporate an acid con¬ 
taining ttie first percentage of total SO 3 to an acid containing the 
second percentage of SO3. Thus, suppose we start with chamber 
acid of 7i\% 11381)4 at 3 .')° C., and concentrate it at 100 ° to R. O. 

V. of 90% H>vS() 4 . How many units of heat will be required per 
lb. of final acid? 

SO 

'I'lie initial acid contains 70 X = 0-') StXi. (This num¬ 
ber, and the '/('SO.i corresponding with a given Bd. gravity, may 
be read off directly from the Table of Densities in Chapter VI11.) 

,so 

The final acid contains 90 X = 7S..')0; SO 3 . The unit weight 

of acid always taken in the calculations is that containing “l lb. 
go.,, i. e., 100 ,'7S..') = 1.27 lb. strong acid. The weak acid is 
first raised to 100° from its initial temperature of 3.')°. h'or this 
purpose we require sensible heat given by the Table XCIV, viz., 20 
C. H. U. The acid is now evaporated from 02%, -StJa to 7.8.,5%, 
SO3 at 100°, for which purpose we require heat given by Table 
XCIIl, viz., 77S — 511 = 207 C. H. U. If we recover no heat in 
cooling the hot concentrated acid, we require, theoretically, 20 -|- 
207 = 293 C. H. U. per 1.27 lb. strong acid, i. e., 230 C. H. H. 
per lb. 90%, acid. By comparing this with the actual amount of 
heat required as found from the fuel consumption, the efficiency 
of the concentration apparatus is found. The amount of cixiling 
water required for cooling the hot concentrated acid from 100 ° 
to (say) 20°, is also easily calculated from the Table of Sensible* 
Heats. 

The tables also give data for the heat evolved in absorbing 
SO 3 in oleum, diluting oleum with oil of vitriol, and other calcu¬ 
lations. For a simple graphical method of calculation, consult 
the original paper. 

Concentration in Iron Vessels. Cast iron resists the action * 
of sulfuric acid of concentration greater than 93% to 94%. Such 
a strength is attained by concentration in silica or acid-resisting 
metal pans in cascades, and the concentration may, an^ often 
is, completed by allowing the acid from the cascade to flow through 

a large cast jron pan heated below by a fire. Acid of 98%, may 

• • 
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be obtained in this way, such as is required in petroleum refining, 
the manufacture of nitroglycerol and pyroxylin. In case the pan 
is emptied, enough Strong acid should always remain ^o give at 
least 96% acid when the pan is filled up with 93% acid for re¬ 
starting. 

The pan usually employed is provided with a cover in which 
tliere are three necks. One of these is used for the feed acid, 
the other two for carrying away acid vapor. The outlet for con¬ 
centrated acid is placed near the bottom. If the pans are used 
to complete cascades, the top of the cover has one outlet for 
acid vapor, the inlet being a lead tube running through two semi- 
cylindrical pieces, one in the pan and the other in the cover, at 
the side. It is stated that each ton of acid concentrated dissolves 
about 100 gm. iron, and the fuel consumption is 28%-30% of 
the "acid concentrated.* From time to time the mud formed, 
consisting of ferric sulfate, must be removed. G. Lunge® describes 
several types of iron pots used in America. In some cases round 
cast iron pans, 3 ft. wide and 2 in. thick, with double flanges for 
a hydraulic joint for the cover, are used. The cover may be of 
lead, water cooled. Such pans last about 2 months^ and, when 
used for concentrating acid for petroleum refining, may be heated 
by heavy petroleum (sp. gr. 0.S33), injected by a steam jet. The 
flame, after heating the pans, may pass under lead pans for pre¬ 
liminary concentration. 

A pan designed by W. Quinan is of cast iron, divided into 
three compartments by longitudinal partitions, leaving openings 
at alternate ends, so that the acid travels in a zig-zag manner. 
The pan bottom bulges outwards to correspond with these chan¬ 
nels, so as to give a greater heating surface. The flat cover is 
held in {flacc by six lugs, and is luted on with a mixture of barytes 
and water glass. The cast iron vapor pipe is fitted on in the same 

1. A. DOron, E. P. 2408, 1913; abst. J. S. C. I. 1913, 32, 791; C. A. 
1914,3, 2606. D. R. P. 267138; abst. C. A. 1914, 3, 795; Chem. Zentr. 1913. 
34, II, 2013; Chem. Ztg. Rep. 1913, 37, 674; Wag. Jahr. 1913, 58, I, 379. 
D. R. P. 275751; abst. C. A. 1914, 3, 3180; Zts. ang. Chem. 1914, 27, 478; 
Chem. Ztg. Rep. 1914, 33, 410; Wag. Jahr. 1914, 60, I, 166. F. P. .453733, 
453742; abst. J. S. C. I. 1913, 32, 790; C. A. 1913, 7, 3646; Chem. Ztg. Rep. 
1913, 37, 474. E. P. 3444, 1913; abst. J. S. C. I. 1913, 32, 911; C. A. 1914, 
3,2e07f 

2. Zts. ang. Chem. 1894, 7, 135. A. Scheurer-Kestner. Bull. Soc. Ind. 
Mulbouse, 1892, 348. D. R. P. 61331; abst. Bull. Soc. Ind. Mulhouse, 1892, 
320; Zts. ang. Chem. 1892, S, 213; Wag. Jahr. 1892, 33, 294; Ber. 1892, 25, 
482. 
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way. The acid inlet is a cup cast on the pan. Below this the 
pan bottom is thickened, as this part is njost c-orroded. 'flic 
pans are 3 ft. 6 in. long, 1 ft. 0 in. broad, and 10 in. deep. The 
channels are 5 in. wide and the thickness of melal ^ ,, in. Tiic 
acid outlet is the neck leadinj' to a mud box and rising; pipe, 

Chilled cast iron is said to be most resisting; the life of a pan 
is from 4 to 8 months. Small holes may be luted with water glass 
and a.sbestos powder, with a little barytes. The deposit of ferric 
sulfate formed in the pan may be removed once a fortnight. The 
consumption of fuel is 2S''i. to 30' j: (used as petroleum). 

Arrangements of ircjii pans have been described by Schuerer- 
Kestner; in which platinum domes are used. Platinum apparatus 
has now, however, practically gone out of use. 

J. Herreshoff, H. and G. Nichols' describe a combinatiop of 
platinum and iron apparatus, in which the acid is distilled in the 
iron retorts, yielding very pure acid. 

S. Dreyfus and the Clayton Aniline Co.," use cast iron pans 
in which acid of any strength, is fed on the center of the surface 
of heated acid of not less than 'J0'/(- !)3';;, at the same time with¬ 
drawing strong acid from the bottom of the vessel so that the 
level remains constant. This is exactly the same arrangement as 
described by J. Gridley in 1.882" and M. Walsh‘ in 1884. The 
pan has an overflow taken from near the bottom of the pan and 
delivering the acid corresponding with the working level in the 
pan. The cover is cemented to a flange and carries an inlet pipe, 
a vapor outlet, and a hole for a thennometer. The pan is charged 
with 90%-93% acid, which is heated to boiling, and fresh acid 
is then run in. 

C. Krell® uses a cast iron tube heated in a bath of molten 
lead. This apparatus appears to have been successfully used in 

1. E. P. 1998,1887; abst. J. S. C. I. 1887, «, .'170. U. S. P. 357.528; abst, 
J. A. C. S, 1886,8,39. Cf. Der Norskc Akt. f. Klektrokcmisk Ind. and M. Hal- 
vorsen, F. P. .363157; abst. J. ,S. C. 1. 1906, 25, 847; Chem. Zts. 1906, 5, 328; 
Mon: Sd. 1907, 67, 92. E. P. .3680, 1906; abst. J, S, C. 1. 1906, 25, 1146-, 

2. E. P. 11544. 1898; abst. J. .S. C. 1. 1899, 18, 494. 

3. U. S. P. 265495; abst. Wag. Jahr. 1883, 29, 266. 

4. U. S. P. 291821, 1884; abst. J. A. C. S. 1884, 6, 52; Wag. Tahr, 
1884 30 299 

's. ’ E. P. 18727, 1894. D. R. P. 1605.57,176944. E. P. 4063, 1996. F. 
P. 363604; bbst. Chem. Centr. 1906, 77, I, 418; J. S. C. 1. 1906, 26, 927. Sec 
also M.'Liebig, Zts. ang. Chem. 1900,13, 184. E. Hartmann and F. Benkcr, 
Zts. ang. Chem. 1906, 19, 566. G. Stokcnw.ald, Zts. ang. Chem. 1910, 23, 
1977. • . 
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Germany and Poland. The consumption of coal is 30% on acid 
of 97%-98% strength. W. Hartmann' states that the addition 
of iron salts to the acid, which are again separated in the concen¬ 
tration, adds to the life of the pan. 

J. Fisher, J. Hall and F. Moore* run the acid through a cast 
iroti pipe, externally heated, to effect continuous concentration. 
P. Kestner* uses his well-known vertical tubular concentrator, 
with iron tubes placed upright, the acid being raised by bubbles 
of vapor. J. Mackenzie' runs acid of sp. gr. I.5.") from a store 
tank through a lead coil, heated by waste gases from a tower 
below, filled with bricks, where it is brought to sp. gr. 1.775 to 
1.80 by direct contact with hot fire gases from the iron pot below, 
in which the final concentration is effected. In this, hot air, 
produced in a chamber containing cast iron pipes, is blown through, 
the pot being heated by gases from the air heater. The tem¬ 
perature of the cast iron pot need not exceed 270°, since the hot 
air blown through the acid assists the elimination of water. H. 
Ellison* uses a closed pan of cast iron, the acid to lie concentrated 
being introduced through a pipe of resisting material, of rather 
less diameter than the pan, with a serrated bottom edge. The 
heat of the surrounding strong acid effects concentration, and the 
acid emerging into the outer pan is sufficiently concentrated not 
to attack the metal. Gellen* uses an iron cascade system. A. 
Proelss and W. HalP lead the acid to the cast iron pot through a 
packed extension, and a second pot, where the acid passes over 
the bottom in a thin layer. H. Friedrich* describes an apparatus 
similar to that of J. Gridley, while R. Evers® uses two coils of 

1. E. P. 2839, 1879; abst. J. A. C. S. 1880, 2, .301, 

2. E. P. 2T376, 1898; abst. J. S. C, I. 1899, U, 1124. 

3. E. P. 211)48, 1912; abst. J. S. C. T. 1913, $2, 409. D. R. P. 121339, 
177304; abst. Chem. Ztg. 1901, 25, (174; Chem. Ztg. Rep. 1900, 30, 415; 
Wag. Jahr. 1901, 47, I, .552; 1900, 52, I, 571; Chem. ZLs. 1902, 1, 217. E. 
P. 12502, 1906; abst. J. S. C. I. 1907, 26, 516. 

4. E. P. 26278, 1904; abst. Chem. Trade J. 1905, 36, 160; J. S. C. I. 

1905, 24, 196. 

' 5. E. P. 17760, 1902; abst. J. S. C. 1. 1903, 22, 950. 

6. Aust. P. Anm. .5616. 

7. U. S. P. 960702; abst. Chem. Ztg. Rep. 1910, 34, 342; Mon. Sci. 
1910, 73, 130. 

8. Chem. Ztg. 1909, 33, 478; abst. J. S. C. I. 1909, 28, 653; Chem. 
Zentr. 1909, 80, 1, 2at0; H, 566; Wag. Jahr. 1909, 55, 1, .342. 

9. D. R. P. 176309; abst. Zts. ang. Chem. 1907, 20, 1066; Chem. Centr. 

1906, 77, 11, 1868; Jahr. Chem. 1905-1908, I, 1615; Chem. Ztg. Rep. 1906, 
30, 387; Wag. Jahr. 1906, 52, I, 391; Mon. Sci. 1908,, 69, 169>Zts. Schiess. 
Spreng. 1900,1, 4271 
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interposed pipes on the bottom of the pan. I,. StaiiRe' heats 
the acid from outside in conical cast ir«n pans, and blows hot 
air over the surface. The bottom of the pan is cooled to prevent 
the sediment burning on. The acid enters through a stoneware 
vessel inside the pan, with an opening at the bottom, so that the 
weak acid floats on the surface of the strong acid in the pan. 

S. Dreyfus- describes an apparatus of cast iron for obtaining 
acid of 05% and upwards. He believes that the stronger acid 
is always at the bottom of the apparatus. The apparatus con¬ 
sists of a cast iron pan overflowing into an external cast iron pan, 
charged with 00%- 03'’J . The acid to be concentrated is intro¬ 
duced through a pipe, the vapor escaping through another pipe. 
The apparatus is heated by a grate lire and by hot gases passing 
through the flues. The acid passes alternately downwards and 
upwards to the outermost space, and is withdrawn from the 
bottom of the outer vessel. 

A. Diiron’ describes a concentrating apparatus, the floor of 
which is divided into three approximately parallel channels, along 
which the acid, introduced through a regenerator column, flows in 
a zig-zag path. Superheated gas passes in the opposite direction 
along the side channels, and in the central channel is made to 
pass through the acid, on to which it is conducted in a number 
of parallel currents at right angles to the direction of flow, by 
means of a series of blind transverse channels having walls depend¬ 
ing into the acid and communicating alternately with each side 
channel. 

J. Leitch’ describes a three-stage concentrating apparatus, 
arranged in a cascade. The acid is fed to the first stage pans, 
which are of lead, where it is concentrated to 75%, 80%, at 1(X)°- 
125°. It then passes to the second stage basins, of silica, glass. 


1 E P 91, 1907; D. H. P. 188tK)I; U. S. P. K-i7,592; E. P. .■|7:)320; 

abst J. S. C. i. 1907, 26, 907; Zts. ang. Chem. 1908, 21, 790; Cht-in. Zentr. 
1907 78, It, 128S; Jahr. Chem. 190.5-1908, I, 1010; Wag. Talir. IIH)7, S3, 
I, 3.37; Chem. Ztg. Rep. 1907, 31, 72, 324; Mon. Sci. 1907, 67, 113; Chem. 
Zts. 1907, 6 , No. 419. _ . 

2 U. S. P. 1217577; E. P I0104I, 1910; Can. P. 17.5488, 1917; abst, 
C. A. i917, 11, 190. 1.526, 2945; J. S. C. I, 1910, IS, 11.55: 1917 y, 467. 

3. F. P. 453733, 4,53742, 1913; abst. J. .S, C. I. 191.3, 12, 790; C. A. 
1913, 7, 3645; Chem. Ztg. Rep. 191.3, 37, 474. 

4 U S. P. 12.57894, 1267895; E. P. 16001; 1915; Swiss P. 74443, 1917; 
E P. i495. 1915; abst. C. A. 1917, 11, 1526, 2029; 1918, 12, 980; J. S. C, I. 
1916. 35, TO; 1918* 37, 242-A. 
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porcelain, or iron alloy,' in which it is concentrated to 85%-90% 
at 135‘’-150°. The acid,is then passed to cast iron or iron alloy 
pans, where it is brouRht to 96%-98% at 200°-215°. ' 

F. Brandcnburfi;' uses cylinders of cast iron or quartz, con¬ 
tinued below into cones with laterah pieces, heated on the out¬ 
side. ,Strong circulation is said to be obtained. 

The Galizische Karpathen Petroleum A. G. vorm. Bergheim, 
Garvey & Gellen* use a cast' iron apparatus consisting of a pan, 
with an outlet for concentrated acid, and heated by a direct fire. 
This has a cover prolonged intd an alembic, all heated outside by 
fire gases to prevent condensation. There is a set of dishes in¬ 
side the alembic, the lowest resting on projections attached to 
the pan sides, lire lowest dish has a central opening through 
which acjd runs into the pan below. The weak acid is fed to' 
the top dish, the vapors passing to a recuperator tower, down 
which weak acid flows. 

A combined tower and pan system is described by E. H. 
Armstrong.’ The acid first passes through a tower for preliminary 
concentration to 02°-()3° Bd., and then through cast iron pans 
in a furnace; one above the other, the last pan being direct fired, 
to bring it to !)3‘’(,-97% H 2 SO 4 . The furnace gases pass under 
the pans to the tower, where they mix with the acid vapors from 
the pans, pass up the tower, and escape through scrubbers. 

Fcrrosilicon, for concentration apparatus, is described by 
A. JoUvc;‘ many varieties are now on the market. A new alloy, 
,‘'illium,” chiefly Ni and Cr, is described by S. Parr.’ 

Concentration in Lead Pans. A preliminary concentration 
of chamber acid in lead pans was formerly extensively used, but 
since the introduction of the Glover tower has gradually been 
'abandoned. The pans may be heated from the top, by hot-gases, 
from below by waste heat, or by steam. The quality of lead 

1. D. R. 1». 24.'J.'H4; abst. C. A. 1912, 6 , 2299: Zts. .ang. Chem. 1912, 

25.. ,'>9«; Chem. Zentr. 1912, 83, I. G9.5; Chem. Ztg. Rep. 1912, 26,156; Wag. 
Jalir. 1912, 58,1, 277: Zts. Schicss. Spreng. 1912, 7, 98. 

2. D. R. P. 271G2.'>; Aiist, P. 60.59.5; kbst. C. A. 1914, 8 , 2465; Zts. 
ang. Chem. 1914, 27, 252; Chem. Zentr. 1914, 85, I, 1,316; Wag. Jahr. 1914, 

68 . 1, 296. 

3. J. lid, Eug. Chem. 1917, 9, 1730. ' 

4. F. P. 3.'50666; abst. J. S. C. I. 1903, 22, 1086; Chem. Zts. 1963, 2, 
742; Mon. Sci. 19(M, 61, 67. . 

5. Ataer. Inst. Metals, Sept. 1915. U. S. P. 1115239; abst. Jl S. C. I. 

1914,38, 1161; 1915,34,1097. , 
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especially suitable for such pans as have Ix-en discussed by \V. Hart. * 

I^ead pans heated from above have been described by tlodin,- 
G. Itunge,’ W. Clough,^ C. Grossc-I.eege,'’ A. Bernulat/ 1'. Girod' 
and O. Briinler.* 

I<cad pans healed from below are much smaller than the 
first type, and require careful heating to avoid melting. They 
are placed on metal plates, which may be covered with a layer 
of sand. J. MacDougall* su])ports tlie pans on perforated iron 
plates; J. Candla'" interposes a thin copper plate between the pan 
and the iron plate. A number of pans in, series are used, the 
fireplace being u.sually under the ])an eontaining the weak acid. 
Six pans, 5 ft. 7 in. long and wide, and 12 to Iti in. deep, make 
a good combination. A. Junge" has described the pans used at 
Freiburg. Other modifications are detailed by 'I'lie Zeit/.er Eisen- 
giesseri,** and W. Wolters.” 

Pans operated by waste heat from other concentration ap¬ 
paratus, or the burners, are used e\cn where there is- a Glover 
tower. .Sometimes the Glover tower is used to concentrate the 


]. J. .S, C. I. l'.K)7, 26, rm: absl. C. A. 1, Cf. H. Ditz 

and F. Kannhauscr, Zts. aiiorg. Chcni. 98, i2S; abst. J. C. ,S. Ittl7, 

112, ii, 208; J. S. C. I. 1017. 36, 641. 

2. Ann. dcs Minc.s, 18t>.'>. a 14. 

3. Uingl. Polv. 1871, 201, 341; J. C. S. 1871, 24 1100; Cluni. Tech. 

Rep. 1871, 10, II, 126. _ , . 

4. U. S. P. 1.5222, 18.56; abst. Rep. Cliiiii. up|>I. 1860, 2, .32.3; 1861, 3, 
48; Jahr. Chem; I860.' 13, 601; Wax. Jnhr. 1860, 6, 17.3. 

5 D. K. P. 176370; al)5t. Zts. an«. Chcin. HI07, 20, 803; L'liem. Centr. 

1906, 77, II, 1668; Jahr. Chein. 100,5- P,K)8, I, 1616; C'hein. Ztx. Rep. 1906, 
30, .371; Wag. Jahr. 1006, .52, I, .391; Mon. .Sci. 1008, 69, 160; Zt.s. ,Schics». 
Spreng. I9(X>, 1, 427. . . 

6 D. R. P. 2811.3.3; abst. Zts, ang. Chem. I0I.5, 28, 83; them. Zciitr. 
191.5, 86, I, 176; Chem. Ztg. Rep. 191.5, 39, 11; Ann. Rep. Soc. them. Ind. 

1916,^ Igl p. 17158, lOH; abst. C. A. 1913, 7, 40.3; J. ,S. C. I. 1912, 31, 
335; Chem. Ztg. Rep. 1912. 36, 330. * 

8 D. R. P. 283790, 1913; abst. C. A. 191.5, 9, 2.577; Zts. ang. Chem. 
1915, 28, 296; Chem. Zenfr. 19b5, 86,1, 1031; Chem. Ztg. Rep 191.5,39. 191. 

9. E. P. 21778, 1895; abst. J. ,S. C, I, 1895. 14, 1.58. See also Alkali 
Insp. Rep. 31, 54. ' 

10. J. S. C. I. 1893, 12, 15. * 

11, Jahr. Berg, u. Hijttenw. Sachsen, 1892; abst. Zts. ang. Chem. 1893, 
6, 61; Wag. Jahr. 1893, 39, 381. 

. ■ 12 D R. P. 99708; abst. Wag. Jahr, 1898, 44, 328; Chem, Centr. 1899, 
70, 1, 239; Jahr. Chem. 1898 51, 1588; Chem, Ztg. 1898, 22, 18.37. 

43. E. p. 18831, 1893; atjst. J. S. C, 1. 1894, 13, 887, D. R. P. 73689; 
abst. Wag. Jahr. 1894, 40, 449; Zts. ang, Chem. 1894, 7, 175; Ber, 1894, 27, 
429; Mon. Sci. 1894, 44, 56i 81; J. Organ, Chem. 1894, II, 384. 
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acid for the Gay-Lussac tower, and the balance of the chamber 
acid concentrated in lead pans. 

Lead pans heated by steam appear to have been proposed 
by J. Smith and J. Savage,' and at the Duisburg works such pans 
were used," consisting of wooden tanks lined with lead, contain¬ 
ing lead steam coils for steam under 4.i lbs. pressure. Apparatus 
on the principle of the tubular boiler have been advocated by 
A. Kux,’ H. Egells,'* and the International Vacuum-Eismachinen- 
verein." Steam pans have also been described by C. Kurtz" and 
Solvay & Co.’ 

Concentration in Glass Vessels. Concentration by boiling in 
glass retorts was introduced by Chance Bros., Oldbury, England. 
I'he retorts consisted of a large body, blown of thin glass, about 
3 ft. high and 1 ft.!) in. diameter, with a loose head like the beak 
of a retort, fitting into a lead trunk running along the retort house, 
and communicating with a chimney. The retorts were heated 
on flat metal sand baths. The distillation took one day, when 
the retort was allowed to cool, and the acid drawn off by a 
siphon. The same process was used at Miihlheim.* A process 
of continuous working has been introduced by J. Gridlcy," in 
which the retorts were placed terrace-wise in a furnace, and con¬ 
nected by siphons, the acid flowing through the entire series. 
The retorts were afterwards heated separately by large Bunsen 
burners. The strength of the acid does not rise above !)2% or 
93%, and the plant is suitable only for small works. Otherwise 
it acts efficiently. 

' Modifications of the apparatus have been described by S. 
Bo'vyen,"’G. Veitch," R. Penniman'"and C. Schofield.'" Estimates 

1. U. S. P. 411)47. 1884. 

2. R. Hasenclcvcr, Hurmanii's Report, 187.'), 1, 185: abst. Jahr. Chera. 
J875. 28, 1054. 

3. D. R. P. 31277; abst. Wag. Jahr. 188.5, 31, 218; E. P. 8803, 1884; 
abst. J. S. C. I. 1885, 4, 409. 

4. D. R. P. 31820; abst. Wag. Jahr. 1885, 31, 210. 

.5. D. R. P. 37353, 38015; abst. Wag. Jahr. 1887, 33, 608, .509; Ghent. 
Centr, 1887, 58, 472. 

6. D. R. P. 38018; abst. Wag. Jahr. 1887, 33, 508. 

7. D. R. P. 54730; abst. Zts. aiig. Ghent. 1891, 4, 89; Wag. Jahr, 
1891, 37, 375; Ber. 1891, 24, 423. 

8. A. Fehrtnatin, Wag. Jahr. 1886, 32, 263; Ghent. Tech. Rep. 1886, 
28, II. 305. V. Laty, Zts. ang. Ghent. 1892, 5, .385; abst. J. S. C. I. 1893, 
12, 153. 

9. E. P. 1243. 1871. 

10. E. P. 2035, 1883; abst. J. .S. G. I. 1884, 3, 30. See .also R. Rap- 
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of the cost of concentrating in glass retorts have also been giveji.' 
Detailed description of the process is hardly necessary, as it has 
been rgplaced by more efficient modern apparatus. 

Concentration in Silica. Quartz was fused into a pasty con¬ 
dition by Gaudin in IKH) by means of the oxy-hydrogen blowpipe, 
and similar experiments were made by Gautier in bS7.S, The 
preparation of filaments of fused quartz was described by Boys, 
and other experiments were made by Dufur and LeChatelier. 
In 1901 Shenstone described his work on working qu.artz before 
the oxy-hydrogen blowpipe to the Royal Institution in I.ondon, 
and showed how tubes of quartz could be made. In 1!)().'{ Dr. 
Heraeus detailed a similar method of working quartz to the .'ith 
International Congress of Applied Chemistry. Shenstone’s meth¬ 
ods were adopted by the Silica Syndicate of London, and Heraeus' 
by his firm at Hanau. 

Quartz, or rock crystal, is far too expensive a material for 
use in making technical apparatus, and heating with oxy-hydrogen 
blowpipe could be applied to small articles only. The attention 
of experimenters was therefore directed to the use of sand, and 
electrical heating. This was first effected by Hutton, in 1902, 
who described the method to the American Electrochemical 
Society. .Sand or particles of rock crystal were piled round a 
central core, which was heated electrically, or an arc flame was 
played over the surface of the granular material. The core was 
afterwards removed, and a tube remained. Patents were taken 
out by Elihu Thomson in the United States, and the Ruhstrat 
firm in Germany for this process, but led to no practical results. 
The chief difficulties in fusing quartz lie in its high melting poinf, 
and the close proximity of the melting and vaporizing points. 

Experiments were made at Wallsend, in England, by Bot- 
tomley and Paget, in which silica was converted into a plastic, 
but not fused condition by heating in the electric furnace, and 
the apparatus made in this way was suitable for use on a tech- 
pold and R. Leetli, J. S. C. I. 18R2,1, .120. * 

11. K, P. 7!)()1. I«89; ahst. J. S. C. I. 1S«», 8 , ilA’I, 

12. U. S. P. 4694.39; abst. J. A, C. S. 1892, 14, 41. 

13. E. P. 19780, 1891; abst. Clicm. Centr. 1893, 64, I, 996; J. S. C. 1. 

189.3, 12, 155. , 

1., Hofmann's Report. 187.3, 1, 188. Min. Res. 11. S. 1886, 67.3, R, 
Tate, J S. C. I. 1894, 13, 208, 47.3. Sec alsf> Chem. Trade J. 1906, 38, 77. 
See also T. Webb, D. R. P. 617.32; abst. Wag. Jahr. 1892, 38, 292; Zts. ang. 
Chem. 1892,5, 278; Her. 1892, 25, 483. 
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nical scale. The materials are made by electrically heating a 
carbon core or plate embedded in sand to a high temperature. 

To prevent the pasty silica from sticking to the hejiter, it 
is stated that the latter is first wrapped in paper, leaving a thin 
protecting film of carbon between the heater and the silica. 
The ^material is known as Vitreosil, and is made by the Thermal 
Syndicate at Wallsend, being’ extremely resistant to mineral and 
organic acids, with the exception of hydrofluoric acid and phos¬ 
phoric acid above 400°. It has a low coefficient of expansion, so 
that it may be heated strongly and cooled by immersion in cold 
water without breaking. It melts at about 1750°, but begins to 
soften at 1400°. Owing to crystallization, it cannot be used for 
prolonged work above 1100°. The chief drawback to the ma¬ 
terial from the technical point of view is its fragility, although 
this does not appear markedly in the form of dishes. In the 
form of spiral tubes the writer has found it extremely fragile, 
and does not recommend it for such purposes. 

Shallow pans of vitreosil, with lips, or rectangular pans with 
lips, are used for acid concentration, chiefly in the cascade system. 
The heat transmitting properties of vitreosil have been studied 
by W. Lewis.* The writer has been informed by a manufacturer 
that silicon-iron has better heat transmitting properties at lower 
temperatures than vitreosil, but that the reverse holds above a 
red heat. 

C. Stoffmehl’ concentrates sulfuric acid in a set of silica 
dishes placed partly inside and partly outside a tower of acid- 
proof material in such a manner that they are heated consecutively 
by the fire gases. The dishes placed inside the tower are fed 
with the acid previously concentrated in the dishes outside the 
tower, the dishes being arranged in a spiral manner. 

Voelcker & Co.* manufacture articles of quartz by fusing 

1. U. S. P. 812.309, 832424,• 1900. U. .S. P. Rc-i:).*!, 1913. Chem. 
Trade T. 1911. 48, 85. Alkali Insp. Rep. 1907, 4*. 28. Pohl. Zts. ang. Chem. 
1912. 2S, 1850. See also Chem. Trade J. 1912, 51, 650. Cf. 1. Schlossberg, 
XJ. S, P. 1128659, 1915; D. R. P, 258883, 1911; abst. J. S. C. 1. 1913, 32, 
605; 1915, 34, 232. 

’ 2. j. tod. Eng. Chem. 1915. T, 410; abst. J. .S. C. I. 1915, 34, 600. 

3. F. P. 460627; abst. C. A. 1914, 8, 2230; Chem. Ztg. Rep. ;1014, 38, 
128. Bel» P. 258323, 1913. 

4. D. R. P. 2,58351; abst. C. A. 1913, 7, 2673; Chem. Zentr. 1913, 84, 

1558. Cf. F. Brandenburg, D. R. P. 243,544, 1910; abst. J. .S. C. 1. 1’912, 
31, 334; C. A. 1912. 8, 2299; Chem. Zentr. 1912, 83, 1, 695; Wag. Jahr. 1912, 
18, 1, 377; Chem. Ztg. Rep. 1912, 36, 156. ' 
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sand round an electric resistance core anj uniting the quartz 
body by blowing. ^ 

Siftxide is another refractive material' stated^to have advan¬ 
tages over vitreosil. The Aussiger Verein fiir Chemisehe und 
Metallurgische Kabrikation- manufacture quartz tubes by an art- 
flame inside the tubes to be made. Silicon nitride is recommended 
by Herre’ for use in concentrating acids, and silicon tubes art- 
made by the Carbonindum Co. at Niagara Tails for carrying hot 
mineral acids. 

An apparatus for concentrating in quartz is described by A. 
Zanner.* The final stage of the concentration is effected in series 
of quartz or other trays arranged in a shallow muffle heated as 
far as possible uniformly by gases from the pnxlucer. The trays 
may be mounted in the muflle or sunk in its floor. The preliminary 
concentration may be carrieti out in trays directly exposed to the 
furnace gases. The draft is regulated by dampers. 

W. HoF distils acids continuously by running them down 
slightly inclined tubes of quartz which are heated. He states 
that a ton of acid can be evaporated per 24 hours per sq. m. of 
tube surface.® 

Porcelain or Enamel Apparatus. The use of enameled iron 
instead of cast iron for concentrating pans was proposed by 
Rixler.' A method of coating the inside of an iron pot with 
iron sulfate, by heating a mixture of sulfuric acid and alkaline 
pyrosulfate in it was described by W. Wolters.* F. Tate* refers 
to an enameled apparatus. T. Dyson'" used a cascade apparatus 

t. A. Pohl, Zts. aiiR. Cliein. 10I2, 2S, 1849. j^irkonxlasgcs. G. m. h. 
H.. Zls. ang. Chem. 1912, 25, 2.149. See I'. Wolf-Burckliardt and W. Bor- 
chers, K. P. 180.5.1, 1911; ahst. C. A. lOl.'l, 7, 407; J. H. C. I. 1912, SI, 189. 
F. P. 43278C; abst. J. S. C. 1. 1912, 31, 1.30. 

2. Aust. P. Aiim. 4.34.5. 

3. Chem. Ztg. 1014, 38 , 317, .341; abst. C. A. 1914, 8 , 20,30. 

4. D. U. P. 2005.55; Belg. P. 15.5775, 1901; 160924, 1902; 259249, 1913. 
ir. S. P. 09,3635. 1902; abst. J. S. C. I. 1902, 21, 470. 

5. E. P. 21291, 191.3; abst. J. S. C. 1. 1911, 33, 805. D, R. P. 26065.5, 
1912; abst. J. S. C. 1. 191.3, 32, 751. F. P. 162016. U. S. P. 1099.368; absf 
Chem. App. 1019, 6, 60; C. A. 1919, 13, 2974. 

6. In this connection, see also F. Bottoinley, J. S. C. I. 1917, 38, 577. 

7. Dingl. Poly. 1836, 61, 397. 

8. D. R. P. 15639; abst. J. A. C. S. 1882, 4, 110; Wag. Jahr. 1882, 
28, 264‘Mon, Sci. 1882, 24. 324. 

9. J. S. C. I. 1894, 13, 208; abst. Jahr. Chem. 1894, 47, 408. 

10. E. P. 17699, 1893 ; 27769, 1896; abst. J. S, C. I. 1894, 13, 1069; 
1897, 18, 918; Mon.^i. 1806, 46, 49. See also Chem. Trade J. 17, 339. 
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composed of iron pans lined with special enamel, and connected 
by U-shaped siphons. JThis plant was in use in England in 1902. 
Seckendorff' concentrated the acid in flat-bottomed iron retorts 
completely surrounded by the fire from which the acid was to 
be distilled. J. Gridley* protects cast iron pans at the top by 
asbestos cement. C. Flanagan’ uses enameled cast iron pans 
with water-cooled lead hoods. 

The enamel for apparatus of this kind should be of very good 
quality; the writer has tested dishes from one English firm which 
were completely resisting to boiling sulfuric acid for a long time, 
and did .not crack when suddenly heated or cooled, so that it is 
possible to produce a .suitable enamel on a commercial scale. 

Concentration in Platinum Apparatus. Although formerly 
platinum stills were largely used for the final concentration of 
sulfuric acid, the steadily increasing price, and in some cases 
steadily decreasing quality, of that metal, have led to its aban¬ 
donment in a great many instances since modem methods, es¬ 
pecially the Kessler and Gaillard processes, do not require plat¬ 
inum. 

It will therefore be unnecessary to describe the platinum 
concentration apparatus in detail, but the most imjmrtant fea¬ 
tures of the still may be briefly given. 

Tlie main .source of platinum is the Ural Mountain district 
in Russia. The production of the metal in troy ounces (1 oz. 
troy = ,31.103.5 gm.) for the years 19()()--1912 averaged about 
300,000. In consequence of internal troubles this large source of 
supply has for some years been intermpted, and the remaining 
sources have become of greater interest. These are, in comparison 
with the Russian mines, quite insignificant. Beds of platinum 
ore in the United States, especially in California, Oregon, and in 
Canada, yield less than lOtK) troy oz. per annum; new beds have 
been reported recently in the Yellow-Pine district, Clark County, 
ih'Southem Nevada. Australia yields about 300-400 ozs. 

Most of the platinum ore is worked up by the firms of John- 

1. Haunover Pat. Sept. 7,185.5; ab.st. Hannov. Mitth. 1865, 306; Wag. 

Jahr. 18.55,1, 56. » 

2. U. S. P. 265495; abst. J. S. C. I. 1883, 2, 41; Wag. Jahr. 1883, 29, 

266. 

3. E. P. 3530, 1901; abst. J. S. C. I. 1901, 20, 1112. 
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son & Matthey, in London, and Desinoutis, Lcniaire & Co., of 
Par^s. • 

The modern ty]3cs of platinum stills are those of Prentice,* 
and G. Delplace.^ The former is of an elongated square shape, 
3 ft. by 1 ft. 0 in. for -4 or tons O. V. per day. The principal 
feature of these stills is the cornigated bottom of the pan, which 
gives a greatly increased heating surface. The thin stratum of 
acid in the pan at any time, i. e., the use of shallow pans, is another 
feature of the recent types. 

In the nelplace system two stills arc used, the top one being 
fed with acid of 144° Tw. and the distillate, from the still below. 
The latter carries the concentration up to II, 

The platinum stills supplied by the firm of Desinoutis, L*- 
maire & Co. are also of the .shallow type, the pan hiTving con¬ 
centric partitions which cause the acid to traverse the still in a 
circuitous manner, overflowing from the pipe. 'I'hey are some¬ 
times made in an elongated shape instead of circular. 

The firing of platinum stills is a matter of great importance, 
the best system of firing being with producer gas. The Liegel 
producer is specially ada])ted for this purpose. 

Since the pan is the only part of the still coming in contact 
with the hot acid, Harrison Blair & Co., of Bolton, Lngland, and 
A, Smith, of Dublin, used lead covers cooled by water. This plan 
was reintroduced by H. Roessler in 1,S()3, at Griesheim,’ but was 
abandoned until ten years later, when the firm of Faure & Kessler, 
of Clermont-Ferrand, introduced an improved type of apparatus, 
which is generally known by their name. It consists of a plat¬ 
inum dish, with a rim shaped to form a hydraulic lute, which is 
covered with a lead hood composed of a cylinder Surmounted by 
a cone. This hood is double walled, and is cooled by a currenf 
of water. The condensate forming on the inside of the hood runs 
off through a tube. The cooler for the acid running from the 
still has been used in connection with other systems, and*the 
writer has been assured that it is very efficient indeed. It con¬ 
sists of a lead vessel with an internal hood connected by three 
,1. See Anon., Clicm. Ind. 1878, 1, 1 13; 1879, 2, 109. J.*Stroof, Chem. 

Ind. 231 , 59 , 1882; abst. J. S. C. I. 1884, 3, 107; Wag. Jahr. 

188^3 M 266. 

’ 3 . *Dingl. foly. 180.5, 178, 34; abst. Jahr. Cham. 1866, 18, 776. 
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lead tubes with an exterior water vessel. A lead water coil is 
also placed inside the lead vessel. Vitreosil coolers are also used,* 
but if coils are used, these are exceedingly easily broken, ahd 
are, not recopimended. Most works using silica dishes on cas¬ 
cades for concentration employ lead coolers. 

Th^ Faure & Kessler system has not been developed to any 
extent; the new apparatus of Kessler, and the Gaillard tower have 
replace^ platinum apparatus in modem works, and the platinum 
commands a high price as scrap. 

Other forms of platinum apparatus have been described by 
F. Kalbfleisch,* M. Willett,® C. Bartsch,* G. Siebert,® V. Han- 
netelle,® H..Howard,’ R. England,* and others. 

A point of importance in connection with the use of plat¬ 
inum stills as the corrosion of the metal by sulfuric acid. This 
has been mentioned by M. Davies,* J. Conroy,'* M. D41dpine," 
L.Quennessen,‘*L. McCay,'*andW. Kpocke.** According to data 
collected by W. Heraeus, the loss of platinum per ton of strong 
acid is as follows: 

. 1. Concentration to 92% HsS 04 : from 0.18 to 0.78 Gm. 

2. Concentration to 93%-96% H2SO4: from 0.3 to 1.3 Gm. 

3 . Concentration to 97%-98% H 2 SO 4 : from 1.9 to 3.0 Gm. 

The great differences shown probably depend partly on the 

varying, quality of the platinum, a condition which shows no 
signs of, improvement, and partly to the different nature of the 
bring and the impurities in the acid. Heraeus states that gold 

' 1. A. Pohl, Zts. ang. Chcin. 1912, 25, 18S2. 

2. U. R. P. 1005. 1877. U. .S. P. 267221: abst. J. S. C. I. 1883, 2, 42. 

3. ' E. P. 9302, 1884; abst. J. S. C. 1. 1886, 4, 499. 

4. E. P. 6127, 1885; abst. J. S. C. I. 1885, 4, 500. D. R. P. 35347; 
Wag. Jahr. 1888, ^ 203. 

, 5. E. P.9514. 1893; abst. J.S. C. I. 1893,12,090. 

• 6. E. P. 22704, 1891; abst. J. S. C. I. 1893, 12, 43. 

7. E. P. 1762, 1897; abst. J. S. C. I. 1898,17, 47. 

8. E. P. 22715, 1895; abst. J. S. C. 1.1896,15,9a3. See also H. Glover, 
D. R. P. 10834; abst. Wag. Jahr. 1880, 26, 234; J. A. C. S. 1880, 2, 440. 

9„ J. S. C. I. 1894,13, 210. 

10. J. S. C. r. 1903, 22, 465; abst. Chem. Centr. 1903, 74, II, 160; Jahr. 
Chem. 1903, 56, 714. 

11. Compt. rend. 1905, 141, 886, 1013; abst. J. C. S. 1906, SO, u, 93; 

• J. S. C. I. 1906, 25, 314. 

12. Compt.’rend. 1906, 142, 1341; abst. J. C. S. 1906, 90, ii, 561; J. S. 
C. I. 1906, 25, 695. 

13. Chem. Ztg. 1912, 36, 1072; abst. J. S. C. I. 1912, 31, 928; C. A. 
1912 S 3242 

14. ' Dinia. Poly. 1859, 154, 181; abst. Jahr. Chem. 1859, 72, 714. ' 
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resists the action of acid better than pjatinuin, a fact known to 
users of platinum stills, as these were always repaired with gold. 
The rate of attack is stated to be oitly onc-.seventh that of Pt. 
W. Heraeus prepared platinum stills covered with gold,' but since 
gold is now cheaper than platinum, this process has no apparent 
advantage.* 

Concentration in Cascades. X modification of the series of 
glass retorts used by Gridley and Chance, already described, has 
been introduced by J. Hughes," consisting of a series of porcelain 
dishes with glass heads. An apparatus consisting of a series of 
porcelain capsules was constructed by C. N^grier & Co.,* com¬ 
prizing two parallel rows of eight porcelain capsules, placed in 
terrace fashion, and dcli\cring from dish to dish by means of 
spouts. IJach pair of dishes ou the same level was placed in 
depressions in a cast iron plate, with asbestos, cloth interposed to 
minimize danger of breakage. The space below thy dishes was 
heated by fire gases, the space above, which did not communicate 
with that below, carried off the acid fumes. 'I'he apparatus has 
been improved by H. I.^maitrc.'' 

Another system is that of li. Hartmann and 1'. Benker.* 
.At first Benker used porcelain dishes covered with protecting 
cement, heated separately by several small fires, and enclosed in 
a chamber of volvic lava. In a later system the dishes were 
placed on supports of fireclay, being cemented in with asbestos 
and water glass, so as to completely separate the under and upper 
sides of the cascade. 'I'hc heating is performed by a single large 
grate, burning coke or coal. There are 24 dishes in each of tfro 
cascades. In a more modem pattern, the porcelain disheii were 
replaced by cast iron. The preliminary' concentration is carried 

1. D. R. P. 63.591; abst. Her. 1892. 2S, 923. Zts. ang. Chetn. 19fl3, 
1C, 1201. See also E. Hartmann and P'. Benker, Zts. ang. Chem. 1903,16, 
11.54. Chem. Fabrik Rhenania, D. R. P. 64572; abst. Wag. Jahr. 1892, SS, 
294; Zts. ang. Chem. 1892, 5, 704; Mon. Sci. 1893. 42, 163. 

2. M. Neuerburg (D. R. P. 58511; abst. Wag. Jahr. 1891, 37, 341) con- 

struets pans of gold plated copi>er. • 

3. U. S. P. 339552; abst. J. A. C. S. 1886, C, 90. 

4. E. P. 4171, 14022, 1890; abst. J. S. C. I. 1891, 10, 46, 639. See A. 
Kretzscbmar, Chem. Ztg. 1892,16, 418. 

5. F. P. 357555; abst. Mon. Sci. 1906, 65, 126. , 

, 6. Zts, ang. Chem. 1906, 19, 564; 1909, 22, .395; Chem. Ztg. 1899, 23, 

147; abst. J. S. C. I. 1809, 16, 371; Chem. News, 1899, 80, 295. J. S. C. I. 
1902, 21, 1.344. 
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out in eight lead pans, arranged in two sets of four, and heated 
by waste gases from the cascades. These pans are made of 
special resistant lead (“Krellblei”), which withstands even boil¬ 
ing acid of 98%. The casscadc dishes are of special cast iton, 
called “Neutraleisen," made by the A. G. fiir Bcrgbau und Eisen- 
hiittenbetrieb at Kattowitz, Silesia, and are 320 mm. wide at the 
top and 165 mm. deep, placed on fireclay rings. Vitreosil dishes 
have also been used with success, 'fhe writer has been told, how¬ 
ever, that the latter may develop fine cracks on use. 

The Benker system consists of two parallel rows of neutral 
iron plates arranged in the form of a cascade, so that the acid 
flows down over them. These rest on the sides of a fire flue, 
conveying gases from a coke producer. The evaporating effect 
is said to be much greater than if quartz dishes are used. The 
vapors from the cascades are drawn off separately from each by 
a Kestner fan to a cooler. For the purposes of repair, each cas¬ 
cade may "be used independently. Instead of the lead pans, the 
waste heat of the gases are now utilized in a lava tower, packed, 
and fed with chamber or Glover acid of 6l°-62° B^., and passes 
to the cascades. The fan draws the acid vapors from the tower 
through a cooler and coke filter. The final acid is 98% and 
water white. The system concentrates 10 tons of acid of 92%- 
93% HsS 04 per day, with a consumption of 12-14 cwt. of coke, 
or 5V2-(i tons of 97%-98% acid with 22 cwt. of coke. The loss 
is 2% to 3% with 93% acid, and more with higher strengths. 
This is the main drawback to the cascade system; in some cases 
tjie writer has been informed that as much as 20% of the acid is 
lost, but this must be due to the neglect to scrub the fumes. 
Unle'ss some fume scrubber is used, a cascade plant is a great 
nuisance on account of its fumes, a continual rain of small drops 
af acid being felt in its vicinity. With proper care, however, no 
bad effects can be noticed. In English works it has been usual 
in some cases to use vitreosil pans for the upper part of the cas¬ 
cade. At a certain point, ferric sulfate begins to separate out, 
causing bumping in vitreosil pans. Since the acid at this strength 
does not appreciably attack iron, cast iron pans are used beyond 
this stage. They are best covered, and the mud must be raked 
out of them from time to time. ' 

Instead of using capsules or dishes, beakers were proposed 
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by T. Webb, of Manchester, England,* this system being adopted 
by J. Levinstein and others. Webb’s apparatus consists of 14 
or 16 jjass or porcelain beakers arranged fli cascades, each being 
11 in. wide and 21 in. high, with large spouts, so that acid may 
flow from one beaker to the next below. From the last beaker the 
acid flows to a cooler, and thence to the storage tanks. A Ux)sc 
tapering glass tube is placed in each beaker, into which the acid 
■flows. Much stress is laid on the assumption that the acid flow¬ 
ing into these tubes displaces stronger acid from the bottom of 
the beaker, which flows over the spout into the next tube. 14 
beakers produce a carboy of acid of l.SilS sp. gr. from acid of 
1.74, per hour, with the consumption of less than '/a cwt. of coke. 
One man can attend to four sets of 14 Ix'akers. 'I'o reduce break¬ 
ages, the four bottom beakers were made of stoneware, and more 
recently all the beakers have been constructed f)f porcelain or 
stoneware, when breakage is slight. Double walled Iwakc^s have 
been specified. 

J. Levinstein’s apparatus differs from Webb’s in the beakers 
having rounded bottoms, and being placed in metal dishes.- 

Similar apparatus has been described by J. Bradbury,* J- 
.Scott,* R. Wilson,* M. .Schwab,''' H. Green,* J. Mackenzie," A- 
Nobel," O. Guttmann,"’ K. Sundstriun,'* k. Bithell and J. Beck,''* 


1. Iv. I*. 1.510, llKll; abst. J. .S. C. I, l'J02, 21, 2.5.'i. Bcls. 1*. lOlHlIO, 
HHIl. li. R 2:i4a, 17407, 18801, 1801. I>. R. I’. i:i.5880; abst. Cheni. 
Centr. 1002, 73, II, I4:i7; Wax. Jahr. I!H)2, 48, I, .'107, .Swiss I>. 12.551, 1800. 
1'. .S. 1>. ,582.'120, 1807. D. R. P. 017.52; abst. WaR. Jahr. 1802, 38, 202. 

2. K. P. 10218, 1802; 2470, 28,15, 1808; 22,844, 1804. 1). R. P. 70407, 

77881;abst. Wag. Jahr. 1804. 40, 4.50, 451; Zts. ang. Chnn. 1S04,7,.588. 0.54; 
Bcr. 1804, 27, 018; 180.5, 28, 70. 

3. K, P. 22327, 1803; abst. J. S. C. I. 1804, 13, 251 

4. U. P. 1421.5, 1804; abst. J. .S. C. I. 180,5, 14, 0.57. 

.5. K. P. 14221. 1805; abst. J. S. C. I. 1800, IS, .544, 

0. li. P. 22512, 1800; abst. J. S. C. I. 1807,18, 013. 

7. I-:. P. 27200, 1011; abst. J. .S. C. I. 1012, 31, 488. 

8 . K. P. 041.5, 1000; abst. C. A. 1000, 3, 3001. See also li. P. 20278, 
1004; abst. J. S. C. I. 100.5, 24, 100. H. P. 2.380, 1012; abst. C. A. 1013, 
7. 24.57. 

0. D. R. P. 10145, 1880; abst. Wag. Jahr. 1880, 28, 235. , 

10. E. P. 16220, 1808; ahst. J. S. C. I. 1800, 18, 275. D. R. P. 100247; 
abst. Zts. ang. Chem. 1000, 13, 352; Chem. Ztg. 1000, 24, 425; Wag. Jahr. 
1900, 48, I, 329; Mon. Sci. 1001, 57, 17; 1907, 87, 133. See Alkali Insp. 
Rep. 38, 128. 

11. U. S. P. .349414, 1886; abst. J. A. C. S. 1880, 8 , 237. See also A. 
Rappoia and E. Leith, U. S, P. 260414, 1882. 

12. E. P. 2.5.526, 1913; abst. C. A. 101.5, 9, 1229; J. S. C, I. 1014, 33 
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the Kabrique de Scic Artificielle dc Tubize,' A. Bernutat,^ P. 
Pfannenschmidt,’ J. Leitch/ T. Kilroy,^ and J. Harris.® 

Mackenzie’s beakers are formed of basins with tubular pockets 
fitted internally with a loose circulating tube. The edge of the 
basin is curved inwards to prevent splashing. 

F. Brown and the United Alkali Co.' use basins with two 
spouts. The inlet spout of each basin rests on the edge of the 
seating of the basin next above, and the outlet spout rests in the 
inlet spout of the basin next below. 

J. Carmichael and F'. Guillaume" use basins fitted with de¬ 
vices for discharging the acid mainly from the bottom of the 
basip. The device is separable from the basin, and consists of 
a half tube, preferably of semi-cirailar section, curved so as to 
lie with its edges against the sides of the basin, and extending 
from the bottom of the basin up to, over, and Ijcyond the lip. 

R. Uennox'-’ uses a heated inclined tube with notched weirs, 
down which acid flows. S. Tungay and G. Haughton'® employ 
square or oblong trays, with longitudinal or transverse channels 
or corrugations, to expose more heating surface. The trays may 
be made of any suitable material. J. Mackenzie" prefers Field 


12(17; CIKIII. ztg. Uep. I!>1'>. 39, 21!l. Iv. 1*. UH.'!; abst. C. A. l!ll.7, 

9, 1221); J. .S. C. I. I!)I4, 33, 1207; Clicm. /Ak. Rep. lOl.'l. 99, 211). 

1. H. P. KKimi, im.'i; abst. J. .S. C. 1. 11)10, 35, .737; Ann. Rep. Soe. 
Chem. Iml. 11)17, 2, ISO. Swed. 1'. 41077, 11)10; abst. C. A. 11)10, 10, 3141. 
F. r. 471)320. l!)ir>; abst. J. .S. C. 1. 11)10, 35, 1010; C. A. 1910, 10, 2281. 

2. I). R. P. 281133; abst. J. S. C. 1. 191.5, 34, Oil; Zts. aug. Chem. 
191.5, 25, 83; Chem. Zentr. 191.5, 86, I, 170; Chem. Ztg. Rep. 1915, 39, 11; 
Ami. Rep. Koe. Ind. 1910,1, 111. 

3. I-:. P. 1.3042, 1914; abst, C. A. 1915, 9, 3.337; J. .S, C. I. 191.5, 34, 
798. See also G. SielaTt, D, R. P. 0780.3. 71.580; abst. Wag. Jahr. 1893, 
39, 370; Zts. Chem. 1893. 6, 299, 708; Ber. 189.3, 26, .558; 1894, 27, 146. 

4. li. P. 149.5. 1915; abst. J. .S, C. I. 1910, 35, .308; C. A. 1916. 10, 
1910. U. P. lotxil, 1915; abst. J. S. C. I. 1910, 35, 089; Ann, Rep, Soc. 
Ind. 1916,1, 112. Swiss P. 7444.3; .abst. Chem. App. 1919, 6 , 66; C. A. 1919, 
13, 2974. India I>. 2423, 1910. 

.5. U. S. P. 1211.594; abst, C. A. 1917, 11, 1024; J. S. C. I. 1917, 36, 
214; Ann. Rep. Soe. Chem. Ind. 1917, 2, 180. 

0. 15. P. 772.8, 1912; abst, J. S. C. I. 191.3, 32, .30.3; C. A. 1913, 7, 2999; 
Chem. Ztg. Rep. 1912, 36, .5.50, Ct. J. Morgan, E. P. 1276.52; abst. J. S. C. 
I. 1919, 38, .575-A; C. A. 1919, 13, 2421. 

7. K. P. 110183, 1910; abst. J. .S. C. I. 1917, 36, 1227. 

8. E. P. 1.5678, 1913; abst. J. S. C. I. 1914, 33, 919. 

9. K. P. 19573, 1912; abst. C. A. 1914, 8, .5.57; J. S. C, I. 1913. 32, 934. 
10. E. P. 114072, 1917; abst. J. S. C. 1, 1918, 37, 260-A 


II. 
7,869, 


E P. 2389, 1912. See Chem. Trade J. 51, 459; abst. C. A. 1913, 
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tubes, such as have been used in steam lioilers, for omstnietinR 
cascades. They are made of quartz or silicon-iron. 

Vitreosil apparatus has Ik-cu discussed by \V'. Ma.son,' A. 
MarshalT,- and the English Alkali Inspector.'’ 'I'ne latter gives 
tables which w'ill enable a cascade plant to be designed, of various 
materials, for any jiarticular purjiose. The data given by the 
finns interested is probably not so useful as this. I'or instance, 
the fuel consumption may be given for a concentration range well 
outside that needed, and it is well known that the fuel is highest 
for the last stages of the concentration. 
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1. Met. Chem. Kiig. JDITj, 7; abst. J. S. C. I. 34, Ann. 
Rep. Soc. Chem. Ind. 1910.1, 111. 

2. Met. Chem. Kng. 1915, 33| 130; abst. C. A. 1915, S, J372. 

3. Alkali Insp. Rep. 1914; 1915; abst. Chem. Trade J. 1910, 59, 303. 
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TABLE LXVII (Concludnl) 

CASCADE PLANT AND CONDENSERS WITH PREHEATERS 
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The Gaillard Tower. The most successful apparatus yet 
introduced for the concentration of sulfuric acid on the large 
scale is without doubt the Gaillard tower.* This works on an 
entirely novel principle, which is both simple and ingenious. The 
apparatus consists of a vertical empty tower, of volvic lava or 
acid-resisting bricks, from the base of which a current of hot gas 
from a coke generator is directed upwards. Meeting this current 
of gas is a fine spray of acid to be concentrated, which is delivered 

1. A. ('.aillard, K. 1*. mil, 1005; abst. J. S. C. I. 1906, 25, 638; 
Chcin. Ztg. Rep. 1907, 31, 207. K. P. 12.5.38, 1906; abst. C. A. 1907, 1, 
K140: J. S. C. I. 1907, 26, 201. U. S. P. a56048; abst. Mon. Sci. 1908, 65, 
20. U. S. P. 8.59757; abst. Chem. Ztg. Rep. 1907, 31, 4.33; Mon. Sci. 1908, 
65, 49. U. S. P. 859769. D. R. P. 192155; abst. Zts. ang. Chem. 1908, 21, 
796; Chem. Zentr. 1908, 75, I, 315; Jahr. Chem. 1905-1908, I, 1616; Wag. 
Jahr. 1907, S3, I, 339; Chem. Zts. 1908, 7, ,5.39. D. R. P. 20.5912, 1908; 
abst. C. A. 1909, 3, 1805; Zts. ang. Chem. IIHW, 22, 648; Chem. Zentr. 1909, 
60, I, 801; Jahr. Chem. 1909, 62, 488. F. P. 359442; abst. C. A. 1907, 1, 
630; Mon. Sei. 1906, 65, 140; Chem. Zts. 1906, 5, 135; J. S. C. I. 1906, 35, 
374. F. P. 367376, 1906; abst. Mon. Sci. 1908, 65, 73; Chem. Zts. 1906, 
5,54.5. F. P. 390807, 1908. Aust. P. 27339, 27691, 30457. Belg. P. 188081. 
1905; 192889, 1906; 208289, 1908; 255536, 1913. Swiss P. 39050, 1907. In 
this connection sec also Chem. Trade J. 42, 00. G. Ldttgen, Chem. Ztg. 
1910, 34, 24. K. Recke, Chem. Ztg. 1910, 34, 173, 182; abst. C. A. 1910, 
4, 1528. ‘A. Hutin, Rev. Chim. Ind. 1918, 27, 49; abst. C. A. 1918, 12, 
1816. Stokenwald, Zts. ang. Chem. 1910, 23, 1976. A. Dflron, Zts. ang. 
Chem. 1910, 23, 2307. A. Hutin and G. Pasque, Rev. Chim. Ind. 1918, 27, 
174; abst. C. A. 1919, 13, 1622. 
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down the tower from sprays in the roof, hiach fine drop of acid 
is exposed to the influence of the current of dry hot gas, and loses 
moisture rapidly. The drops of concentmted acid falling to the 
bottom of the tower are received in a strong lead saucer, like that 
of the Glover tower, where they coalescx.', the liquid acid running 
away to a ctxiler. The hot moist gas from the top of the tower, 
which is taken away by a large lead main from the side, carries 
with it a dense mist of very fine droplets of aciti, which must be 
recovered. It is first passed through an empty smaller lead tower, 
called a recuperator, down which part of the acid to be sent to 
the main tower is sprayed, and then passes to eoke-box filters. 
A considerable improvement in the apparatus is the deposition 
of the acid mist by electrostatic preci|)itation - the so-called Cot¬ 
trell methcxl. 

The earlier Gaillard tower arrangement corresponds roughly 
with the outline description given above. In this, the producer 
is charged with coke and is :i m. high, 1 m. long, and 2..S m. wide. 
The Gaillard tower itself, is I.').,') m. high, and consists of 1.') rings 
of volvic stone, set one above the other without mortar, Ivach 
ring consists of ,S lava blocks, clamjx-d by lead-covered iron rings. 
The blocks have V-shaped grooves, forming channels when two 
blocks are laid together. 'I'hese channels are filled with ))utty 
formed of water glass and volvic powder. The tower at the 
bottom has an inner width of 1.70 m., at the top, but owing to 
the diminishing thickness of the walls, the width is 2 m. The 
thickness of the walls is -l.'iO mm. at the bottom rings, 100 mm. 
at the fourth rings, 2.'j() mm. at the three following rings, 200 mm. 
at the three following, and 150 nim. at the four top rings. The 
top of the tower is formed of four plates of lava, with an inlet 
for spray nozzles and a 500 mm. outlet for waste gases. The 
bottom of the tower is formed by a tray, 400 mm, high, with 12 
outlets for the hot, strong, acid, and is cooled by a tubular cooler, 
SO m. long, placed in the bottom tray round the tower. 

The recuperating tower is of lead, 4 mm. thick, lined wiyi 
SO mm. stoneware plates. It is S or 10 m. high, 1.51 m. wide 
outside, and 1..34 m. wide inside. It is stippKirted in a wooden 
or iron frame at such a height that its top is flush witti the sum¬ 
mit of the main tower. At the top are two spray nozzles and at 
the bottom an outlet for acid. The recuperator is connected 
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with the main tower by a Volvic or stoneware pipe O..") m. wide, 
entering near the bottom. 

After the remperator, is the coke filter, a lead box covered 
outside with wood, 3 mm. thick, .3 m. high, 7 m. long, an5 "> m. 
wide. The gases enter at the top and pass through graded coke 
resting on acid-proof bricks. The size of the coke varies from 
(iO-100 nmi. at the bottom to 5-1.5 mm. at the top. The gas is v 
aspirated through the whole system by a fan. 

The method of using the apparatus just described is as fol¬ 
lows: The producer is charged every two or three hours with 
coke of 40 mm. size, which should be dry and free from non- 
coked coal, as the smoke will impart a brown color to the acid. 

The producer gas meets secondary air preheated by a firebrick 
grating, and the flame enters into the bottom of the tower. The 
acid spray is pnxlueed by a nozzle and air compressed to 1 '/o 5 
atm. The concentrated acid flows through a cooler in the bottom 
tray, while the gases leave the top of the main tow.er and enter the. 
recuperator at UH)“- 200°, and the acid mist is partially deposited 
to acid of .57° B^. The gases then ])ass through the coke filter 
to the fan. 

(laillard guarantees the following results with his system, 
starting with chamber acid of .5-1 ° Be.: 


PrfHhiclioii 
111 24 ^fou^s 

4 to f) tons 

5 to 10 tons 
tlO tons 


VercfiitfiKe 
in Acitl 
rVoducfii 

(H)'’ Ik'. 


Consumption 
of Coke Per cent, 
of Acid Produced 

20-2r> 

R-12 

:k45 


The great increase of fuel for production of strong acid, 
previously referred to in connection with the cascade system, is 
here quite apparent. 

In ea.se of acids forming crusts of ferric sulfate, Loewy and 
Klagsbnmn' collect the hot acid in an acid-proof dish at the base, 
tom which it flows to an outside settler. This is a very obvious 
method of working, and is generally used, as will be described 
later. A. DUron- enriches the acid by SOi formed by dissociation 
by means'of heated air, the waste heat of which is utilized in the 

1. Aust. P. Anm. A-0792, 190i». 

2. F. P. t;)0l4.5; abst. Mon. Sci. 1913, 79, 127. 
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recuperator. The Swedish Kitro Syndicate** and If. Klink’ use a 
packed tower. 

l*he high pressure harei lead fans of Kestner are now largely 
employed in connection with ('laillard installations.' Instead of 
a coke producer, O. Zahn’s' high-pressure gas producers nuiy he 
used. 

The (>aillard tower was adoptesl in the large Hritisli acid 
plants at Queen’s Ferry and ('iretna,’’ hut in a e-onsiderahly im¬ 
proved fe)rin. It was larger, Iniilt of acid-resisting hrie'ks, specially 
shaped and set with silicate mortar, anel the gas outlet was not 
through the dome, but from the side at the tt)p. The acid was 
collected in a large lead dish at the base of the tower, from which 
it ran to mud settlers, and cooling spirals, ('laillard’s method of 
cooling in the base of the tower was abandoned. .\ brief <tiescrip- 
tion of the new towers is given by J. Partington." It is there 
stated that a tower (id ft. high and ft.-diameter produces Id 
tons of acid per 21 hours, with a loss of d' ,' 5'’;. 

The consumption of coke is 1' ; 2 cwt. per ton of strong acid. 
The tubtdar scrubber flescribed is no longer used. Details of 
the Gretna installation are given in the next topic. 

In later towers, the loss has been reduced to less than I'. j . 
Much trouble was experienced by corrosion of the lead mains 
leading the hot gases from the top of the tower. 'Fhese might 
be replaced by stoneware mains, as in the original Gaillard tower.’ 
'I'he single spray jet at the top of the tower was replaced by three 
powerful Koerting jets of hard lead, and a large Kestner fan was 
used to draw' the gases through the aiJparalus. 'I'he fan at 
Queen’s Ferry was the largest of its kind ever erected. It wa,s 

1. 1-. P. I().")!d, dM)!l; alisl. J. S. C. I. I'dO. 29, KK. I‘. P. 4()207K; 
abst. J. S, C. I. IWHI, 28, 11(17, 

2. U. ,S. P. 127<)a77; abst. C. A. lids. 12, 21:!:i; J. S, C. I. IIMS, 17, 

o.m-a: 

a. R. Torster, Chein. Ztg. P.110, 34, 7.’M; al>st, Chem. Zeiitr. 11(10, 81, 
II, .504. 

4. I). R. P. KKKiOO, 2:i72.1H; alist. Wag. Jahr, lOOS. 54, I, 144. • 

5. Sec Kxptl. Rep. 70. 77, 11.t, H. M. Kaetory Oretiia (DDriioek). 

0. "The Alkali Industry,” lOIK, 

7. For further infurmatiun regarding the (laillard system consult 
A, Hofmann, Zts. ang, Chem. lOlO. 23, .'1122. Similar systems are descrilted 
by H.,Harris, E. P. 7728. 1012. J. Harris and D. Thomas, R. P. 2.-t414, 
1914. E. Arnnstrong, J. Ind. Eng. Chem. 1017, 9, .180; abst. J. .S. C. I. 1917, 
36, 501. E. Froid. V. S, P. 8.507.57; abst. C. A. 1907, 1, 2700. H, Bach, 
Chem. Ztg, 1910, 3^, 267; abst. C. A. 1910, 4, 1.198. 
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found that concentration of the acid occurred as soon as the 
drops entered the tower, as the condensate in the outlet main was 
practically the same stfength as that in the saucer. If th^ tem¬ 
perature of the gases entering the recuperators was kept low 
(180°-190°), so that no acid need be run down, it was found that 
80% acid condensed. In making 02%, about 5% of the total 
acid charged to the tower appeared in the recuperator. 

'The .serubbing of the mists from the Gaillard towers is a 
problem not conhned to that type of apparatus, so that it is left 
to a later section. It may be said that the most efficient system 
yet used is that of electrostatic precipitation. 

Gaillard Towers at Gretna Plant. From the exhaustive 
report of V. Gloag and J. Riley, the following facts in respect to 
the Gaillard installation at H. M. Explosives Factory, Gretna, 
Scotland, are taken. 

The plant comprizes two houses of eight independent units, 
each consisting of (a) Main tower; (b) Recuperator; (c) Scrubber; 
and (d) Fan. 'fhe units in each house deliver into a separate 
fume main leading to the Cottrell precipitator (sec p. 1393). 

Main Tower is 47' high from the base to the springing of the 
dome, and is built of concentric rings of joggle-jointed, acid-proof 
blocks, 3" thick, bound together by mild steel hoops 2" apart. 
The lower 13' 6" of the tower is K' (i" intcnial diameter and con¬ 
sists of six rings; the internal diameter of the rest of the tower 
being 9' (i"; 'riic next 10' .j' consists of rings only, after which 
follows 11'8" with only 4 rings, and the remainder of the towers 
with 3 rings. The reduction in number of rings is made by com¬ 
pleting the outer ring with a bonder course. 

The floor of the tower is sloping, and discharges into a cylin¬ 
drical mud-box, 4' (i" diam. and 4' 0" deep, built of acid-proof 
blocks. An opening x 2' 2" at the base of the tower, just 
above the mud-box, and normally closed by a loose slab, enables 
sludge to be raked from the floor of the tower. Both tower and 
sludge-box stand in a dish of 30-lb. lead. The original run-offs 
from the sludge-boxes were at first constructed of cast iron, but 
on account of their rapid disintegration, have been replaced by 
Narkl run' offs. 

Tower Dome. This springs from a springer block course, 
and is struck to a radius of 7' 5’, having a 24' outlet, and pockets 
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for the atomizers or sprays, the number beiiiK originally five, 
which was subsequently increased to nine. The life of a dome 
is in^mately connected with its treatniAt. A positive gas pres¬ 
sure on the dome means leakage of gas, sweating of acid and 
failure of dome. This has been obviated by elimination of throt¬ 
tling in the down take from the tower, which results in a suction 
at the top of the tower. 

Tower Off-taLxs. .\fter leaving the main tower, the gases 
are led to the base of the recuperator by means of a 2' diameter 
acid-proof, stoneware pipe, covered with S ib. lead, the piiK‘ 
standing in a brick base. 'I'lie 21" off takes are taken centrally 
from the dome and led into the top of the rectiperators, a sjiecial 
brick dome being fitted to rccei\’e it. A concurrent flow of acid 
and gas thus exists in the reciqx'rator. 

The off-take has been erected both in Narki and lead-cov¬ 
ered pottery, the Narki pipes being about thrice as expensive, 
but possess the advantage over pottery in that cracks do not 
appear resulting in leakage of hot acid. 'I'hc main advantage of 
these takc-olTs is: 

(a) Complete ab.sence of throttle to flow of gases. 

(b) When the slope of the off-take is increased to d', 2 " to the 
foot, this assures that any acid condensing in the off-take will 
readily drain into tin- recuperator, instead of remaining in the 
off-take, and ultimately finding its wav through the cracks to 
the lead work. 

Recuperator. 'fliis consists of a lead-covered tower 20'iS", 
high and o' external diameter, built of acid-proof blocks, the 
lower 14' 4" consisting of two rings, and the remainder of one 
ring, the lower part having an internal diameter of 4', and the 
upper of 4' fi". The whole is built of a base-plate of acid-proof ‘ 
blocks standing in a lead saucer, the bottom course being con¬ 
structed so as to allow the acid to overflow into a launder at a 
level of 2'// from the base of the tower. The top of the gt- 
cuperator has four atomizer holes. 

The main sources of trouble in connection with the recupera¬ 
tors are: ' • 

(a) I.A?akages at the base in the pottery junction pipe from 
the main tower down-take, which may temporarily f)c overcome 
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by burning a lead fender between the recuperator and the base 
block of the down-take. ^ 

(b) Leakages in the first 10' from the base, due to thetexis- 
tence of an inner lining of tiles up to this level. The acid work¬ 
ing behind this, ultimately makes its way through to the lead 
work, making necessary the repointing of these points. 

'fhe gases are led from the recuperator through a 15" outlet 
into a lead conduit, expanding to 24", to the bottom of the scrub¬ 
ber, this recuperator off-take giving considerable trouble. Pot¬ 
tery bends have been found much more satisfactory than those 
constructerl of lead. 

Scrubber. Consists of a 30' X 10' x 11' box, lined with 10-lb. 
lead, and' supported by the necessary wood-work. Gas enters 
the end pf the scrubber at the bottom through an opening 4' 0" 
X 15", and leaves through an IX" diameter outlet in the top cover. 
In some instances the gas is introduced into the scnibber through 
a 24" pipe, which passes through the top and discharges at the 
bottom of the scrubber. lixperience shows that there is a ten¬ 
dency for the down-take to develop holes immediately under the 
scubber top, thus short-circuiting the gas, with resulting poor 
scrubbing and the development of high temperatures. 

The bottom of the scrubber is covered with acid-proof tile 
on which brick grid-work is built, to carry the coke and obtain 
even distribution of gas. As the coke is filled in, the scrubber is 
lined with 1'/j" tile to a height of about (!'. After carefully filling 
the spaces left by the checker-work with large coke, the main 
filling is packed with 8" to 1 ‘,' 2 " coke, the remainder, with screened 
cobe varying uniformly from I'/." at the bottom to ’// at the 
top. If available, coke as fine as is recommended. 

To reduce the temperature at the fan, and thus obtain in¬ 
creased output, the flooding of scrubber tops has been resorted 
to, a cooling of 15°- 20° being thus obtained. 

Fans. The gases are drawn through an IX" main from 
the top of the scrubber to the Kestner, high pressure, belt-driven 
^ans, which deliver them through an IX" diam. conduit into the 
Cottrell flues. The fans in operation are the 10" and 21" types. 
Fans of the former size have an average life, after carefuL bal¬ 
ancing, of 0 months at 1500 r. p. m., while the average life of 
the 21' fans have been 2 months at 1000 r. p.^m. 'fhe usual 
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cause of break-down has been the “sprinKinK” of the blades, the 
reason being the composite nature of the impeller, the blades 
being bolted on to the boss. • 

Furticu-c. The producer gas is drawn from the 3' x 4' main 
flue through a water seal valve, to the furnace flue 2' x 3', and 
passes through an .S" muslmMiin valve to the furnace. Here it 
meets with the primary air. and is burned in a combustion cham¬ 
ber 5' ()" X li' X 4', through two’gas ports b" x 4' and is drawn 
up a canister 4' x 3' (i" X b' high, filled to a height of I' !)' with 
checker brick work. Just before entering the canister, the gases 
admix with the secondary air, which enters between the secondary 
arch and the main furnace arch. The entire structure is sheathed 
in steel and lined with firebrick. .\ir is admitted separately from 
the gas, and the third central gas v.ilve is adjusted so as to main¬ 
tain a dull red heat on the ciiecker work through whie^i all air 
is admitted. No unburned C<) lias been determined in the burned 
gases. 

Acid Circiihilioii. Weak acid from the denitrated acid tanks 
gravitates through a li’' lead line to two houses, each Ix-ing sup¬ 
plied by a 4" line, and this again divides into two 3" lines, which 
feed the blow casks, S for each house. Tliese are IS' li' long and 
4' 2" inside diain., built in 3 sections and lined with 12 lb. lead. 

'I'he acid is blown from the eggs by air at a pressure of SO 
lbs. per sq. in., through 1' ■/ rising mains, to the atomizers at 
the top of the towers. 'I'wo eggs supply each pair of towers, one 
egg filling, and one egg blowing, the recuperators being fed from 
these eggs at the same time. 'I'lie acid passed down the main, 
tower in tfie form of mist is concentrated by the hot furnace gas, 
and finally delivered through the sludge-box to the cooler, 'fhe 
original design consisted of a cylinder 3' 2" internal diam. and 
3' 11" deep, made of cast iron 1" 1' -i" thick, to which is fitted a* 
steel water-jacket, 3' 11' V' diam. and 3' I" deep. 'Hiree con¬ 
centric 1" lead cooling coils arc fitted in the ciMiler 14", 23" and 
112" in diameter, giving a cooling surface without the jacket^of 
113.') sq. ft. 

'fhe acid leaving the coolers is stored in one of the 12 storage 
tanks, of which six are attached to each house. Theje are 20' x 
12' * 3' deep, consisting of 12-lb. lead supported by a w<x)den 
framework. Each tank has a 2" outlet, from which the acid 
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passes to two 10" Rejs Roturbp pumps in each house, which 
deliver the add along steel mains to the storage tanks of the acid 
mixing plant. 'Fhe acid*from the recuperators is collected in a 
cooling launder, and led through coolers to the recuperator acid 
tanks. 

Concenlratidn by Electricity. In places where electric power 
is cheaply generated, say by water power, there should be sonre 
possibility of effecting the concentration of sulfuric acid by run¬ 
ning it in thin layers over grids heated by a current. If the 
grids are not insulated an alternating current would be used to 
prevent electrolysis. A. Bucherer* computes that, for the pro¬ 
duction of 1 metric ton of acid of 06° B6. from 1170 kgm. of acid 
of 00° Bd., 442 electrical H. P. H. will be required. C. Hausser- 
mann and F. Niethammer^ find by experiment that very much 
more energy than the above is actually used. .S. Peuchen and 
P. Clarke’ advocate revolving or stationary electrodes for the 
purpose. U. Wacker’ and S. PaglianP also propose electrical 
methods. 

Concentration in Vacuum Pans. A method of concentrating 
sulfuric acid in vacuum pans has been described by A. de Hemp- 
tinne,* but, it is understood, was not successful. In the apparatus 
of G. Krell,’ the acid enters a lead pipe stiffened inside by dia¬ 
phragms, heated in an oil bath. The acid passes through in a 
zig-zag course, and hot gases may be introduced by a perforated 
pipe. Some of the diaphragms are perforated only under the 
acid, and divide the vapor space into three compartments, con- 

' 1. Chem. Ztg. 18!);!, 17, 1.5!)7; abst. J. S. C. I. 18!)4, U, 24'J; Jahr. 

Chem. 189.3, 46, 313. 

2. Chem. Ztg. 1893, 17, 1907; abst.'J. S. C. I. 1894, 13, 391; Jahr. Chem. 

1894, 47, 408. 

3. E. P. 24739, 18a3; abst. J. S. C. I. 1894, 13, 2.11. 

'■ 4. E. P. 3183, 189.5; abst. J. S. C. 1. 1895, 14, 484; Jahr. Chem. 1897, 

50, 614; Chem. Ztg. 1896, 20, .591; Mon. Sci. 1897, SO, 30. 

5. Ann. Chim. Appl. 1918, 10, 134; abst. C. A. 1919, 13, 994; J. S. C. 
I. 1919, 38, 171-A. 

0. Bull. Musee Ind. Bclg. Jan. 1882. 

" 7. D. R. P. 118880; abst. Zts. ang. Chem. 1901, li, 42;!; Chem. Centr* 
1901, 72, I, 865; Jahr. Chem. 1901, 54, 242; Chem. Ztg. 1901, 25, 381; Wag. 
Jahr. 1901, 47, 1, 412. D. R. P. 166.557, 176994; abst. Zts. ang. Chem. 1906, 
10, 1943; Chem. Centr. 1906, 77, I, 418; Jahr. Chem. 1905-1908, I. 1615; 
Wag. Jahr. 1905, 51, I, 396; Mon. Sci. 1907, 67, .58; Zts. Schiess. Spreng. 
1906,1, 49. F. P. 363804. Aust. P. 21305. Belg. P. 145168, 1899; 177734, 
1904. See also D. R. P. 83540; abst. Wag. Jahr. 1895, 41, .394; Chem. Ztg. 

1895, IS, 2084. 
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nected through to a conunon vaaium.piixj. Coolers are pro¬ 
vided to condense acids of different strengths. A preheater of 
obvious construction is provided. So •far as aware, this appa¬ 
ratus has never been used. 

The cast iron vacuum retorts successfully used in Gennany 
for concentrating sulfuric acid weigh about 7 ','2 tons. The re¬ 
duced temperature in these retorts renders them suitable for 
treating the impure acid fonned in petroleum refining, when there 
is less loss as ,SO.> than in open pans. The organic matter is co¬ 
agulated and can be filtered off through sand 2 \. Cocking and 
G. Kynoch & Co.' also use cast iron vacuum retorts for concen¬ 
trating waste acid from nitroglycerol. The Kommanditgesell- 
schaft L. Kaufmann & Co.- concentrate .sulfuric acid in a cast iron 
vacuum still by means of a steam jacket or gaseous fuel. The 
acid is propelled in thin layers, 10 1.') mm. deep, by‘means of 
stirrers over the heating surface. 'I'he Norsk. llydro-Ivlcktrisk 
Kvaelstof. A. G.’ employ a series of vacuum stills on the tubular 
principle, in the -first of which the acicl is brought up to 00%- 
()'.)%, in the second to To',', and in the third to TO'c S().i. 1-'. 

Girod and the Graflich von I.andsberg-Veleii und Gemensche 
Chemische Fabrik, Berg-und Htittenwerke,^ concentrate in lead 
pans to about 01° B^. at a temperature of ir>0°- 100°, and then 
atomize the acid in a tower at a reduced pressure, preferably about 
120 an. Ilg. The acid is collected in lead pans arranged in cas¬ 
cade and heated by hot air. J. Patten'’ feeds the acid succes¬ 
sively through a series of lead-lined chambers heated interiorly 
by steam coils and in which a vacuum is maintained to distil off 
the water at a low temperature. The patent relates especially 

1. E. P. 288i»l, 1S!«); al)st. J. S. C. I. 181)7,1*, 1040. 

•J,. D. R. P. i:?477;i; abst. Zts. ani;. Chem. 11H12, 15, 101)8; Chcni. 
Centr. 1902, 73, 11, 1022; Clietn. Ztg. 1902, 26, 986; Wag. Jahr. 1902, 48,, 
I, 809; Mon. Sci. IDOl), 59, 7.1. Concentration in lead pans under vacuum 
is described by J. Meyer, D. R. P. 71-580; abst. Wag. Jahr. 1898, 39, 375; 
Zts. ang. Clicm. 1898, €, 707; Wag, Jahr. 1898, 39, 875. • 

8. D. R. P. Anm. N-1.5481. E. P. 4749!)5, 1914; abst. Chem. Ztg. 
1916, 40, 146; Mon. Sci. 1916, 83, 88. K. P. Appl. 1687, 1919; abst. S. 
•C. I. 1919, 38, 94-A. 

4. F. P. 482873, 1911; abst. J. S. C. I. 1912, 31, 127; Mon. .Sci. 1913, 
79, 130. Bclg. P, 2.37785. 1911. Aust. P. Anm. 6788/11; abst. Chem. Ztg. 
1913, 37, 76. See also F, Girod, E. P. 171.58, 1011; F. P. 432873, 1911; 
abst. J. S. C. I. 1912, 31, 127, 335; C. A. 1918, 7, 403; Chem. Ztg. Rep. 1912, 
36, 380; Mon. Sci. 1913, 79, 180. 

5 U. S. P. 1286080, 1286188; abst. C. A. 1919, 13, 2.50; J. -S. C. I. 
1919, 38,_7I8-A. 
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to constructional details for supporting the upper part of the lead 
lining to prevent its premature destruction. 

The Manufacture of Monohydrate. Monohydrate, or 100% 
HjS 04 , has already been described. W; Mayers* proposed to 
pass burner gas through sulfuric acid so as to dissolve the SO* 
in the latter, and bring up its strength. G. Lunge'* proposed to 
separate crystals of monohydrate from C. O. V. by freezing the 
latter. The process was worked for many years’ in England, 
France and Germany, but was abandoned with the introduction 
of the contact process. By this latter method SOs is made, which 
may be added to C. O. V. to bring it to exactly 100% strength. 
Freezing methotls have also been described by H. Osterberger 
and K. Capclle,* M. Morance,’ and A. Donk.‘ 

'The modem process is ascribed to H. Weber’ and consists 
in passing SO 3 into sulfuric acid. A Diiron* decomposes H.i.S 04 
by heat into SG.i and ILiG. The fonner is absorbed in cone. 
H»S 04 . C. Daub and J. Deuthcr® describe a reaction apparatus 
for the contact process. 

Concentration in a Current of Gas. J. Stoddard'" and J. Gal- 
letly " projwsed to assist the evaporation of water from acid heated 
in lead pans by forcing a current of cold air through the acid. 
The use of hot air was first applied by Gossage in 1S.50, who used 
a double shelled lead tower with ati air space between the shells. 
'Flic tower was packed with pebbles, over which the acid trickled, 

1. li. P. 12(11, 187S; nbst. J. A. C. .S. 187(1, 1, aiB; Wag. Jalir. 1871), 
25, 287. 

2. ]•;. P. 0(1, 188:!; abst. J. S. C. I. 188'!, 2, 114; Wag. Jahr. 1884, 30, 
200. .See also J. Brock, H. P. 44:!l), 1887; abst. J. S. C. I. 1888, 7, 209; Chem. 
Centr. 1888, 59, 880. 

..3. See Cosmos. 1909. 60, 414. 

4. Ball. ,soc. iiid. Rouen, 1889, 17, 307; abst. J. .S. C. I. 1800, 9, 
390, 507. 

5. Compt. rend. UXKI, 149, 842; abst. C. A. 1909, 3, 1013; J. S. C. I. 
•loot). 29, 520. 

(i. Chem. Weekblad, 1013, 10, 0.5(i; abst. C. A. 1014, 9, 102(1; Chem. 
Zeiitr. 1014, 95, 1. 105. 

7. U. S. P. 123302(1; abst. C. A. 1017, 11, 2001. 

8. F. P. 4.30145; ahst. Mon. Sci. 1013, 79, 127. 

•9. K. P. 9530, 1902; abst. J vS. C. I. 11K)2, 21, 1138. • 

10. Chem. News. 1871, 23, 107; abst. Poly. Centr. 1871, 37, 914; Chem. 
Centr. 1871, 42, .3.'>4; Chem. Tech. Rep. 1871, 10, I, 130; Dingl. Poly. 1871, 
200, 419; Jahr. Chem. 1871. 24, 1010; Wag. Jahr. 1871, 17, 220. Sec also 
F. Bode, Dingl. Poly. 1871, 201, 45. 

11. Chem. News, 1871, 24, 100; abst. Chem. Centr. 1871, 42, .602; 
Chem. Tech. Rep. 1871. 10, II, 120; Dingl. Poly. 1871, 201, 5,38; Jahr. Chem. 
1871, 24, 1010; Wag. Jahr. 1871, 17, 227. 
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while a current of air, very strongly heated in iron pii)es, passed 
upwards through the tower. A similiy apparatus has been de¬ 
scribed by M. Cotelle.' Other types of ctmccntrators, based on 
this principle, were described by S. McDougall,- the International 
Vacuum-Eismachinen-Vcrein,^ R. I'inch,^ Iv. Eonteiiille,'’ J. Grid- 
ley,' F. Falding,^ W. Quinan' and G. Oavis.' 

The first really successful apparatus based on this principle, 
which has been largely used, is that t)f J. Kessler,'" and has been 
installed in a number of works, being probably the best type 
unless large amounts of acid have to be dealt with, when the 
Gaillard tower is undoubtedly to be preferred. 

The conditions to be satisfied in the apparatus are as fol¬ 
lows: The current of heated gas must be brought into intimate 
contact with a .surface of liquid sufficiently large to cauKc a rapid 
reduction of temperature of the gas. The air or gas then be¬ 
comes completely saturated with moisture and acid vapor. The 
apparatus must resist the action of the hot gas and acid, and the 
crusts which inevitably form must be capable of being removed 
without difficulty. Under these circumstances the acid may be 
concentrated far below its boiling point. In order to ]jroduce 
acid of strength, boiling at a temperature of 170° - 

1 X0° is sufficient, while for the most concentrated acid, boiling 
at .'120°, the temperature need not exceed 200 ° 2.'i0°. 

The Kessler apparatus in general, cennpri/.es the following; 


1. Mon. ,Sci. 18(W, U, Iki; ahst. Clum News, IStH), 20, 107; J. t’liariii. 
18(>y, (4). 10, 22; Jahr. Chein. IWi'.l, 22, M«0; Wax. Jalir. IWiM. 15, hill. 

2. t:. S. P. 2«a2!«; abst. Wax. Jalir. 18H4, 30, 2!«». • 

:i. D. R. P. ;i;tl72; abst. Wag. Jahr. 188.5, 3L t).51. 

4. U. P. 2207, 18811; abst. J. .S. C I. 1887, fi, 210; J. Soc. Dyers Col. 
1880, 2, 4!». .See also C. harbiaux, Belg. P. 2.'1:1.58 j), 1011. 
n. D. R. P. .•177i;i; abst. Wag. Jahr. 1887, 33, .508. 

(1. tl. S. P. 240248; abst. J. A. C. S 1881, 3, (10. 

7. I!. P. 17(102, ISO.’i; U. S. P. .541011; abst. J. .S. C. I. 1803, 12, ia32;* 
Mon. vSei. 1894, 44, 018. 

8. U. S. P. 099011; abst. J. .S. C. 1. 1902, 21, 772; Mon. .Sci. 1902, 58, 


179; Chem. Zts. 1903, 2, 8. 

9. K. P. 128396; abst. C. A. 1919, 13, 2977; J. S. C. I. 1919, 38, 484-A, 
• 10. E. P. 1921.5, 1891; abst. J. S. C. I. 1892, 11, 434. K. P. 26169, 
1898; abst. J. S. C. I. 1900, IS, 246. E. P. 21370, 1900. Cl. Alkali Insp. 
Rep. 38, 74, 146. Au.st. P. 80.5,5, 1(K)2. Sec also Alkali Insp, Rep. 1903, 
48, 24; 1004, 41; 1905, 42, 20; 1910, 47, 17; 1914, 191.5. Mon. Sci. 1904, 81, 
557. D. R. P. 69216; abst. Wag. Jahr. 1893, 39, 376. F. ft 283762 and 
addition, 8384, 1904 ; 385781 and addition .338.5,1904; U. S, P. 520994, 1894. 
Belg. P. 136581, 1898; 150^5, 1900. J. Kessler and C. Ferrand, Swiss P. 
469:1, 1892. J. Kessler, U. S. P, 651717, PMK); IJ. S. P. 080867, 1901. Faure 
Sc Kesslem D. R. f. 0972; abst. J. A C. S. 1879,1, ,501. 
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The lower part is called the saturex; and here the gases enter 
at 300°-450°, and leave at 150°. It consists essentially of a 
shallow trough of volvic lava or acid-resisting stone, enclosed in 
a thick lead jacket. Between the bottom and cover of the saturex 
are seyeral thin partitions, which cause the fire gases to pass 
closely over the surface of the acid, and when passing from one 
of these flues to the other, through the acid itself. The gases 
are quickly reduced to a temperature of liW®, while the acid 
loses water, and some acid vapor, and runs out in a concentrated 
state to the cooler. The hot gas is introduced through a cast 
iron pipe which is flattened below so as to occupy the whole 
breadth of the saturex. 

The steam and acid vapors from the saturex pass to the 
upper paft of the apparatus, called the recuperator, consisting of 
three lower stone plates and two upper lead plates, arranged so 
as to form a bubbling column like a rectifying still. Each plate 
has 100 holes with slightly raised margins, so that a layer of acid 
always remains on it. Each hole is covered with a porcelain 
bell with serrated edges, producing a resistance to the passage 
of gas. 'fhe acid to be concentrated arrives through a pipe and 
runs by overflows from plate to plate, until it finally arrives at 
the saturex. 

The gases from the saturex are drawn by a fan, or souflleur, 
through the recuperator, bubbling through the inverted cups, 
and thus coming into intimate contact with the weak acid. The 
thermometers ought to read 150° and S5°, respectively. The 
pressure is regi,stered by a gauge, and the gases pass out by a 
pipe to the filters. The concentration may be taken to 98%, and 
impure Glover acid may be used, as there is no crust formation 
, in the recuperator. The crusts in the saturex may be removed 
from time to time through the cleaning holes. The hot gases 
are made in a small producer burning coke. The fuel consumed 
is 8 parts of small gas-coke for the producer, and 3-4 parts of coal 
for raising steam for the fan, per 100 parts of acid of sp. gr. 1.838 
from acid of 1.58. No weak acid is produced. 

A modified apparatus of Kessler was patented in 1900. It 
is called a Radiateur, and consists essentially of fireproof slabs 
heated above, and radiating heat upon the surface of acid below. 
In these is a fireplace for coke or coal, and flues through which 
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the fire gases pass on their way to the chimney. The heat is 
■ radiated from an arch on to slabs. The gases rise into a flue, 
which is covered with cast iron plates, updn which stand the lead 
pans for carrying out the preliminary concentration. 

The initial acid is contained in a flat trough of lava or other 
refractory material, with joints of asbestos cement. 'I'liis is sur¬ 
rounded by a lead jacket which rests on iron rails. The surface 
of the acid is kept from 2 to (i cm. from the slabs by means of a 
valve in the inlet pipe. The acid flows from the pans through a 
siphon and pipes into an acid-proof box packed with pieces of 
quartz, and covered outside with sheet lead. The vapors pass 
through this box; those which arc not condensed pass to a second box 
made of lead and packed with graded coke, the small pieces being 
as large as grains of wheat. This coke is put in dry. 'I'he weak 
acid caught in these scrubbers passes through into pans. The 
draft is produced by an injector in a vertical pipe so as to bal¬ 
ance the suction of the chimney. The acid passes through a 
lead cooler into a lead pot. ’I'lic run-olT pipe is of lava covered 
with lead, burnt on one side to the acid dish and on the other to 
Ihe cooler. 

The filters for removing acid mist are very important.' 

The draft through the Kessler apparatus is best derived from 
Kestner hard-lead fans, which are much superior to steam injectors 
or ca.st iron Pratt fans.- They are best placed at the end of the 
apparatus, after the coke box filters, or l)etween these and the 
saturex. 

A new type of Kessler apparatus is that of J. 'I'eisset and I,. 
Prat." In this the longitudinal baffles of the old apparatus aje 
replaced by transverse baffles, a fan draws the gases through the 
apparatus, and a regenerator is used. The fire gases from the 
regenerator pass through the saturex, which is a pan of volvic 
lava in a lead shell. The transverse baffles rest on bearers, and 
dip a little into the acid. A. fan and ejector" placed externally 
• 1. See Chem. Trade J. HK)7, 40, 80. P. Meyer, Zts, an(f. Cheta. 

1906,19, 1.318. 

2. R. Forster, Chem. Ztg. 1910, 34, 734; abst. C. A. 1910, 4, 2182, 

3. U. S, P. 993125; abst, J. S. C. I. 1911, 30, 748; Mon. .Sci. 1911, 77, 
18. F. P. 398212, 1908; abst. J. ,S. C. 1. UK)9, 28, 937. E. P. 1.4300, 1909; 
abst. J, S. C. I. 1910, 29, 9.50. D. R. P. 229676; abst. C. A. 1911. 5, 253.5; 
Zts. aug. Chem. 1911, M, 184; Chem. Zentr. 1911, 82, I, 274; Wag. Jahr. 
1911, 57, 1, 421; Chem. Ztg. Rep. 1911, 35, .54. 

4. E.P. 13720. 1909. 

s' ♦ ^ 
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draws out the gases, which pass under the baffles, and thoroughly 
agitates the acid. The recuperator is of an improved type, with 
six horizontal plates with numerous holes covered with bells. 
The acid runs in at the top, and the gas temperature is reduced to 
!K)° at the top of the recuperator. At this temperature only 
aquEous, but no acid, vapor can exist, so that only a little acid 
fog escapes. This is retained by a coke filter, while the saturator 
is cleaned through stoppered holes. The concentrated acid, of 
98% H 2 S 04 , runs from the saturex to the cooler. The consump¬ 
tion of coke is 18%-20%. 

J. Gazel‘ gives the following particulars of a Kesslef ap- 
paratas'supplied to a British explosive works in 1898: 


Strength of feed acid. 48° B6. 

Strength of concentrated acid. 0i).0° Be. 

Production per day. 9100 kgra. 

Coke for gas producer. 0.50 kgra. 

Coat for steam raising. 750 kgra. 


The improvement in the new apparatus is ascribed by G. 
Liittgen' to acid waves formed by the hot gasps passing through, 
and impinging on the walls so that splashing and spraying are 
produced. F. vStolzenwald’ doubts this. 

P. Vialleix and F. Perrin^ also describe a modification of the 
Kessler apparatus, in which the saturex consists of a single central 
channel and two side channels through which the hot gases are 
aspirated. The recuperator contains a number of superposed 
trays with projections touching the surface of the acid in the 
lower trays, and passages for the gas. 'fhe acid- overflows from 
tray to tray in a zig-zag path, 'fhe trough and trays are con¬ 
structed of lava or stoneware. Vitreosil has been proposed® in¬ 
stead of lava for the apparatus, but would doubtless be far too 
fragile for the purpose. 

A. Zanner* uses cast iron pans lined with acid-proof slabs, 
1. Mon. Sci. 1H07. «S, 

‘2. Chcra. Ztg. 1010, M, 24; abst. Juhr. Cheni. 1010, 63, I, 527; Wag. 
Jihr. 1910, S6, 1, 42;i. <. 

3. Zts. ang. Chcra. 1910, 23, 197B; abst. Chem. Zentr, 1910, 83, II, 

1957. 

4. E. P.8142, 1911; abst. J.S.C. 1.1912,33, 187;C. A. 1912,6,2825. 
K. P. 420563; abst. J. S. C. I. 1911, 30, 360. U. S. P. 1066567, 1913; abst, 
J. S. C. I. 1913, 32, 791, Belg. P. 232980, 1911. Cf. F. P. 397080, 1908, 

5. A. Pohl, Zts. ang. Chem. 1912,25, 1851, 

6. E. P. 2379, 1902; U. S, P. 693635, 1902; 788108, 1904; abst. J. S. 
C. I. 1902, Zlr 470. See Zts, ang. Chen!. 1907, 26, 8- Hagfraann and 








SULFURIC ACID 


1387 


placed in the flues from the burners and receiving (Hover tower 
acid. The apparatus consists of a flue containing the pans on 
cast iron girders, the pans being lined witli stoneware plates 
cementad with water glass and asbestos. The corners are secured 
by stones, so that no primary joints are exposed to the acid. To 
prevent contamination with dust, the pans are covered with jier- 
forated iron or fireclay slabs provided wiih caps. The acid is 
fed through a porcelain lined iron tube, leaving the apparatus by 
a cast-on lip lined with stoneware. 3'iie steam and acid vapors 
pass on into the Glover tower. 

The Norsk. Hydro-Elektrisk Kvaelstofaktieselskabct' run the 
acid through a tower heated by steam, and remove the water 
from the acid in three stages by using steam under 3, 4 and .I 
atm. pressure. They also deseribe concentration by distillation, 
cooling the vapors and treating them with a drying agent. P. 
Pritchard and the United .Mkali Co - ha\'e devize<l a tubular 
apparatus heated by steam. 

H. Frcidriclv’ describes a concentration apparatus consisting 
of a still holding a large quantity of boiling ( 1 ( 1 ° B(. acid, on the 
surface of which a small amount of (Clover acid is allowed to 
trickle, while the concentrated (>()° B(f. acid is run off from the 
bottom of the still. This, of course, is the well known metlnxl of 
Oridley, and is devoid of novelty. 'riie same inventor suggests 
erecting a small tower similar in constniction to the Cilover after 
the concentration system, allowing the hot acid vapor to pass 
up the tower against a stream of chamber acid, st) that the vapors 
leave at 100°. This again is a well known process, although it 
was controverted by C. Bruhn.' 

C. Grosse-Leege' passes a current of hot gas tangentially t« 
the walls above the surface of the acid, so as to produce a spiral 

F. Beilker, Zts. ang, Chem. llMKi, 19, adCi. Sec also F. Meyer, J. S. C. I. 
1003 22 781 

'l. ’f. P. 4u 9(H)2; abst. C. A. l'.U4, 8, 24(i:!; Chem. Ztg, Rep. 1914, 38, 

170; Mon. Sd. 1914, 81, T.i. Swiss I*. (>42;U. IC. P. i:i270t; abst. J. S. C. I. 

1919 38 817-A 

. 2. ’ E. P. ^542, 1913; abst, J. S. C. 1. 1914, 33, 1207. , 

3. Chem. Ztg. 1909, 33, 478, 0.14; abst. Cliem. Eng. 10, 14; C. A. 

1909, 3, 2036, 2352. 

4. Chem. Ztg. 1909, 33, 812; abst. C. A. 1911, t 280;!. 

5. D. R. P. 176370; abst. Chem. Centr. 1906, 77, II, 1608; C. A. 1907, 
L 1171; Zts. ang. Chem. 1907, 20, 893; Jahr. Chem. 1905-1908, I, 1610; 
Cfhem. Ztg. Rep, 1900, 30, 371; Wag. Jahr. KMW, 52, I, .391; Mon. Sci. 1908, 
80, 169; Zts. Schiess. Spreng. 1900, 1, 427. 
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motion of the gases, which pass out of a c^tral opening. A. 
Bemutat' leads the “acid through a series of chambers counter to 
the motion of hot ga^s. The Aktiebolaget Swedish Nitric Syn¬ 
dicate* cause the acid to flow through a vertical conduiti packed 
with acid-proof material and heated externally, while a current 
of hot gas passes through the interior of the conduit. 

’ O, Proelss* treats an acid of less than 63° B6. with hot burner 
gases to concentrate it, and cause the deposition of impurities, 
a mixture of weak acid and nitrous vitriol being simultaneously 
treated with burner gases to secure an acid of medium strength, 
the deposits being dissolved by treatment with the last mentioned 
acid, and the gases from both operations being subjected to cool 
weak acid. It is difficult to see what advantage this process 
would have over the Glover tower. 

B. Bouhon* heats air from a blower in tubes and causes it 
to pass over the surface of the acid flowing down dimpled cor¬ 
rugated, rifled, or like plates. J. Skoglund"^ injects a current of 
compressed air beneath the surface of a body of acid to cause a 
circulation and blow a portion into an upwardly directed spray, 
permitting the spray to fall back into the body of the acid. A 
current of hot gas is passed through the spray, the gas passing 
on being scrubbed. 

T. Oliver' subjects sulfuric acid containing metal sulfates to 
the action of an overlying current of hot gas, which agitates the 
liquid so as to prevent the formation of a crust, 'fhe solids 
settle out of the liquid, and are removed from below. T. Kilroy* 
causes a descending, finely divided stream of sulfuric acid to meet 
^ ascending stream of hot flue gases. The operation is con- 

1. D. R. P. 28H33,1914; abst. C. A. 1915, 9, 1834; Zts. ang. Chem. 
1915, 28, 83; Chem. Zentr. 1915, 88, I, 176; Chem. Ztg. Rep. 1915, 39, 11; 
Ann. Rep. Soc. Chem. Ind. 1916, t 111. 

2. K. P. 10591, 1909; abst. C. A. 1910, 4, 2554; J. S. C. I. 1910, 29, 88. 

3. U. vS. P. 963174, 963175, 989537; abst. C. A. 1910, 4, 2710; 1911, 
S, 2159. 

4. E. P. 10.593.5, 1916; abst. C. A. 1917, 11, 2.391; J. S. C. I, 1917, 

tl8, 645. , 

5. U. S. P. 1232109, 1917; E. P. 113551, 1917; Can. P. 179556, 1917; 
abst. C. A. 1916, 10, 2394; 1918, 12, 83, 1338. J. S. C. t. 1917, 38, 925; 
1918, 37, 182.A. D. R. P. 310293, 1919; abst. Chem. Zentr. 1919, 80, II, 
337. Australian P. 4223, 1917. 

6. V. S. P. 1240591; E. P. 105093, 1916; abst. C. A. 1917, 11, 2:191, 
3393; J. S. C. 1.1910, 35, 1015; 1917, 38, 647. 

7. U. S. P. 1211594, 1917; abst. J. S. C. 1. 1917, 38, 214. 
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ducted in a tower or series of towers, each composed of metallic 
sections with a packing of refractory material. The tower has a 
removable lead pan at the bottom and ^ distributing apparatus 
at thfe top. The acid is pumped from the bottom of one tower 
to the top of the next in the series, and the lead pans at the bottom 
are heated. (). Dieffenbach' proposes to separate the mixtures 
of acid vapor and steam produced by vaporization in a dephleg- 
mating column. 

A. Diiron* proposes a nuHlification of the Kessler apparatus, 
in which the currents of hot gas pass over the .surface of the acid 
in parallel streams at right angles to the direction of motion of 
the acid. He claims that his apparatus is cheaper than Kess¬ 
ler’s or the Gaillard tower, requiring less fuel than either, and 
less power than the Kessler, but more than the Gaillard. 

vS. Dreyfus and the Clayton Aniline Co.* conduct.the acid 
vapors without suction so that they come in contact with the acid 
to be concentrated, heating this to such a limited extent that 
only water or very weak acid is evolved. 'I'he operation is jjer- 
formed in a tower containing acid-proof packing, down which the 
acid trickles. If no weak acid vapors are evolved, it is difficult 
to see where those required in the process are obtained. 

L. Stange^ describes a complicated apparatus of cast iron, 
containing acid, over the surface of which hot air is blown. The 
apparatus is cooled lielow, and consists of a receptacle for receiv¬ 
ing the precipitate formed in the upper vessel. P. Pipereaut and 
Helbronner* attempt to avoid the formation of fumes by passing 
the acid quietly in the same direction as the hot gas, in a series 

1, F. P. .37108.5, 1!K)0; abst. Clicm. Ztg. Rep. 1907, 31, 1.58; Mon.* 
Sci. 1908, 69, 80. D. R. P. 1898A3; abst. Zts. ang. Chem. UK)8, 21, 790; 
Chem. Zentr, 1907, 78, It, 19.5.3; Wag. Jahr. 1907, 53, I, .3.30. 

2. E. P. ;144. 19i:i; U. R. P. 2.57.559, 2.57.57.3; abst. Chem, Ztg. 1913, 
37, 244. F. P. 4.5:5733, 45:5742; Aust. P. 02173, 191.3; E. P. 1040:54, 1910; 
abst. J. S. C. I. 1917, 38, .385; C. A. 1917, 11, 1888. Belg. P. 2,5.32.52, 1913.* 
See also Chem. Ztg. 1914, 38, 5.59, Zts. ang. Chem. 1914, 27, I, 508; abst. 
C. A. 1915, 9, 848. W. .Strzmla, D. R. P. 2721.58, 1914; abst, C. A. 1914, 8, 
2008, 37(Xi. 

.3. E. P. 788, 1902; abst. J. .S. C. 1. 11K)3. 22, 20. 

• 4. U. S. P. 837592; abst. C. A. 1907, 1, 030. E. P. 91, 1907; afcst. 

C. A. 1907, 1, 2820; J. S, C. I. 1907, 28, 907. D, R, P. 188901; abst. Zts. 
ang. Chem. 1908, 21, 796; Chem. Zentr. 1907, 78, 11, 1283; Jahr. Chem. 
1905-1908, I, 1616; Wag. Jahr. 1907, 83, I, .3,37; Chem. Zts. 1907, 6, No. 
419. Aust. P, 33440, 1908. F. P. .37.3:526, 1907; abst. Chem. Ztg. Rep. 
1907» 31, 324. 

6. Mon. Sci. 1917, 84, 265; abst. J. S. C. I. 1918, 37, 6 A; C, A. 1918, 
12 . 1108 
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of twelve rectangular boxes. .Gases at 1200° can be employed 
directly on acid of 5S° B6. I. Hechenbleikner* blows hot gases 
through tuyeres on the surface of the acid, pass the vapors through 
a recuperator, and then through a filter. H. Jones® allows the 
acid to trickle over irregular surfaces, while hot gases pass over it. 
Other types of apparatus have been described by R. Sohlmann 
and W.‘Wilson,® J. Harris,® P. Pfannenschmidt and R. Moss.® 

Other Methods of Concentration. H. Hegeler and N. Heinz' 
concentrate the denitrated sulfuric acid in the lower part of the 
Glover tower by the addition of sulfur trioxide. The latter is 
said to be produced by mixing a portion of the nitrogen oxides 
liberated in the tower with sulfur dioxide. The Krell-Strzcda 
system® uses concentrating tubes of acid-resisting iron* enclosed 
in a shell of cast iron, the intermediate spaees being filled with 
acid-resisting cement. The concentrating tubes are arranged 
parallel on the slightly inclined bed of a furnace, and are connected 
at each end with a receiver for the distillate in such a manner 
that the acid passes from the first tube to the second, and so on 
through the series to the acid cooler and receiver. In a small 
plant of t) tubes the production is ‘‘.somewhat less than 0.9 ton” 
per 24 hours, of 97%-98% H 2 S 04 . With ‘‘more than 6 tubes,” 
the production is 0.9 ton. The fuel consumption is 4 cwt. per 
ton of acid. 

In addition to the processes herein described, reference may be 
made to the patents of S. Littmann,® R. Evers," Chance & Hunt, 

1. IJ. .S. P. 1264182, 1284509, 1918; abst. C. A. 1918, 12, 1690; J. .S. 
C. I. 1918, 37, 414-A. Can. P. 191315, 1919; abst. C. A. 1919, 13, 190,5. 

2. U. S. P. 1183207; abst. J. >S. C. I. 1916, 35, 736; Ann. Rep. Soc. 
Chem. Ind. 1917, 2, 179. 

' 3. U. S. P. 1009196; abst. C. A. 1912, 8 , 277. 

4. E. P. 7728, 1912; abst. C. A. 1913, 7, 2999; J. S. C. I. 1913, 32, 
363; Chcm. Ztg. Rep. 1913, 37, 550. 

, 5. E. P. 13642, 1914; abst. J. S. C. I. 191.5, 34, 798. See also G. 

Plath, Zts. ang. Chem. 1907, 20, 444; abst. C. A. 1907, 1, 1170. C. Negrier, 
IT. S. P. 468891, 1892. Swcd. P. 2830, 1890. F. P. 20.5239, 1890. Ital. 
P.27843.1890. E. P. 14022, 1890. BrasU P. 1052, 1890. D. R. P. 61321; 
abst. Wag. Jahr. 1892, 38, 289. M. Faure and J. Kessler. U. S. P. 158924, 
1875. . 

6. E. P. 2541, liXM; abst. I. S. C. I. 1904, 23,489. 

7. W. Strzoda, ZLs. ang. Chem. 1918, 31, 185; atet. J. S. C. I. 1918, 
37, 688A: C. A. 1919, 13, 1127. 

8. E. P. 26732.1913; abst. C. A. 1916,0,1230; J. S. C. I. 1914,33,643. 

9. D. *R. P. 187253, 1908; abst. J. S. C. I. 1908, 27, 602; Zts, ang. 
Chem. 1908. 21, 795; C. A. 1908, 2, 676, 600. 

10. D. R. P. 178389; abst. C. A. 1907, 1, 1207; Chem. Centr. 1906, 77, 
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Ltd.,‘ W. T. Clough,2 D. Ashworth and k. Eaton,’' J. Hughes 
and J. Hitchcock,* P. Marcelin and J. Saunders,* A. Ungerer," 

J. Smjth and J. Savage,’ R. Kuch," G, IlSgemann,''J. Saunders,"' 
R. Wallace," J. Gridley,'" C. Kolbe and T. Eindfors,'’’ E. Kalh- 
fleisch," J. Hesch,'* W. West,'«S. Mcnougall,'’ M. Walsh,'* M. Wil¬ 
lett,'* C. Battsch,’" K. vSundstnhn," J. Ilerreshoff,'- H. Pischon and 
R. Pfennig,"’E. Nation,'"(),Guttinann,-"'ll. Howard,""W Wolters,” 

J. Raiding,’* I). Cardozo,’" E. Dyson,™ G. Krcll,’" J. Ackcrson,” 

R. Penninian,™ J. Patten," W. Quinan,** 1,. Stange,’* G. de Bri¬ 
ll, 1068: Jahr. Chem. 100.'V-11K)8, 1. 1015; Cluin. '/An. kip. IllOO, 30, ;i87, - 
Wag. Jahr. UKXl, 52, I, .WI; Mon. Si-i. 1008, 69, lOi); Zts. Scliicss. Sprpiig. 
1906, 1, 427. 

1. E, P. 120;i20; abst. J. S. C. I. 1919. 38, t98-A; C. A. 1919, 13, 22.'>8. 

2. t.'. S. P. 1.5222, 1,8.50; 12797)7, 1872. 

.'I. U. S. P. 02919, 181.57; 7.8:5.52, 1808. 

4. U. S. P. 0.5227, 1807; :5:i',t.5.52, l.8S(i. 

7). t:, ,S. P. 77820, 180,8. 

0. l.f. S. P. 140728, 1874. 

7. V. S. P. 41047, 1804. 

8. U. S, P. 474,527, 1892; absl. J. A. C. S. 1.892, 14, HO, 

9. IJ, S. P. 10.5.507, 187,5. 

10. U. S. P. 171049, 1877). 

11. I'. S. P, 1510957, 1,877. 

12. U. S. P. 240248, 1881; 20.5495, 18,82; absl. J. A. C. .S. 1,881, 3, 09; 
Wag. Jahr. 18815, 29, 200. 

1 : 5 . 1.:. S. P. 240:590, 1881; absl. J. A. C. S. 1,881,3, 105. 

14. U. S. P. 207221, 1882. 

1.5, I'. S. P. 27.5041, 188:5. 

16. r. S. P. 280425, 188:5. 1C. P. 1051, 188:5;abst. I..S.C. 1. 1884, 3, .'50. 

17. i:. S. P. 2.8929;i, 188:5; abst. Wag. Jahr. 18.84, 30, 299. 

1,8. U. ,S. P. 291821, 1881; abst. J. A. C. S. 1884, 6 , .52; Wag. Jahr. 1881, 

30, 299, 

19. U. S. P. ;t010.'5;5, 1,884; abst. J. A. C. .S. 1884, 6 , 294. 

20. r. S. P. ;518()82, 1885; abst. J. A. C. .S. 1885, 7, 1.5.5. 

21. U. S. P. .-SAOIH, 1880; abst. J. A. C. ,S. 1880, 8, 2 : 57 . * 

22. U. H. P. .'5.57.528, 309790, 1887; abst. J. A. C. ,S, 1887, 9, 39. 

23. U, S. P. .■574208, 1887; abst. J. A. C. ,S. 1887, 9, 220. . 

24. lb S. P. ;59.5,50,5. 1889, 

25. U. S. P. 50.5520. 189:5; 027749, 1899; abst. J. A. C, S. 1893, 15, 593. 

20. r. S. P. 7)09004. 1893; abst. J. A. C. S. 1893, 15, 711. 

27. S. P. 514983, 1894. Cf. 1). K. P. 1.50:59; abst. J. ,S. C. I. 1882, • 
1, 20; Wag. Jahr. 1882, 28, 2fH; Moti. Sci. 1882, 24, 324. 

28. U. ,8. P. .541(411. 189,5. !). K, P. 70091; abst. Wag. Jahr. 1894, 40, 
449; Zts. ang. Chcni. 1.894, 7, .500; Jahr, C'hein. 1894, 47, 407; Her. 1894, 27, 
945. 

• 29. U. S. P. ,542020, 1895, • 

30. U. S. P. .518503. 189.5. 

31. U, S. P. .549138, 1895. 

.32.. .U. .S, P. 4r>.380E 18!»1; abst. J. A. C. S, 1891, 13, 180. 

38 U. S. P. 4694.39, 1892; ab.st. J. A. C, .S. 1892, 14, 41. , 

s3*. U. S. P. 076663, 676004, 1901; abst. J. A. C. S. 11K)2. 24, 113. 

35. U. S, P.699011. 1902; abst, Mon. .Sci. 1902, 58, 183; Chem, Zts. 
1903, 2, 8. 

36. U. S. P. ^17.592, llWMi; abst. Client. Ztg. Rep. 1907, 31, 72; Mon. 
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allies,* T. Oliver,* Friyikfurter Maschinenbau A. G.,* and others.* 
Electrostatic Precipitation. One of the most important mod¬ 
em adjuncts to the concentration of sulfuric acid is electrostatic 
precipitation. A gas may become a conductor of electricity in 
various ways, such as by exposure to ultraviolet light. X-rays, 
and radium, and is then said to be ionized. Its molecules carry . 
positive and negative electric charges. If an electrostatic field 
is imposed on the gas, the ions move toward the electrodes of 
opposite sign, and are discharged on impinging on them. If the 
electrodes are charged to a sufficiently high potential they may 
act as ionizing agents, as well as causing the ions to move. The 
gaseous ions moving away from the electrodes impinge on solid 
or liquid particles in their path, and charge them. The charged 
particlej now travel to the electrodes of opposite sign, where they 
are deposited. The rate of production of ions depends also on 
the shape of the electrodes, pointed or narrow electrodes being 
more effective than flat plates. 

These are the principles of the electrostatic precipitator. 

Sci. Itw, 87, 113. .See also U. .S. P. ()8fi840; abst. C. A. 1911, 5, 1978. F. 
Moore and J. Hall, abst. C. A. 1911, 5, 1978. W. Bate and K. Orme, H. P. 
21)790, 1902; abst. J. S. C. I. 1903, 22, 212. F. Brown and United 
Alkali Co., K. P. 14321, 191,5; abst. 1917. 36, 1227. A. Gellen, Au.st. P. 
W),5G5. 1912. A. Nobel, D, R. P. 10149, 1880; abst. J. A. C. .S. 1880, 2, 35.5, 
Soc. T/; Nitrogene, Aust. P. 49481, 1911. Clietn. Fabrik Griesheim-Rlek- 
tron, Aust. P. 28908, 1907; Aust. P. 20084, ItXlO; 1). R. P. 174730. G. 
Krcll. Aust. P. 2130.5, 1905. H. Umaitre. F. P. 3.57,5.55; abst. C. A. 1907, 

I, 0,30. Sec also Chem. News, 1801, 3, 4; 1809, 20, 107; 1871, 23, 107; 1871, 
24,82, 100; 1872, 25, 215; 1872, 26, 174; 1873, 27, 185; 1870, 33, 95; 1877, 
36, 111; 1879, 40, 228; 1892, 65, 227; 1894, 70, 318. Cumming, Romanes 
and Walker, E. P. Apnl. 17300, 1915. C. Kaesmaeher, F. P. 380783, 1908; 
abst. J. S. C. I. 1908, 27, 749. 

' 1. Swiss P. 450.39. 1908. 

2. U. S. P.-1195075; abst. Clieni. App. 1919,6,00; C. A. 1919, 13, 2974. 

3. Swiss P. 70024; see also A. Bemutat, D. R. P. 281133; Fab. de 
.Sole Artificiclle de Tubize, E. P. 10380, 191,5; 1). R. P. ,303123; U. S. P. 
1323847, 1919; abst. J. S. C. I. 1910. 35, .537; 1920, 39, 04-A. 

4. Norsk. Hydro-Elektrisk Kvaelstotaktieselskab, O. R. P. 28405:1; J. 
Skoglund, D. R. P. 310293; O. Briinler, D. R. P. 283790; abst. Chem. App. 
1919, 6, 00; C. A. 1919, 13, 2974. J. Loftus, lb S. P. 007.59, 1867. P. Mar- 
celin and J. Saunders, U. S. P. 77202, 1868. A. Newman, U. S. P. 1294525; 
abst. C. A. 1919, 13, 1132; J. S. C. 1.1919, 38, ;101-A. F. Perrin, E. P. 11809S; 
abst, J. S, C. I. 1919, 38, 518-A; U. S. P. 1301598; abst. C. A. 1919, 13, 1904. 

J. Patten, U. S. P. 1294827; abst. J. S. C. T. 1919, 38, 361-A; C. A. 1919, 13, 
li:i2. J. Perrin and J. Saunders, U. S. P. 78760, 1868. H. Jandcr, U. S. 

P. 1321210,« 1919; abst. J. S. C. I. 1920. 39, 20-A; C. A. 1919, 13, 209. 
Southern Eleetro-Chemieal Co., Can. P. 191314, 191315, 1920. Soc.'Union 
des Fabrieants d’Acidc ,Sulfuriquc de France, F. P. 49.3692, 1916; abst, Cbint. 
Ind. 1920, 3, 204. 
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They have been well known for a number o/ years, and the nietluxl 
was used by Lodge and others for precipitating fogs. It has been 
sliowm as a lecture experiment for som8 time. It is, therefore, 
quite correct to refer to it as the Cottrell method, because 
Cottrell was the first to apply the method on a large scale, and 
to devize apparatus whereby the necessary potentials could be 
applied. It has been said that many of the principles embodied 
in his apparatus are but amplifications of ideas first promulgated 
by Lodge, and perfected by Cottrell. 

It is usual to make one electrode in the form of a wire or 
point, and the other a surface, cither a fiat jilate, or a cylinder 
surrounding the wire. Both tube and plate treaters lia\e been 
used. The latter is better adapted to the condensation of sulfuric 
acid mists produced in the concentration of the acid. 

A word may be said about these mists. If sulfuric acul is 
boiled in a retort, and the fumes led into a receiver, they con¬ 
dense to liquid acid without forming a])preciable mist. No diffi¬ 
culty is experienced in causing such vapors to condense. But if 
the acid is evaporated in a current of air or other indifferent gas, 
an entirely different state of affairs results. A dense fog or fume 
is produced, which will not condense on simple cooling, but will 
do so if caused to impinge on surfaces, say, by filtering the fog at 
a fairly high sjieed through a coke filter, or jiassing it through 
capillary tubes. I'lie mist is not deposited by ])assing the fog 
through water, but is easily absorbed if passed through concen¬ 
trated sulfuric acid. These peculiar properties have not yet been 
adequately explained; the explanation given by A. Smith (Inor-t 
gank Chemistry, 1019, p. 129) would apjiear to be incorrect. Piu-t- 
ington reports that similar mists are formed in condensing nitrous 
fumes in water, and in passing them through solutions of am¬ 
monia. He finds in the latter case that if the fumes of NlLNf).i • 
are passed through concentrated sulfuric acid, they at once de¬ 
posit solid in the tube iifler passing through the acid, but not in 
the acid itself. Again, if a mixture of air and llCl is blown 
through cone, ammonia solution, a fog of NHiCl is produced which 
settles only with great difficulty, whereas if a mixture of NH.i and 
air is blown through cone. IICI a fog of NHiCl is forjned which 
readily settles. 

The peculiar character of these mists has led technical chem- 
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ists to regard them as consisting of droplets existing in a peculiar 
state which they call vesicular. It is supposed that the droplets 
are hollow, and deport‘themselves like little India rubber Jjalls, 
rebounding from surfaces with which they come in contact. There 
is no evidence for this hypothesis, and a more reasonable explana¬ 
tion seems to be that the droplets are not hollow, but that they 
are kept from walescing by surface tension, and by the repulsive 
action of electric charges residing upon them. Further inves¬ 
tigation of the structure and properties of mists is, however, 
required. 

A. Heimrod and H. Egbert' report that, in precipitating sul¬ 
furic acid fogs, a tubular precipitator is used. In the plant de¬ 
scribed, 3000 cu. ft. of gas per minute at i>7° are treated from three 
tower concentrators, yielding 50 tons of ()()° B6. acid per 24 hours. 
In that time 3000 lbs. of 18° B4. acid arc recovered from the mists. 
A potential of 75,000 volts is employed, with a power consump¬ 
tion of 3'/2 K. W. Another unit, similarly equipped electrically, 
of 12 tubes each 12 in. by 15 ft., treats 2.500 cu. ft. of gas per 
min. at 93° from 2 towers producing 40 tons of ()()° B^. acid per 
24 hours, and 3500 lbs. of 33° B6. acid are recovered. One of the 
largest installations treats 30,000 cu. ft of gas per min. at 82° 
from 22 cascade concentrators, each producing 10 tons of (56° 
B€. acid per 24 hours. Four units, each of 12 tubes as above, 
are employed, and 2.5 tons of 45° Be. .acid are recovered per 24 
hours. It will be noted that this corresponds with a loss of acid 
from the cascades of 11%, which confirms the figures quoted in 
' that section. This loss may be exceeded in some plants, and may 
risp to 20%. The induced draft is provided by fans, which are 
more satisfactory than steam injectors. 

C. Schiffner* also gives results of the method, and K. Shiga* 
' quotes the results obtained in American factories, with a bibli¬ 
ography of the process. 

A Cottrell plant was installed at Queen's Ferry, England, to 
deal with the fumes from the Gaillard towers in use there* 
'fhe acid recovered amounted to 30 tons of 51% HjS 04 per day, 

1. Chem. Met. Eng. 11)18, 19, 309; abst. J. S. C. I, 1918, 37, 729-A; 
C. A. 1919, IS, SOI. G. Mosii, J. S. C. I. 1918, 37, 08-T. 

2. u. Erz, 1914. U, 2i57;‘abst. Chem. Ztg. Rep. 1914, 31,383; 
C. A. 1914, 1 2994. See also E. Streift, Belg. P. 150320, 1900. E. 'iTjum, 
Chem. Met. Eng. 1919, 20, 59; abst. I. S. C. I. 1919, 38, Kti-A. 

3. J. Chem. Ind. Japan, 1918, 21, I'iO; abst. C. A, 1918, 12, ,'8.50, 
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from a total of 420 tons H2SO4 charged to the towers as 
HjS 04. This represents a recovery of 3%‘3.5';( . About 1% of 
the acid was lost through the stack. These figures show in a 
striking manner the much lower fume loss from Gaillard towers 
than from cascades. The fan used for aspirating the ga.ses used 
SO K. W. The average voltage of the treaters was and 

the power consumption 2(1 K. W. 

The treater at Queen’s Ferry was of the plate type, the con¬ 
centration plant consisting of 2 houses of S Gaillards. the fumes 
being led through a common lead flue to the 4 treater chambers. 
From the treaters the gases again united in a common flue from 
which two brick flues conveyed them to the stack. liach treater 
is 30 ft. 1 '/2 in. long, 7 ft. 0 in. wide, and ,S ft. (i in. high, all inside 
dimensions. It was built of acid-proof bricks, supixirted on a 
concrete foundation covered with acid-proof bricks and lead, the 
bottom of the treater being fonned of a lead tray. The lead 
plates forming one set of electrodes were supported from lead 
covered mild steel bars, and the rods of antimonial leail forming 
the other set of electrodes hang between them. All the horizontal 
supporting bars were insulated on brickwork chambers built at 
the side of the treaters. The lead plates were of S-lb. lead, 2 ft. 
wide and 8 ft, 5 in. long. The rods were 7 ft. 1^/4 in. long, of cruci¬ 
form section, the four wings Ixdng 1 in. long and ‘/s '’/le in. thick. 
The edges were sharpened as finely as possible to promote dis¬ 
charge. They were burned in sets of S to lead covered steel 
bars, there being 18 bars to each chamber, or 144 rods. 8 rows of 
8 plates were hung on each side of the rods. 

The electrical apparatus was of the usual type, containing 
high tension transformers, with rotary switch rectifiers'. Ufli- 
directional current must be used. The rods were negative, the 
plates and positive poles were earthed. The normal temperature 
of the gases entering the treaters was 8,>° 00'^, corresponding 
with a fan temperature of 100°. The gases left the treaters at 
]0°-I5° below the entrance temperature. ^ 

* The chief objection to the Cottrell process is its high cost 
compared with coke filters. Its efficiency has been demonstrated 
to be of the order of 80%.' 11. Welch^ uses an electrical precip- 

1* The Cottrell process for the electrical precipitation of suspended 
particles is covered by the following patents: “Manufacture of sulfuric 
acid," U. S. P. 80684.3, 1007; abst, Mon. ,Sci. 1908, 69, 49; J. S. C. I. 1907, 
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itation method for recovering waste acid from the manufacture 
of nitrocellulose and nitroglycerol. 

The Gilchrist Concontrator. At the Queen’s Ferry Plant, the 
weak sulfuric acid is first pumped by 8 ” Impellor Twin KTynock 
pumps from the lead vats which receive the residual acid from 
the stills and the Grille scrubber acid, through a 3" main, to two 
lead storage tanks 8 ' 4" diam. by 3' (i” deep. Each tower is fed 
from an overhead lead-lined feed tank, 10' x 1.5' x 4' 6 ", into 
which the acid is raised, through a lift of 73'/3 feet, either by 4 
Kestner elevators, each capable of raising 3 tons per hour, or by 
one of three 2' belt-driven Douglas pumps. 'I'he acid is fed by 
siphon feed from these tanks to three distributing launders run¬ 
ning across the top of the tower, 'fhe acid overflows from 8 lips 
on each side of these into lead funnels leading down to the lutes 
in the lead cover. 

'I'he acid is concentrated as it flows through the packing of 
the tower and delivers into a saturex pan, where further concen¬ 
tration is effected, being finally delivered through c(X)lers to the 
storage coolers as concentrated acid. 'I'lic gases are led from the 
main tower through a quartz packed scrubber, to a 21" Kestner 
fan, and thence to the stack. The Cottrell precipitating plant 
is to be operated in conjunction with this. 

'fhcrc have been installed two independent units, each cap¬ 
able of producing 7(1 short tons of 03.5'/; HiSOi from 05.5% acid, 
or 35 short tons of 07'’.o H 2 SO 4 from 05.5'/';, acid, using in both 
cases 102 , 000 , 00(1 B. ' 1 '. U.’s per 24 hours, or approximately one 
million feet of producer gas. 

'fhe furnace comprizes a firebrick structure sheathed in steel, 
26, 1138. Australian 1’. 0734, 1007. "Apparatus for separating sulfuric 
acid." 0. S. P. 860844. 1007; abst. J. S. C. I. 1907, 26, 1138. “Art of sep¬ 
arating susiKiided particles from gaseous bodies," U. S. P. 895720, 1908. 
“liffecting interchange of electrical charges Iwtwcen solid conductors and 
gases," U. S. P. 04,5017. '"Filtering medium and process of making the 
same." U. S. P. KXUXIHS, 1013; abst. C. A. 1913, 7, 2038. "‘Puriheation of 
gases,” U. S. P. 1016476, 1009; abst, C. A, 1012, 6 , 796. “Apparatus for 
separating suspended particles from gaseous bodies," U. S. P. 1035422. 
"'Method of discharge of electricity into gases,” 11. S. P. 1067974, 191fl; 
abst. C. A. 1913, 7, 2907. See also J. Ind. Eng. Chem. 1911, 3, 542. Proc. 
Am. Min. Cong. 1916. J. Ind. Eng. Chem. 1919, 11, 148, 154; J. S. C. t. 
1919, 38, 121-T. E. P. 21147, 1907; abst. C. A. 1008, 2, 2979; J. S. C. I. 
1908, 27, 404, F. P. 382170, 1907; abst. Mon. Sci. 1909, n, 102. Cf. I,. 
Bradley, U:S. P. 1284175; abst. C. A. 1919, 13, 166; J. S. C. 1. 1919, 36,74-A. 

2. U. S. P. 1289984; ab-st. C, A. 1919, 13, 773. E. P. 134593, 1918; 
abst. J. S. C. I. 1920, 33, 20-A. Can. P. 194775, 194776, 194777; abst. C. 
A. 1920,14, 601. 
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the gas being led from the main producer flues to the furnace by 
two gas flues, 2' x H'. controlled by vahV's, and enters the com¬ 
bustion chamber through any of four x 12' gas ports, expand- 
ingtto 12" X 18" after admixture with the primary air. The 
admittance of the air for combustion is controlled by inuslnoom 
ports at the front of the furnace. The combustion chamber 
measures 8' x 11' x .V 8", sunnonnted by a false arch, over which 
the secondary' air is admitted. 'I'he products of combustion then 
enter an upcast 8' x 4' (i" x 11', filled with checker brickwork, 
and are delivered to the saturcx by a cross connecting flue, 4' (i" 
X o', 'riic combustion chamber is equipped with the necessary 
explosion doors and peep holes. 

'I'he saturcx is 157' 7V »" long by 0' wide, inside dimensions, 
the whole structure being raised on a concrete foundation 0' 
above the ground level, so as to give the necessary gravjty flow to 
eoolers and tanks. 'I'he concrete is protected by (i-lb. lead sheets, 
'flic saturator consists of a pan 18" deep, of 2(l-lb. lead, lined with 
8 layers of acid-proof tile, set in silicate cement. 'I'he firebrick 
arch to the saturcx is fitted with 1 baffle arches, which deflect the 
hot gases from the furnace down on to the surface of the acid. 
'I'he whole structure is bound with the necessary brick stays, 
the brickwork containing cavities to take up expansion. 'I'he 
sludge outlets and rnn-offs are fixed so that a depth of 7" of acid 
remains in the saturcx. 

A certain amount of circulation of the acid in the saturcx is 
assured by two 28' Narki spigot and socket pipes, connected to 
the compressed air main, and having eighth-inch jx-rforations at 
distances of 0" apart. 'I'he concentrated acid overflows from the 
saturex into a collecting brick-lined launder, from which it delivers 
to any of five lead coolers through a Narki run-off pipe. 

'The acid leaves the saturex at a temperature of 2.'')()°, each 
cooler being capable of cooling 100 tons daily from this tem¬ 
perature down to 8.")'’ Ivach cooler is 8' in diam. x 4' 4'/j" 
deep, of l()-lb. lead, and fitted with a water jacket for the upper 
*80". 'I'here are provided 8 cooling coils of l'/ 2 " lead pipe, Con¬ 
sisting of 14 turns, each 1.5", 22" and 20" in diameter. The base 
of the main tower is contained in the same lead pan as the saturex, 
and is 11' square (inside measurement) and 47'8'* high. The 
base is lined with acid-proof tile as in the saturex, the packing of 
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the tower resting on 7 arches, sprung from tlie side’s of the tower. 

'fhe tower is constructed of acid-proof bricks, with special 
American cement, the wjlls being !'(>' thick, with 4Vs'' inner 
wall, lined with acid-resisting tile extending to a height of el4'. 
'fhe walls are bonded every 4', vertically and horizontally. The 
tower is,tied by rods and corner angles each 3' of its entire height. 

The gases pa.ss from the tower into the scrubber by a 30' 
off-take of 12-lb. lead, stiffened by lead-covered iron bands. This 
contains a 00 Gaillard spray, through which water is sprayed to 
cool the gases. It should be remembered, however, the water 
spray is uneconomical in that it increases the concentration load, 
while attempts to spray weak acid into the off-take instead of 
water has proven iiuitc sucees-sful. 

The scrubber rests on a l.')-lb. lead pan, and is 31'0' high 
with 18" walls of acid-resisting brick, with a 4’/ inner wall rising 
to a height of 13' 3". lining of I'/s" tile is carried right up 
to the top of the scnibbcr. The internal cross-section is 1.")' I'/s* 

X 12' lO'// at the base, increasing to l.'j' 10'// x 13' 7'// above 
the top of the inner wall. 'I'he stnxcture is bound by tie-rods and 
comer angles as in the main tower. 

'fhe packing is lx>und on checker brick work, so arranged as 
to give a free gas exit to the fan, and consists of the required layers 
of 10" and C" quartz to carry the main filling of 2" quartz, the 
total packing weighing about 3(K) tons. 'I'he 00 Gaillard sprays 
are fixed into the top of the dome, fed by weak acid from the same 
feed pipe as the spray on the main tower off-take. 'I'he scrubber 
acid is delivered to the scnibber acid lank through 24 acid ports, 
each d'/s" x 3", issuing into an external launder. 

Each unit is fitted with one 21" Kestner high pressure fan, 
of the same type as used in the Gaillard towers, 'fhe fans de¬ 
liver through a 21' lead main into the Cottrell flue, 2' x 2' 0", 
this being so graded as to drain any condensed acid back to the 
sembber launder, 'flie fumes pass for further sembbing into a 
Cottrell chamber and thence into the stack. 

■* It is understood that the most serious trouble experienced in ' 
connection with this plant at Queen’s Ferry has been the excessive 
wear and tear on the base of the tower and saturex. 'The tem¬ 
perature of “the acid in the saturex causes the tiles to expand and 
lift, thus forming channel ways through which the acid percolates 
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to the lead base, which, in consequence, in»a short time, is eaten 
through, and the concrete foundation attacked. VVlienever a leak¬ 
age <|f this nature appears it necessitates taking up the whole 
of the tiling and renewing the entire or a major portion of the lead 
work. 

Careful control of the temperatures of the furnace aiul the 
acid in the saturex decreases the trouble, but dtx-s not entirely 
obviate it. The shuiging up of the units presents another diffi¬ 
culty, for the sludge in the feed acid settles in the saturex, and is 
sufficient in amount to necessitate sludging out each unit once 
per month, the whole of the saturex, by that time, being full of 
.sludge. Even when no repairs are indicated, the unit has to be 
thoroughly co<jled down and drained, before the saturex can be 
washed out. The definite opinion has been formed that this type 
of concentrator cannot be compared with a Caillard tower, prop¬ 
erly constructed and operated. 

.'\t the British Acetones plant at 'I'oronto, Can.,' two dO-tou- 
Gilchrist tow'ers were installed to reconcentrate the sulfuric acid 
diluted in the regular plant operation. 'I'he C(K)lcrs for the con¬ 
centrators were located below the main operating floor, 'I'he 
method of taking Baumd readings lujurly by dipping samples 
from the discharge pipe to the cooler and taking hydrometer 
readings from the dippers had disadvantages in that acid was 
splashed on the operators' clothes, and hydrometer breakages 
were high. The original article gives details of a simple, con¬ 
tinuous sampling device which was c\-olved, and eliminated the 
troubles above referred tf). ’ 

Recent Advancement, In connection with the subject *of 
contact masses (see pp. fib'), IIO.S 11211) N. .Sulzberger" reduces 

1. S. loaides, Chem. Met. Iviix I'JIU, 20, a.S; aUsl. C. A, lUKI. 13, (MM. a 

2. U. .S. P. I.i:t870<.l, 1(120; alxst. J. .S, C I. 1020, 39, t37-A Aildi 
tionat information on .sulfur trioxide and contact prtx'esses will be found Iw 
consulting Audianne, If. P. Api»l. 1G7.'11. 1020: abst. J. S. C. I. 1020, 39, 
.704-A: K. P. 142.S22, 1018; abst. J, .S. C. I. 1020. 39, -I87-A. Parlxnfubr. 
wm. K. Bayer & Co., I). K. 1’. Anin. P 24,SOI, 1012; Span. P. .raiOO, 1»»2; 
Belg. P. 2581.57, 258002; Canadian Kxplosivcs btd,. Can. P. 127.540, 1011. 

P. Cantilena, Ital. P, 12,5010, 1012. P. Karup, 1), K. P. Anm. f'-HdOOG; 
Belg. P. 2.54287, Gras.selli Chem. Co. anil P. bihmo. Can. P. 176011, 1917. 

R. Knietsch, C. S. P. 794512. 1005 R. Kuietsch and M. Seharll. U, S. P, 
782782, 1005. C. Krauss and R. von Berneck, C. S, P. 720205, 1902. H. 
Potts, C. S. P. 132.5257; abst, C. A. 1020, 14, 1.590; J S C. I. 1920, 39, 402-A. 
W. Richardson, U. S. P. 1328608, 1920; abst. J. S. C. I. 1920, 39, 427-A. 
W, Schucl^ K. P. [42570, 1910. G. Vorlmann. It. K, P. 210858; abst. J, S. 



1400 


TGCHNOLOGY OF CBLLUWSB ESTERS 


a metallic borate possessing catalytic activity, sufficient of the 
borate radical being present to serve as an effective carrier of 
the catalytic metal after reduction, or,' porous ceramic material, 
preferably in the form of small tubes with projecting rims, is 
employed by V. Zieren as a support for contact substances. In 
another process,'^ the catalyst is intimately incorporated with 

C. I. 1920, 39, 40;i-A; Chem. Zentr. 1920, 91, II, :570. F. Washburn, Can. 
I>. lO-W?:), 1915; 179101, 1917. Sec also Can. P. 142874,143341,143602, 
14.3848, 144760, 144478, 144479, 144895, 14.5058, 14.50.59, 14,5824, 145430. 

1. D. R. P. 317979, 1917; abst. J. S. C. I. 1920, 39, 3.55-A. Recent 
processes tor the preparation and utilization of SOj are: J. Blanc, Aust. P. 
60432, Chem. Fabr. vor. Weiler-Ter Meer, D. R. P. .307121, 1918; abst. 
J. S. C. I. 1920, 39, 29,5-A; Chem. Tech. Dbers. 1920, 44, 111. N. Christen¬ 
sen, U. S. P. 1341734; abst. C. A. 1920, 14, 2242. Deutsche Petroleum A,-G., 

D. R, P. Anm, D-3.5111, 1918. L. Diehl, E. P. 1.39172, 139173, 1920. E. 

Dohet, E. P. 7892, 1913, V. Erchenbrccher, D. R. P. 3077.52, 1917; abst. 

J. S, C. 1., 1920, 39, 406-A; Chem. Zentr. 1920, 91, II, 484. E. Espeuhahn, 
Can. P. 1951.52, 1919, A. Eustis, U. S. P. FMllH, 1341115; abst. J. S. 
C. 1. 1920, 39, .517-A; Can. P. 201362, 1920. F, Eustis, Can. P. 17,5640, 
18710.5, 1918. J. Fairrie, E. P. 144142, 1919; abst. J. .S. C. I. 1920, 39, 
.548-A. E. Freese, Wochbl. Papierfabr. 1920, 51, 861; abst. C, A. 1920, 14, 
2119. A. Guiselin, F. P. 4422.59, 1912, D. Ilemt, Russ. P. Appl. ,5440.5, 

1912. D. Hunt, D. R. P. 260518, 1912. J. Jones, D. R. P. 262393; Can. 

P. 141243, 1912. H, Lyon, U. S. P. 1337,561, 1920; abst. J. .S. C. I. 1920, 
39, 488-A. Metallbanfc n. Metallurg. Gcs., D. R. P. .300061, 1918. J. 

Meyer, Her, 1920, 53, 77-11; abst. J. S. C. 1. 1920, 39, 229-A. F. 

Miles and J. Fenton, J. C, S. 1920, 117, .59; abst. J. S. C. I. 1920, 39, 229-A; 

C. A. 1920, 14, 1771; Chem. Zentr. 1920, 91, I, 813. H. Moore and G. 
Richter, Can. P. 1.5.3444, 1914 ; 2(H1396, 1920. H. Niedentiihr, D. R. P. 
Anm. N-11703, N-11727, 1910. G. Oddo, Ital. P. 114024. J. Parent, Ital. 
P, 121670, 1911. 1). PcniakoH, Ital. P. 128;14I. C. Renwick, D. R. P. 
Anm. R-.32.34.5, 1911. li. Rossiter, Can. P. 146935, 1913. H. Stout, Can. 
P. 106941. E. Sutcliffe, Belg. P. 2.58608, 1913. J. Terwclp, D. R. P. 30003,5, 
1917; abst. J. S. C. I. 1920, 39, 489-A. M. Trautz, D. R. P. Anm. T-2:14.58, 

1919. F. Voltz Sohn, D. R. G. M. 574423, 1913. 

2. Nitrogen Ltd., D. R. P, 312726, 1912; abst. J. S. C. I. 1920, 39, 
393-A. For recent data on obtaining sulfur from pyrites and other ores, 
suFates, sulfides and SOj, see Aktiebolaget Kolloid, Aust. P. Anm. 2.572, 
1913; Ital. P. 1.32.530; .Swed. P. 35W0, 1912. A.-G. f. Anilinfabrikation, 

D. R. P. 30071.5, 1916; abst. J. S. C. I. 1920, 39, 406-A; Chem, Zentr. 1920, 
91, II, 484. Badischc AniUn- u, Soda-Fabrik, D. R. P. 302433; abst. Chem, 
Zentr. 1920, 91, 11, 4:14; J. S. C. 1. 1920, 39, 365-A; D. R. P. 305123, 1917; 
atet. J. S. C. 1. 1920, 39, 29.5-A. E. Banes, Ital, P. 11777.3, 1911. G. de 
Bechi and S. Bomett, Belg. P. 2,56428. E. Bracq, D. S. P. 133.5271, 1918 
(see p. 1076); abst. J, S. C. I. 1920, 39, 36.5-A. British Sulphur Co., Belg.. 
P. 2.58764, 1913; Hung. P. Anm. B-6588, 1913; Norw. P. 30789, 1913, L. 
Btshnell and H, Clark, J. Ind. Eng, Chem. 1920, 12, 485; abst. J. S. C. i 

1920, 39, 447-A. Chance fk Hunt, Ltd;, D. R. P. 263389; Aust. P. Anm. 
10421, 1912. Chem. Fabrik Rhenania and F. Prohahn, D. R. P. 298844, 
1916. Chem. Ind. A.-G. and F. Wolf, D. R. P, Anm, C-19,581, 1910. E. 
Ciselct aud,C. Deguide, Belg. P. 2.56175. T, Clayton, E. P. 141681, 1919. 
C. Stevens, *Can. P. 195078, 1919. M, Comas y Gusi, E. P. 20758„.19l2. 
H. and M, Davi.s, J. Ind. Eng. Chem. 1920, 12, 479; abst. J. S. C, I. 1920, 
39, Sie-A. W. Feld. D. R. P. Anm. F-33663. F-34066; Ital. P. 1322.55, 

1913. H, Fischer, Chem. Ztg. 1920, 44, 239; abst. Cheyi. Zentt, 1920, 91, 
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hydraulic cement, and the mass allowed to s(;t without pressure, 
the eontact mass being composed of cement S5[ (, copper oxide 
10%-, alymina P. Haeseler' reacts witfi a reducible selenium 

compound containing oxygen, while C. Pllis- advocates an active 
basic tin compound and voluminous chromium oxide. The 
General Ivlectric Co.' specify “librox" (silicon oxvearbidei as a 

II, 7I>I; T. I-orhiii<l, It P. 4 .">()(h;:I. ,S, C.amliii, Hal. I“. 127'in. (nii.ial 

Chem. Co., Can. P. l loac’l, I t0.'iL’L’, lull’: Hili'.MO, Kiomi, I'.tlli. 11. 
Couthiere H Cic. anil P. Diieaneel, Ilnii.i;. P. Appl. (', .■t;i7,S, lull. \V. Hall. 
Port. P, .SKoil, Klia; Can. P. I(C’0,S2, Ida.iU.'i. Hil’.aK;. lOl.s. I. Hooil. I'. S. 

p. laaitH'), laaiii-Ki; c. a. luao, w, iiuh; i. ,s. c. i. luao. 39, 2 u.‘i-a i; p 

140844, 1018; ahst. J. S. C. 1. 1020, 39, aOa A: C. A. 1020. 14, 2242. Imheit 
Process Co., Ilelc'. P. 240.'>I.S, 1011. I). K.iselitz. Zts. ann. Cluni. 1020. 33, 

40; abst, J. S. C. I. 1020, 39, 20.7 A; C. A. 1020. 14, 20.70. j. Kicimaytr anti 
Hannovcrsclic Kaliwerke .A.-C,.. I). K. P. ai(K)72, 1010; altsl. J. S. C. 1. 
1020, 39, 40(eA. \V. Cainttrcaiix. Can. P 102010, 101.”>; 10011,42, 100.7.00. 

1010. P. Panzern, Hal. P. 117.002. P Patti. Hal. P. I I4.S22, 1011 M. 
JtalTo, Hal. P. 142127. M. Hntheninir);, li. P. 20040. 1012. I,, til I.niKi, 

Aiist. P. Anin. 4012. 1010. II. Starr, I S. P. 100.0410 'I'lic TliioKcn Co , 
Can. P. 147882. 148140, P.iia; 1002.81, lOl.O; Hal, P. 142.024, 1014; 1). K. P. 
Aiiin. T-17001, 1012; linns. P. Appl. 221.0. 'riionisin Clivin. Co., P'. P. 
-14.0107. Htll; Can. P. 1 . 00 . 801 , lol.a. I', lU-eraft, .\, Cicnlfr and rnitctl 
Filters Corp,, C. S. P. 1442.047. 1020; ahst. J. S. C. I. 1020, 39, 44.0 A, VV. 
Clifford and T. C.reen and I'nited Kilters Corp,. I'. S. P. 1442.012, 1020; 
abst. J. S. C. 1. 1020. 39, 40,0 A. K, Weeren. 1). H. P. 401712. 1010; absl. 
J. S. C. I. 1020. 39, aikO A. 

1. r. ,S. P. 14-11402, 1020; ;il,st. I. ,8. C. 1 1020, 39, .010 ,\; C. A. 
1020, 14, 2240. 

2. Can. P. 17714.0. 1017; 1.80002, 1018; V. S. P, 144.0101, P.I20; abst. 
J. .S, C. 1. 1020, 39, 4.0.0 A, 

4. r. S. P. 1200011. lOlO; abst, J. S. C. 1. lolo. 38, II.O-A; Iv. P. 
140011, 1010; abst. J. S. C. I. 1020, 39, 424-A. For tidtlilional data on llie 
ehainber anti allied ttroeesses, set- Aita, (',it)rn. eliim, inti. 1020. 2, 1; abst 

C. A. 1020, 14, I 14.0. A.-Ct. 1. Herttban. Hlei n. Zitikftibrik:ilit,n in West 
falen, t). K. P. Anm. .4-20,48. loll; abst. Client. Zli;. 1012, 38, 7.80. A. 
Burkhardt, I). K. P. -Anm. Ii-(i.8l02. B-t).0472; Hein. P. 2.02100; abst. Clieni. 
ZtK- 1014, 37, -172, Ii70, Cliem, Fabrik (Iriesbeim-Fleklrttn, I). K. P. 
40,0122, 1017; abst. J. .S; C. 1. 1020, 39, 404 A. N, Dekker, Can. P. 1074-10. 
1010. B. Dirks, I). R. P. 401701; absl. J. S. C. I, 1020, 39, 200 A. F.* 
DuPont de Nemours Powtler Cti., Can. P. 144.02.0, IttlO. Harkortselie 
Bergwerke u. Chem. ICtbriken zti Sehwtdt'ii n. Harkitrleii, I). R. P. Anm. 
B-70700; abst. Chem. Ztg. 1014, 37, SOI, F. Ilartmttn, Cics.. D. R. P. Anm. 
1I-.09000: abst. Chem. Ztn. 1014. 37, Olii; BelK. P. 2,08041, 1014. F, Hoelliiit!, 

D. R. P. Anm. II-.07.0.02. II. Isinn, D. R. IC Anm. 1 1.0-112. P. Jannaseh 

and F. Alberts, D. R. P. 418221; abst. J. S. C. I. 1020, 39, 404-A. (). Jensen, 

Oaii. P, 200440, 1020. T. Kalintiwskv. D. R. P. Anm. K-.0248.0. Kallen 
baoli, Chim. et Ind. 1020, 3, 107; abst. J. S. C. I. 1020, 39, 484-A. 1C. Far-, 

ison, U. S. P. 1412024; abst. C. A. 1020, 14, 2240, J. ,S. C. 1, 1020, 39, 404-A. 
J. Leitch, Can. 174402, 1010. R. Fessinn, IC. P. 140880; abst. J. S. C. 1. 
1920. 39, .421-A. Z. Fittmann, Atist. P. Anm. 4010, 1012; 1). R. P. Anm. 
F-36372; Belg, P. 200006, 1914. J. Flitjens, D. R. P. Anm. F 44.A00, Bill. 
G. FiittjEen, D. R. P. Anm. F-44400. R. Moritz, Belg. P. 2.A0r>81. Del 
Norske Aktiesclskab f. Flektrokemi.sk Inilustri. Can. P. I.AI01.5, 1014. J. 
Oliphant, Chem. Met. Fiig. 1020, 22, IDS; abst. C. A, 1020, 14, 1414. C. 
Gpl und FCrsJc Oesterr. Sodaftibrik, 1'. S. 1'. 10124.87, lOOti. F. Packard Ik 
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suitable support for^ other catalysts, especially for as platinum. 

In an amplification of the “heat-rise” method of testing 
sulfuric acid and olevm as described by H. Howard,' K. Curtis 
and F. Miles* (see p. 1127) have described a method claimed to 
be unusually accurate. 

Co., Norw. P. Appl. 14058,1918. C. Pasques, Belg. P. 254.54.5. P. Pipereaut, 
Mon. Sci. 1920, tt, 49; abst. J. S. C. I. 1920, S9, 401-A. Prym & Co., D. R. . 
P. ;il7166,1918;abst. J. S. C. 1.1920, 18, S21-A. K. Quinan, U. S. P. 1.148736, 
1920. G. Schlicbs, D. R. P. Anm. Sch-44189. 1913. H, Schncidt-r, D. R. 

G. M. 498495, 1912. H. Schellhaas, Chem. Ztg. 1920, 44, 122; abst. C. A. 
1920, 14, 2(m-. J. S. C. 1. 1920, 19, 2(i5-A. Taraud & Truchot, E. P. 9461, 
16866, 1911; Ital. P. 118863, 1911. H. Toblcr, U. S. P. 1332581; abst. 

J. .S. C. 1. 1920, 19, 333-A; C. A. 1920, 14, 1190. W. Waggaman, Can, P. 
17IS81, 1916. U. Wedge, Can. P. 102310, 1915. H. Welch, E. P. 134593, 
1918; abst. C. A. 1920, 14, 1189; U. S. P. 1.128.562; abst. C. A. 1920, U, 

1190; J. S. C. I. 1920, 19, 2.10-A. V. Zicren, D. R. P. ,110497; abst. J. S. C. 

I. 1920, 19, .1.56-A. Estner & Schmidt Ges., D. R. G. M. .5,51051. H. Paul¬ 
ing and Palpetersaure-Industric-Ges., G. S. P. 1061030. P. Guyc, U. S. P. 
10.57052. C. Bis.son and A. Christie, J. Ind. Eng. Chera. 1920, 12, 485; 
abst. J. S. C. I. 1920,18, ,511-A. 

1. J. S. C. T. 1910, 29, ,1; abst. C. A. lillO, 4, 100,1. 

2. J. S. C. 1. 1920, 19, 64-T; abst. C. A. 1920, 14, 1737. Concentra¬ 
tion of sulfuric acid has been reported upon by H. fiohre, U. S. P. 1.138418, 
Can. P. 201482; abst. C. A. 1920, 14, 1873, 2398. C. Diihne, Ge.sundheit- 
singenieur, 1920, 41, 145; abst. C. A. 1920, 14, 1937. A. Diiron, Aust. P. 
Anm. 819, 191.1; D. R. P. Anm. D-27048; Helg. P. 2.51251, 2532.52. A. 
Gellen, Aust. P. Anm. 5010. 1911. H. Green, E. P. 27209, 1910. W. Hof, 
Belg. P. 260299, 1913. T. Kilroy, Can. P. 170114. GriiOich von Eands- 
l)crg-Velcn u. Gemen’sehe Chem. Fabrik, Berg- ii. Hiitteuwerke, D. R. P. 
2.5237.1; D.R.P. Anm. G-.12278,G-:i2279, 1910; Aust. P. .59310; Aust. P. Anm. 
6790,l9ll;Hung.P.Appl.G-07,l9l();G-.14.15,l9ll;rtal. P. 1197.51, 1197,54, 
1911. Norsk. Hydro-Elektrisk Kvaelstofaktieselskab and E. Collett, Can. 

P. 169029; E. P. 130906; U. S. P. 1319.58(i; abst, J. .S. C, 1. 1919, 38, 945-A: 
1920, 39, :105-A; Norw. P. 231.51. J. Patten. G. S. P. I340290; C. A. 1920, 
14, 20.57. H. Petersen, D. R. P, .102.514, 1917. C. .StoOmehl, Belg. P. 258:123, 
191.1. P. Vialleix and F. Perrin. Aust. P. .549ti.5, 1912; ftal. P. 119511, 1911. 

A. Zanner, E. P. 19481, 1913; F. P. 402010; Ital. P. 130105. 1913; Belg, P, 
250249, 1913. See also K. Reusch, Report of Sulfuric Acid Industry for 
.1914; Chem. Ztg. 1915, 39, 281, 342, 398. Consult also S. Barth, D. R. G. 

M. .5498a5, .549800, 549815, .5.50018, .5.50019, .5.50020, .5.50784, F. Braunlich, 

D. R. P. 70881; Hung. P. Appl. B-6350, 191.1; Ru.ss. P. .10319, 1913. 

G. Clark, E. P. 144869, 1920. Konsortium f. Elektrochem. Ind. Aust. P. 
.53,514, 1912. V. Diiffield and F. Wright, G. S. P. 840288, 1907. H. Foote, 

J. Ind. Eng. Chem. 1919, 11, 029; abst. Chem. Zeiitr. 1920, 91, I, 815. A. 
Gasser, D. R. P. Anm. G-37742. 1912. P. Job and G. Grbain, Compt. rend. 
1920, 170, 84.1; J. S. C. I. 1920, 39, ;)fl3-A. T. Jones, E. P. 143651; J. S. C. 

I. 1920, 39, .507-A. A. Kohr, J. Ind. Eng. Chem. 1920, 12, 580; J. S. C. 1. 
*1920, 39, 514-A. I.. Nonnet, Belg. P. 247213, 1912. H. Reisert, G. S. P. 
713800, 748308. K. Rosenstand-Woldike, Chem. Ztg. 1920, 4^ 2.55; J. S. 

C. I. 1920, 39, .131-A. K. Scheringa, Pharm. Weekbl. 1920, 57, 421; J. S. 

C. I. 1920, 39, 542-A. A. Smith, Amcr. J. Public Health, 1920, 10, 265; 

C. A, 1920, 14, 17.59. L. Winkler, Zts. ang. Chem. 1920. 33, .59; J. S. C. 1. 
1020. 39,fc31-A. 
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MIXED ACIDS. 

Cellulose is never nitrated by means of nitric acid alone, hut 
always in conjunction with a water-absorbing body, sulfuric acid 
being universally u.sed for this purpose. Therefore, as a pre¬ 
liminary to the recording of the methods of cellulose nitration 
which have been proposed and are employed, the physics and 
chemistry of mixed acids first merit consideration, and an inquiry 
made into the effect upon the resultant cellulose ester produced, 
of the variables of nitric acid, sulfuric acid, ami the prorlucts of 
decomposition of nitric acid, in addition to the water present in 
commercial nitrating mixtures. 

An understanding of the effect of a jirepomlerance of one con¬ 
stituent over another in the esterizing bath is a preliminary to a 
proper conception of the factors which govcni variation in the 
physical and chemical properties of the ester produced. 

Properties of Mixtures of Nitric and Sulfuric Acids. A. 
.Saposchnikoff' has examined mixtures of nitric acid with in¬ 
creasing amounts of sulfuric acid with regard to the partial pres¬ 
sure of the nitric acid; the composition of the vapor carried over 
by air at 2o“; the vapor densities of the mixtures; and the specific 
conductivity. The acids used were sulfuric acid containing about 
07% of the monohydrate, and the strongest nitric acid (contain* 
ing, of course, oxides of nitrogen). The curves expressing the 
results obtained give no indication of the formation of compounds, 
such as the nitrosulfuric acid of Markownikoff, but point to the 
production of nitric anhydride to a small extent in presence of a 
large proportion of sulfuric acid. Experiments were also made 
wifli pure sulfuric acid monohydrate and nitric acid of sp, gr.’ 

1. J. Russ. Phys. Chem. Soc. If»03, 35,30.5. 1098; 1904. 38, .518; abst. 
Chem. Centr. 1904. 75, I. 1322; II. 390; J. S, C. I. 1904. 23, 88,5; J. C. S. 
1904, 88, ii, 2.51, .558; Bull, Soc. Chim, 19(44. 32, :162; 190.5, 3*,.173, 787; 
Rep. CWm. 1904, 4, 383; 1905, 5, 49, 146; Jahr, Chem. 19(M, 57, 451; Meyer 
Jahr. Chem. 19(44, 14, 191; Zts. physik. Chem. 19(41, 45, 097; Chem, Ztg. 
1904, 28, 405. 
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1.478 at 15°, containing 0.4% of oxides of nitrogen. ITie vapor 
pressure of this nitric acid is only 10.64 mm., i. e., much lower 
than that of acid of%p. gr. 1.52. With increasing additions of 
sulfuric acid, the vapor pressure rises attaining a maximum in a 
mixture containing about .15% of sulfuric acid. Further addi¬ 
tion of sulfuric acid causes a gradual diminution of the vapor 
pressure, almost in accordance with Henry’s law. Analysis of 
the vapors showed that from mixtures containing from 1(K)% to 
10% of nitric acid, they consisted of the pure monohydrate 
(nitric acid); from this point onwards, the nitrogen content of 
the vapors increased (up to 24% of nitrogen), apparently owing 
to a dehydration of the nitric acid, with formation of nitric anhy¬ 
dride. The results show distinctly that sulfuric acid dehydrates 
nitric acid amtaining water, and makes it thereby more active 
for the purpose of nitration. The specific gravity, electric con¬ 
ductivity and vapor pressure of mixtures of nitric and sulfuric 
acids have been examined by him.' 

For the vapor pressure determinations, nitric acid of sp. gr. 
1.5144 at 15° C., containing '.)S.!I5';( of nitric acid monohydrate 
(HNOj) and O.SS%. of nitrogen peroxide, and sulfuric acid of sp. 
gr. 1.841 at 15° C., containing OS' y of sulfuric acid monohydrate 
(H2SO4) were used. 'I'he results obtained arc given in the fol¬ 
lowing table; 


PcrcentaKO of 

Vapor Pressure 

IVrccntagc of 

Vapor Pressure 

vSulfuric Acid 

ill Mill, at 25® C. 

Sulfuric Acid 

in Mm. at 25® C. 

0.01 

10.20 

49.72 

:)0.30 

2.77 

41.24 

.59.9t) 

25..30 

9. Of) 

> 40.80 

09.80 

19.38 

18.79 

40.87 

79.77 

12.50 

29.94 

39.10 

89,53 

5.00 

.39.70 

34.48 




For the detennination of sp. gr. and electric conductivity, 
fiitric acid of sp. gr. 1.52, containing 94.85% of nitric acid mono¬ 
hydrate, 2.48%, of oxides of nitrogen and 2.67% of water, and 

1. A. SajMschnikolI, J. Russ. Phys. Chem. Soc. 1904, 3S, 069; abst. 
Chem. Ce«r. 1904. 75, tl. OS.'i; J. S. C. 1.1904, ^ 935. See J. Ru». Phys. 
Chem. Soc. 32, 37.5; 3^ 500; Chem. Centr. 1900, 71, 11, 708; 1901, II. 1.330; 
I. C. S. 1904, 85, ii, 614; Bull. .Soc. Chim. ItXlS. 34, 1068; Rep. Chim. 
190.5, 5, 186; Chem. Ztg. 1904, 28, ,574. 
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pure 100% sulfuric acid were used. The following results were 
obtained.' 


PercAtage 

Sp. Or. at 

lilectric 

Percentage 

Sp. Or. at 

Ivlectrio 

of Sulfuric 

25°'25" C. 

Conductivity 

of Sulfuric 

25° 25“C. 

Conductivity 

Acid 


at 25° C. 

Acid 


at 25“ C. 



1 

Mhos. j 



Mhos. 

0 

1.5100 

479,7">-* 

59.:i;i 

1 7898 

714 .5"' * 

1 

1 .51.31 

422 * 1 

09,00 

1.8213 

701.7“' ‘ 

2.05 

1..5211 

;t79.0'“-‘ 

79.00 

1.8595 

807.9'" * 

5,12 

1 ,5;!97 

4;i.3.0‘» ‘ 1 

.87.40 

1 KS07 

lM)r>.2“' * 

' 9.09 

1.5070 

r>i7. 

,89,82 

1 8810 

it,54.7"' < 

19.40 

1.(5192 

01i»..5'‘’-‘ 

92.20 

1 .87.34 

1013.9'“ -< 

29,31 

1.0008 

:>r)9.2“»-' 1 

94,75 

1.8(588 

974.1'" * 

38.00 

1 7087 

070,1"'I 

97.21 

1.8514 

787,9«o * 

.50.;«) 

1,7,VHi 

081.7'"-* 1 

](N) 

i.8:mo 

I45.S'» • 



.-. ---. __j 
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In continuation of his work- SaposclinikofI has recorded the 


following behavior t)f mixtures of nitric and sulfuric acids in 
proportions suitable for purposes of nitration: 

\'apor Pressure of Mixtures of Nitric Acid of sp. qr. i..fS and 
Concentrated Sulfuric Acid. The acids used were jnire 100' 
sulfuric acid nionohydrate (IIoSOi) and nitric acid of sp. gr. 
1.4()7 at C'., and containing 0.102' , of higher oxides of 

nitrogen, so that it had the composition: nitric acid, 82.S; water, 
17.2'!,'. The results obtained are shown in the following table: 

I’crceiitaRt.* by Wfiitht fotnjMjsItion. I’lt oiin. Vapor 

bv W'fiKlil l’rfs%tin* 

IVufiilfiKf 

of 


N’o. 

Nitric 

.4cid 

l.fs 

StiUurif 

Acid 

Nitric 

Acid 

Sulfuric 

AcitI 

W.itcr 

Mni, of 
Mercury 

NitroRfii 

ill 

Viipors 


10(1.U 


H.'i 2 

0.0 

II S 

10.04 

22,02 

1 

97.27 

2.7;f 

.S2. K7 

2.7a 

1 t, 1 

10.50 

22.40 ' 

2 

y-i. SO 

5.11 

HI t) 

.5.14 

la.sd 

21 . .50 

22.12 

a 

00,0 

10.0 

7c..b7 

10.0 

la.aa 

20. H 

22,2H 

f 

70. f>H 

20, :t 2 

r.7 s7 

20, a2 

1 1 Hi 

ai.ao 

22.50 


(iO.Hl 

ao. 10 

.50 4.H 

ao, 10 

10 aa 

aa.oo 

22.80 

(» 

.)lf.0l 

10.00 

.51 t)4 

40.00 

S . K7 

at. 12 

22 02 

7 

50.0 

50.0 

12 Gtl 

.50,0 

7 10 

ai. 10 

22.75 

s 

ao. 25 

(»0.75 

aa 41 

(>0,75 

5 . H 1 

24. KH 

22.10 

0 

:i0.2:i 

00 77 

25.75 

00.77 

1.4H 

1M.20 

2a. OH 

u» 

2(r(»7 

70, oa 

J7.10 

70. oa 

2.07 

M.40 

24.2 

il 

10.05 

HO. 05 

H, 5t » 

.so. 05 

1 40 


20.01 

IJ 

5.20 

04.71 

4.51 

04.71 

0.7S 




1. J. Russ. Phys. Clieni. Soc. 1905, 37, 574; abst. Chem. Ctiiitr. 1905, 
76, II. .381. Zts. physik. Chem. ino.'j, 51, 110.3. (100; 53, 22r)- Chem. Centr. 
1905, 76, II, 11.52; J, .S. C, I. I1K).5, 24, 1031; J. C. S. 190.5, 68, ii, 683; Jahr. 
Chem. 1905-1908, I, 110, 120, 1795; Meyer Jahr. Chem. IfKJS, 15, 94; Chem. 
Ztg. 1905, 29, 350. Cf. Chem. News, 1871, 23, 311; 1907, 96, llfc. 

2. Zts. Schiesis. Sprciig. 1908, 3, 201; alwt. C. A. 1909, 3, 8.30; Chem. 
Zentr. 1908, 79, II, 231; Meyer Jahr, Chem. 1908, 18, 310. See C. Kull- 
gren, Zts. Schicss. ^preng. 1908, 3, 140; abst, C. A. 1908, 2, 3146. 
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It will be seen t^iat the vapor pressure of nitric acid of sp. 
gr. 1.48 (10.04 mm.), is nearly three times as small as that of 
concentrated nitric acW, of specific gravity 1.52 (46.2 mm.;), 
probably owing to the nitric acid forming relatively stable hy¬ 
drates with the water, 1 mol. of water combining with several 
molecules of acid, and thereby considerably diminishing the con¬ 
centration by volume of the latter. This also affords an expla¬ 
nation of why nitric add alone, even when of the highest strength 
(sp. gr. 1.5-1.52), is not suitable for the nitration of cellulose, 
giving low-nitrated products; the water formed in the first stage 
of the nitration combines with the nitric acid to form hydrates, 
and in this way reduces the number of available molecules of 
nitric add. The maximum vapor is attained with a mixture con¬ 
taining 05% of nitric acid (sp. gr. 1.48) and 35% of sulfuric acid, 
or almost exactly . 5 HNO 3 -f 2 HjS 04 OHaO. 

Action of Water on Mixtures of Nitric and Sulfuric Acids. 
The addition of water to mixtines containing less than about 
00% of sulfuric acid causes a diminution in the vapor pressure, 
the effect being less as the percentage of sulfuric acid is increased. 
With mixtures containing more than (’)()% of sulfuric acid, how¬ 
ever, addition of water causes an increase of vapor pressure. 
This is due to the fact that with high percentages of sulfuric acid 
some of the nitric acid is dehydrated to nitric anhydride, which, 
on the addition of water, is again converted into nitric acid. 

Use of Mixtures of Nitric and Sulfuric Acids in the Nitration 
of Cellulose. A satisfactory acid mixture for nitration purposes 
must fulfill two requirements. It must contain sufficient nitric 
acid to give the desired reaction-velocity and degree of nitration; 
and its properties must not be appreciably altered by the water 
separated dwing the nitration. Mixtures which best answer the 
first condition have, however, the disadvantage that the volume- 
concentration of the nitric acid is strongly diminished by addi¬ 
tion of water. A mixture must therefore be chosen which has a 
vapor pressure less than the maximum, but which will bear ap 
addition of water without notable alteration. In the case of 
mixtures containing a relatively high percentage of sulfuric acid, 
an additiop of water must be made in order to prevent dehydra¬ 
tion of the nitric acid, with formation of nitric anhydride. ^ The 
composition of add mixtures for nitrating purposes may be 
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varied within wide limits, but the author considers tlml for the 
preparation of high-nitrated guncotton, tfie best results will, in 
general, be obtained with mixtures of nitrie acid of sj). gr. 1.4S 
with*from ()o% to 7-V/f of sulfuric acid. Probably the most 
suitable mixture is No. P in the table (seep. 1405 ) with the addi- 





Fig. 112.—Nitratio.n ok Cbu.ulosk as a Fcnction of thh Moi.iiei,XAH 
Composition of Mixkd Acid, and V'apor Tf.ission of Nitric Acid 


tion of 0 % of water, giving a mixture containing: nitric a^-id, 
24.20; sulfuric acid, 65.80; and water, 9.01%. 

In Figs. 112 and 113 arc shown graphically the results pub¬ 
lished by Bruley, Lunge and Bebie and Saposchnikoff,' prepared 
•1. Zts. Kchiess. Spreiig. IHOt*. 4, 441; abst. Meyer Jahr. Cheni. 19011, 
19, .33.3; Wag. Jahr. 1909, 55, I, 4.34; C. A, 191.3, 9, 1900; J. S. C. I. 191.3, 
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by himself on triangular coordinates—the most accurate and 
comprehensive method of representing the composition of ternary 
mixtures. The number# on the three central lines running from 
the comers represent the molecular percentages (not the per¬ 
centages by weight), obtained by dividing the percentage by 



FTg.*1I3. —Nitration and Solubility op Cbllulo.si! Nithatbs as a Function ok this 

.■tciD Composition 


we,ight of each of the three components by its molecular weight* 
adding the figures together, and working out the new percentages. 
On the same figure has also been recorded the vapor tensions, 
as will be observed, which have been previously discussed herein. 

It will be observed that for equal percentages of nitric'acid 
the vapor tension is at a maximum adjacent to the line joining 
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the points marked HNO3 and H.O, 1128 ^) 4 . which shows that 
when water is present in excess it combines with the nitric acid 
to form a less volatile compound, but the addition of sulfuric 
acid this removes the water from the system, and combines with 
it instead. There appears no evidence of anv combination of 
the nitric and sulfuric acids. The three curves I, 11 and III, 
.show the degree of nitration of the cotton, the space inside the 
curve I being the region of the endcca-nitrocelluloses (about 
Id.5% N), that between 1 and II the region of the deka-nitro- 
celluloses (M.S'/c N), while between II and HI are located the 
lower nitrates (so-called coIl(Klions) with !) to (> nitro-grouj)s 
N). Beyond curve III the nitration is probably in¬ 
complete and the products formed in general are of diminished 
or no industrial importance. 

, It will be seen from an inspection of the graph that the 
nitration curves follow a course similar to those of the vajror 
pressure curves, from whieh it appears that the system IINDn.HjO 
has little action on normal or unmodified cellulose, and that the 
presence of sulfuric acid is ncccssarv' to liberate the nitric acid 
from this combination before it can act. 

.Saposchnikoff has demonstrated' that there is a close rela¬ 
tionship between the vapor pressure of nitric acid, in mixtures 
of nitric acid, sulfuric acid and water, and the percentages of 
nitrogen in the nitrocelluloses obtained when cellulose is esterilied 
in these mixtures. His results indicate that the highest nitrogen 
content is obtained when the nitric acid is in the state of mono¬ 
hydrate, HNO 3 , while the lowest nitration products correspond ' 
to the nitric acid hydrate, HNOa.HzO. Thus, addition of 20'^,- 
2 .' 3 % of water to nitric acid of sp. gr. 1 .7)'2 causes a rapid fall in 
the vapor pressure from tti mm. to D.-I mm., and it is pointed out 
that nitric acid of this concentration gives rise to V'ieille’s tetra- ' 
nitrocellulose, C 24 H.w(N 03 ) 40 i«. Hn the other hand, addition of 
a large excess of sulfuric acid to nitric acid of sp. gr. l ..")2 causes 
dehydration, and consequently a lowering in the percentage lof 
nitrogen in the resulting nitration product. Ivxpcriments carried 
out with'a nitrating acid containing 34% of nitric acid, 01% of 
sulfuric acid, and 5% of water show that at temperajures vary- 

1 . Zts. Schie.ss. .SprenK. 190(1, 1, 45.1; ahst. J. S. C. I. 1907, 26, .34; 
Meyer Jahr. Chem. 1906, 16, .324; jahr, Chem. 190.5-190H, II, 977; J. Russ, 
Phys. Chegi. Soc, 1900, 38, 1192; C. A. 1907, 1, 1.324; J. C. S. 1907, 92, i, .390, 

* 
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ing from 0° to 40° Cj there is little variation in the products of 
nitration.'l 

According to K. Sfliaefer and H. N’iggemann,* the absorp¬ 
tion limit of 0.2-N nitric acid is displaced towards the ultraviolet 
even by 20% sulfuric acid, and the absorption curve being flattened 
at the same time, and this effect increases with increasing concen¬ 
tration of sulfuric acid. The sulfmic acid is considered to act 
as a dehydrating agent, displacing the equilibrium between the 
two modifications of the NOj group. 

ITie thermal properties of mixtures of nitric and sulfuric 
acids have been examined by P. Pascal,® who represents the 
data in two diagrams using triangular coordinates, and in which 
the independent variables are water, sulfuric acid and nitric acid. 
The firsl diagram shows the boiling points under normal pressure, 
and the second the concentration of nitric acid in the vapor. 
Three dotted curves in the second diagram represent the course 
of distillation of three different mixtures. Over a considerable 
area of the first diagram, ternary mixtures with a given content 
of sulfuric acid show a maximum boiling point, and the concen¬ 
tration corresponding to this maximum is displaced towards mix¬ 
tures low in nitric acid as the content of sulfuric acid increa.scs. 
The temperature of the maximum boiling point, after falling 
slightly in the region of mixtures low in sulfuric acid, rises again 
to about 160° for a mixture containing 65% of sulfuric acid, and 
here the maximum disappears. Diminution of pressure causes a 
slight increase of nitric acid in the vapors, but does not alter the 
general character of the phenomena. The addition of sulfuric 
a^id to concentrated nitric acid does not at first modify to any 
great extent either the boiling point or the concentration of the 
vapor, and in fact the latter is a function of the water content 
■ over almost the entire area of the diagram. There is, however, 
a rapid variation in boiling point in the neighborhood of mix¬ 
tures usually employed to nitrate cotton, and according to 

' 1. Zts. anorg. Chem. 1916, 9S, 77; abst. J. C. S. 1917, UZ, ii, 188; 

J. S. C. I. 1917, it, 641. C. A. 1917, 11, 562; Meyer Jahr. Chem. 1916, 
», 78; Wag. Jahr. J917, tl, I, 242. See also K. Schaefer. Zts. anorg. Chem. 
1916, 9t, 285; abst. C. A. 1917, 11, 425; Chem. Zentr. 1916, W, II, 980; Wag. 
Jahr. 1916, I, 247; 1917, » II, 241. 

2. CiSipt. rend. 1917, ISS, ij89; abst. J. S. C. I. 1917, !«, 1232,' C. A. 
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Saposchnikoff this would explain the relative difficulty of prepar¬ 
ing nitrocellulose intermediate between the coilodioii cottons and 
nitrocellulose of maximum nitrogen perA;ntage. On the second 
diagram a curve is shown, on the right of which mixtures on dis¬ 
tillation give vapors of continually decreasing concentration, while 
njixtures to the left of the curve (containing more water than 
the former) give on distillation vaix)rs in which the coiuentra- 
tion of nitric acid passes through a maximum. It can be shown 
that this maximum does not coincide with a maximum in the 
liquid under distillation, nor with a maximum in the distillate. 

W. Schulte' has described a compound of sulfuric and nitric 
anhydrides and water of the fonnula N 205 (S() 3 ).)H 2 (), a water-clear, 
white or yellowish crystalline mass, hygroscopic and sometimes 
forming rectangular plates, sp. gr. 2 . 1 .s!, m. pt. I);!" 104° and de¬ 
composing on heating with evolution of nitrous fumes; made by 
adding SO 3 to comvntrated HNOj until a solution is formed from 
which crystals arc deposited on cooling. 

According to C. Meigs,- a mixture of nitrogen and sulfur 
dioxide is produced by burning sulfur, the nitrogen is combined 
with hydrogen to form ammonia, and the latter is oxidized to 
dilute nitric acid. 'I'he sulfur dioxide is oxidized to sulfuric an¬ 
hydride, which is introduced into the dilute nitric acid to give 
concentrated nitric acid and dilute sulfuric acid, ami the nitric 
and sulfuric acids are separated. 

The United States Navy’ has specified that mixed acid for 
smokeless powder manufacture shall “consist of a mixture of 
nitric and sulfuric acids, which shall contain no other acids and • 
only traces of chlorine, and no salts other than salts of ir^n. 
The acid shall contain at least 9.')'^^ total acidity calculated as 
H2SO4, HNUa and N-^Oi. The H2SO4 shall not be more than 
4.5.5%; the HNOi shall not be less than 49'y,; and the lower* 
oxides of nitrogen, calculated as N 2 f) 4 , not more than l%.” 

In practical factory scale nitration—whether cotton, glycerol 
•r aromatic compounds—a dehydrating agent (sulfuric acid) al¬ 
ways accompanies the nitric acid, it having been found that even the 

1. U. S. P. 1047.576. 1912; abst. C. A. 191.!, 7, 68.5; Chem. Zlg. Rep. 

191.3, *7, 189; Mon. Sci. 1913, 79, 99. . 

2. U. S. P. 1120960, 1914; abst. J. .S. C, 1. 191.5, 3*, 176. * C. A. 191.5, 

9, 3.57; Mon. Sci. 1915, 92, 19; Chem. Ztg. Rep, 191.5, 39, 270. 

3. Specification 5X-A-3, July 10, 1913. 
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most concentrated nitric acid alone, does not work satisfactorily. 
Probably the main function of the sulfuric acid is to combine 
with the water split offc in the reaction and prevent its dilution 
of the nitric acid, but in addition, there is a large accumulation 
of experimental evidence in support of the statement that the 
sulfurio acid functionates actively in the formation of small and 
variable amounts of .sulfuric or sulfonic esters, whose presence, 
even in small amounts, is intimately associated with the stability 
of the final product, especially where this product is the highly 
nitrated celluloses. 

The nitric and sulfuric acids used in such immense quan¬ 
tities in the period 1914-1918, in general, were commercial prod¬ 
ucts of a high degree of purity. The sulfuric acid should be as 
free from lead as possible, and the nitric acid contain no hydro¬ 
chloric afcid. It is also highly important that neither acid should 
contain solid impurities which might possibly adhere to the 
nitrated cellulose, or which might interfere with the subsequent 
recovery of the waste acid.' 

Fortification and Acid Recovery. After nitration', the spent 
acid, richer in water and sulfuric acid and weaker in nitric acid, 
is usually run by gravity into a sump or tank, where by means of 
compres.sed air it is blown into storage tanks and there allowed 
to cool before being purified or fortified. Restoration of used 
acid is usually comprized in the three following steps: 

1. Elimination of impurities (fibers of cotton and nitrated 
cotton) in suspension by purely physical means. 

2. Removal of nitrogen oxides. 

3. Increasing the percentage of nitric and sulfuric acid by 
the addition of new acid .so the composition is brought to a definite 
percentage constant. 

4. Mixing the used and unused acid to form a new homo¬ 
genous nitrating mixture. 

In practice 3 and 4 arc practically one series of operations. 

Clarifying Spent Acid. In addition to varying proportions 
of oxides of nitrogen in solution, spent acid contains small amounts 

1. For action of HNO> on cellulose, .see H. de Mosenthal, J. S. C. I. 
1904, 2S, 292; 1897, 26, 443; J. C. S. 1911, 100, i, 711; Jahr. Chem. 1904, 87, 
1106. J. S. C. t. 1907, 26, 443; C. A. 1907, 1, 1770; Zts. ang. Chem. 1907, 
20, 1970; Ja'lir. Chem. 190.5-1908, 97.5; J. Soc. Dyers Col. 1907, 23, 214; 
C. N. 1907, 95, 189. J. S. C. 1. 1911, 30, 782; C. A. 1911, 5, 3153; J. C. S. 
1911, 100, i, 711; Chem. Centr. 1904, 78, 1,1625,1648; 1907, 78, II, 687,2039. 
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of cotton fiber and of nitrated cotton ia suspension which it is 
desirable to remove before reuse. These are mechanically elim¬ 
inated by filtration, through acid wa^ed sand or shredded as¬ 
bestos filters, or less often, a filter com])osed of highly nitrated 
cellulose—usually nitrocotton. 

In 1K,S2 I'. 1’(K>1' obtained ])atent protection for an improved 
process for removing flocculeiit matter from s]xnt acids used in 
the treatment of soluble fiber, by which he proposed to eliminate 
from the spent acid contaminated with "flock” of cellulose by 
the addition of barium sulfate in powdered form, agitating the 
spent acid with the barium sulfate and allowing the whole to stand 
until precipitation has occurred. The insoluble barium sulfate 
mechanically carries to the bottom the fibers in suspension, thus 
leaving a substantially clear solution. lie found that when a 
tank four feet in depth, containing some (iSO gallons of nitric and 
sulfuric acids is treated with dO pounds of finely powdered barium 
sulfate, precipitation ^vill be satisfactorily effected in from .'t(i to 
7(1 hours. Of course the amount of settling agent retiuired varies 
according to the consistence and the amount of insoluble matter 
in suspension in the spent acid. 

It. Allary- has proposed to clarify the waste acid in the man¬ 
ufacture of nitrocellulose by filtration through finely powdered 
cpiartz either as powdcreil tpiartz or sharp sand, subsequently 
obtaining the nitric acid therefrom by distillation. He has found 
that the waste acid can be used to jiroduce nitric acid of 4X.4° 
lid., preheating it with sodium nitrate in the usual manner. The 
following material of J. Porter,'' claimed as especially useful fof 
nitrating acid, is formed of 7.)', ;' to .So';,' (fuartzsand and 2.5% to 
15% of powdered glass, fused together at a temperature of 1(140° to 
1700°, depending on the kind of glass used. The so-called “car¬ 
bon stone” of ,S. Bornett^ is obtained by grinding coke of low 

1. P, S. P. l«S2. J. Hyatt aiul P. Pool, U. ,S. P. 274.1.%'), 

bSSfi. M. befferts, li. P. 24, IK,S2; abst. J. S. C. I, 18S2,1, :i2. 

2. Bull. Soo. Chiin. 1KK7, (21, 47, 102; abst. Wag. Jalir. 1S«7, 3S, .'>70; 

• Vide, J. A. C. .S. 1880, 8, 171; 1887, 9, .'IH; J. C. ,S. 1887, 52, 770; CHern. 

Ind. 1887, U, IIK); Paint, Oil & Drug. Kept. 1887, 13, 0 , Kl; Proe. II, S. 
Nav. Inst. 1887, 13, 410. 

3. U. S. P. H1760I, 1914; ab.st. C. A. 101.5, 9, 4; J. S. C, I. 1915, 34, 
16. See J. Porter, U. S. P. 1118141, 1014; It. P. 22080, 1914; abst. J. S. C. 

1, 1»15, 34, 69, 1197, » 

4. D. R. P. 241710, 1909; abst. C. A. 1912, 8, 2151; Chem. Zentr. 1912, 
83, I, 170; Chera. Ztg. Hep. 1912, 36, 27; Wag. Jahr. 1911, 57, I, 651; Zts. 
ang. Chwi. 1912^25, 128. 
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ash content, mixing it with about 20% tar and stamping in forms, 
and then burning with the exclusion of air. This material, it is 
claimed, can also be used for the filtration of highly concentrated 
boiling hot solutions of caustic potash or caustic soda without 
being appreciably attacked. The C. 

Brockbank apparatus for filtering cor¬ 
rosive liquids* and shown in Fig. 114, 
comprizes a filter plate formed of car¬ 
borundum without any binder and the 
supports 5 and suction bell j are 
formed of .sjlica or an acid-resisting 
silicon alloy. 

Filtration through a fine mesh Apparatus for Futerino 
platinum .sieve has l)ccn rccom- 

mended, but the cost of such a sieve has precluded its general 
use for this purpase. In the Thomson displacement method 
of nitration there is but little cotton or other flocculent matter 
in su.spcnsion in the used acids, due to the fact that they are so 
accurately removed from the nitrating cellulose that the latter 
acts as a filter to retain all the fine, solid particles. 

In the two methods of acid mixing, i. e., agitation and by air, 
mechanical agitation by means of a stirring arrangement pro¬ 
vided with paddles is used when a horizontal mixing tank is 
employed, and in this instance preferably mixed while the acid 
is on the scales, when other acid can be added thereto, and the 
mixing continued to the proper composition. With a vertical 
lank-—where the length is several times the diameter—agitation 
by compressed air is preferable. In this method there is a max¬ 
imum and usual lo.ss of 0.1% nitric acid from the fumes blown 
put in the process of blowing in agitating the acid—which on 
large scale factory operations is a point not to be lost sight of. 

Recovery and Fortification of Spent Acid. Frequently acid 
from the manufacture of nitrocellulo.se is usually revived by the 

1. U. S. P. 115287.';, li)15: abst. C. A. 101.5, 9, 2729. In respect to 
the lower oxides of nitrogen. J. Pitman (J. S. C. I. 1900, 19, 645) has ob¬ 
served that in ptircha.sing mixed acids for nitration purposes, these oxides 
are usually limited to a maximum of 0.05% calculate as NsOi. After re¬ 
building the uhid acid a number of times, the lower oxides will increase to 
0.2%-0.3%. According to Pitman, if these lower oxides are neglected in 
calculation or considered as nitric acid, the guncottm formed therefrom will 
be substantially the same. 


n 



Kio. 114 .—The Brockbank 
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addition of fuming sulfuric acid (olcuin).aud concfiitrated nitric 
acid, for by the use of .'idyc oleum it has been found iK)ssibIe to 
indefinitely fortify waste acid, so thaf at the present time it is 
usually unnecessary to discard any of the spent acid from the 
nitrating process. Before the advent of oleum as a commercial 
commodity, it was found impossible to indefmitely strengthen by 
the addition of sulfuric and nitric acids each time, the (juantity 
of spent acid remaining from the nitrating |)rocess. It therefore 
became necessary after each nitration to discard a portion of the 
nitrating acid. This, especially, was found tnie in the displace 
ment process where the amount of waste acid is considerably 
more than in tlie centrifugal method, for the recovery of the 
waste acid is much more comi)letc ;is some of it becomes diluted 
with water used for the displacement. By tlie empj()yinent of 
oleum of to (K)''; and nitric of !).")', and higher, it has iH-en 
found that indefmitely rejinenation <if s|ienl aci<l is possible, so 
that its use beeciines a continuous cycle, in those factories having 
arrangements for recovering nitric acid, it has been found more 
economical in general to use oleum of 21)' J to 20' j strength. 
When the nitration process has been jrroperly carried t)ut the 
refortified acids are but little less efficient than new acid, at least 
in the manufacture of the higher nitrogen comjrounds of cellulose. 
The organic impurities formed in small amounts in the nitration 
process either are washed away in the purification of the nitrated 
product, or are completely oxidized by the nitrating mixture if 
they have passed into solution. The (juantity of organic im¬ 
purities remaining in the acids, therefore, is comparatively smalb 

W. Will has found nitrosugars in waste hitrating acids, labile 
others have reported the presence of appreciable quantities bf 
oxalic acid. 

In the process of W. I’oetsch' for the treatment of wastE 
acid after nitration, the acid is heated to 1(1.')° whereby the nitro¬ 
compounds contained in solution are supposed to he destroyed, 
• while part of the nitric acid is reduced. By means of the heat 
evolved, the nitric acid is partially volatilized, but may be re- 

1. D. R. P. 2m»-, abst. Wag. Jahr. IS8t, 30, ; Bicd. Tech. Chem. 

Jahr. 188(t, 7, l.W; Chem. Ind. IfItM. 7, IS8,'), S, Itt; Induslriebldtter, 

1885. Ifl; Chem. Tech. Rep. ISKI, II. UK); Ding. Poly. J. fi«5, 2SS, 2ie: 
J. S. C. I. 1885, 4, 24.3; Ber. 1884, 17, U, oOtt, (>25; Jahr, Chem. 1884, 37, 1752. 
See M. Schall, Zts. Schiess-Spreiig l!)17. 12, .57; C. A. 1918, 12, 031. 
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covered by an arraugenv-'nt consisting in the main, of a stoneware 
vessel with a sieve bottom and filled with pieces of clay. The 
denitrated sulfuric acid flows off at the bottom while the nitjjous 
oxides are oxidized with air and recovered in large Woulfe 
bottles. 

C. Claes.sen,‘ after nitration and centrifugalizing of the 
nitrated material, injects sulfuric acid in the running centrifuge, 
whereby the nitric acid retained in the nitrating mass is thus 
replaced by the less expensive sulfuric acid, the latter being re¬ 
covered by injecting water. In this manner a larger proportion 
of spent nitrating acid is said to be recoverable. 

'fhe method for re.storing the strength of nitrating baths in 
the manufacture of guncotton, as devized by G. Mowbray- and 
shown in J^ig. 115 was at one time used on a considerable scale 



Fig. 115.— Mowbray Apparatus for Restoring Nitrating Baths 


in the United States. The nitrating tanks are eight in number, 
arranged upon a tum-tablc .4, the tanks being filled with a stand¬ 
ard mixture and are then charged with cellulose, which after 

€ 1. D. R. P. 200292, 1900; abst. Wax. Jahr. 1008, 54, I. 4.12; Zts. ang., 
Chem. 1908, 21, 1854; Chem. Zentr. 1908, 79, II, .5.59; Chera. Ztg. Rep. 
1908, S2, 445; Chem. Ind. 1908, 31, 505; Mon. Set. 1911, 74, 93; J. S. C. I. 
1908, 27, 961; Zts. Schiess. Sprcng. 1908, 3, :«5. 

2. 11. S. P. 3,50497, 1886; abst, J. A. C. S. 1886, 8, 239. K. P. 13011, 
1886; abst. J.«oc. Dyers Col. 1886, 2, 191; J. S. C. I. 1886, 5, 688. In Zts. 
Schiess. Spreng. 1914, 9, 317, 329. A. Oelker has tabulated the patents cov¬ 
ering the peri^ 188^1914 relating to nitric acid manufacture, including 77 
imtent spcciOcations. 
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treatment in the required time the mixture is placed in the cen¬ 
trifugal separator R to remove tlie spent acid and store it in the 
tank C. The deficiency in each nitratinjj tank caused by the 
removakof the wet nitrocellulose is then made up from the lank 
D which contains a mixture of acids of higher strength than the 
standard mixture, so that upon mixing with the weakened acids in 
the tank the whole will be up to the strength of the standard mix 
ture. The tank 1 ) is charged from the s])ent acid tank (' and the 
concentrated acid tank F is the weighing machine upon 
which the drums of acids are ])laced, the acid being then <lis- 
charged into tank li by forcing com])rcssed air down the pi])e 
H into the dnun. Comjiressed air is also used for charging tank 
D from the tanks C and K. K is the coil for controlling the tem¬ 
perature of the mixture from the tank /Mo the nitrating tanks. 

K. du Pont' has devized a centrifugal machine for anilin- 
nally separating the acid from guncotton, thereby elTecting the 
saving of labor and in.snring a more constant condition of operation 
in the separation, and which at the same time jirocides means for 
continuously feeding in a proper manner the material through the 
centrifugal machine and also provides certain simple mechanisms 
by w’hich the machine is moved relati\'ely slowly for driving the 
parts of the centrifugal machine at a high speed, yet with the 
necessary relative difference of s])eed betrveen the gears. 'I'he 
principle is shown in Figs. I Hi and 117 , in which it will be seen that 
the guncotton and acid are continuously fed through the hopper 
21 and tube 8 through the .spaces between the arms of the spider 
4 into the interior of the rajiidly rotating perforated cylinder 2, 
the material being continuously fed into the perforated cylinder 
2. This is rapidly rotated upon the horizontal axis and .subjected' 
to centrifugal action, the acid passing through the perforated 
wall of the cylinder and escaping into the casing / and thence by 
the off-take yy, tfie guncotton, of course, remaining in the per¬ 
forated cylinder. As the guncotton thus becomes freed from acid 
it is fed through the horizontal rotating cylinder 2 and escapes^ 
at ftie left-hand end, past the arms of the spider j into the cham¬ 
ber ly and thence by way of the off-take ly. The feed of the 
material through the rotating horizontal cylinder is controlled 

, * 

I. V. S. I*. 1024024, ]!)12. A. Charles, li. f. Appl OOHH, 1010 l< . 
Chatficld, K. P*. 10012. 1891; abst. Mon. .Si-i 1.809, 42, 142. 




Fin. 116.—Du PontJSystem for Removal of Acids from Nitrocellulose 










































K(p. 117.—Pu Pont System for Kkmovai. of Acids from 
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and governed by th| speed of the slanting blades or feeders 13, 
which rapidly revolve, yet more slowly than the perforated cylin¬ 
der, and this difference in speed is important because it admits 
of a desirable yet continuous feed for giving rise to a continuous 
stream of acids, and likewise a continuous stream of nitrating 
cotton. To prevent leakage of both liquid and air so that air 
is excluded from the casing, stuffing 1x)xes or glands, 34, are 
applied between the ends of the housing or casing and the in-take 
tube 8 to the sleeve 7. According to the claims of the patentee, 
the nitrocellulose subjected to the process which is outlined, is 
maintained out of contact with air so that the former, as well 
as the apparatus itself, are prevented from undergoing those 
chemical changes due to moisture in the atmosphere. The point 
claimed is that better and more unifonn results arc obtained by 
the removal of acids from the nitrocellulose when the atmospheric 
air is excluded because the moisture may, and is quite apt to in¬ 
duce certain undesirable chemical changes in the nitrated product. 

A process for renewing waste acids from nitration as patented 
by the Salpctersaurc Industrie Gesellschaft' depends upon the 
concentration of nitric acid by electrolysis. The patentees claim 
this method of concentrating is applicable for any degree of acid, 
even the pure monohydratc, and is characterized by the conduc¬ 
tion of the nitrogen oxides formed at the coil into the liquid sur¬ 
rounding the anode, where they dissolve and are oxidized by the 
oxygen at the anode into nitric acid. It is advantageous in this 
method to cool the nitrogen oxides before passing them into th^ 
nitric acid surrounding the anode so that the NO2 is liquefied,' 
qnd drops in this form into the HNO3. NO2 mixes much more 
readily with the anode liquor when li<)uefied where the gas is 
difficultly soluble, and in order to bring it into solution, working 
' under pressure would be necessary. The reaction should be so 
conducted that the nitration of the acid does not become too 
low; also that the current strength does not rise too high so that 
nitrogen is produced. The working of the process must be so 

1. D. R. P. 1800.')2, 1905; ahst. Chem. Zentr. 1907, 78 , 1, 1083; Chem. 
Ztg. Rep. 1907, 31 , 86; Zt5. ang. Chem. 1907. 21 , 1,321; Wag. Jahr. 1903, 51 , 
446; Jahr. Chem. 1905-08,1. 1794; Chem. WeekbUd, 1907, 1083. D. R. P. 
180587, 19(ki, addition to D. R. P. 180052, 1905; ab.rt. Zts. ang. Chem. 1907, 
20 , 1196; Chem. Zentr. 1907,78, It, 115; Chem. Ind. 1907, 30 , 90; Wag. Jahr. 
1907, 53 , 1,419; C, A. 1907, 1 , 24,36. - ' 
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adjusted that only NO and NOj are forjucd, thereby giving a 
method in which there is considerable latitude as regards conc'en- 
tration of the acid employed and the cnfrent strength. The acid 
to be concentrated is profitably previously saturated with nitro¬ 
gen oxides so that the oxygen formed at the anode will find some 
oxidizable material at the coinnieneeiuent of the process, and 
thereby will not escape as such. 

The method of fortifying by the addition of a crystalline 
nitrate (usually sodium or potassium nitrate) and dejH'nding on 
the sulfuric acid in the nitrating mixture for the liberation of 
nitric acid in statu nascendi has been discarded on account of 
iuterfcrence by the large amount of potassium or sodium sulfates 
formed by the interaction of the sulfuric acid on the nitrate.’ 
The use of a nitrate soluble in water, the corresponding,sulfate of 
which is in.soluble (calcium, strontium barium) has proven un¬ 
satisfactory in that it introduces another operation, that of filter¬ 
ing off the precipitated insoluble sulfate, and additional expense 
is introduced into the process from the excess amount of sulfuric 
acid required to unite with the base.’ 'I'he process of S. Mackie 
and C. Faur6 is similar,’ except they employ barium carbonate 
and subsequently eliminate the COj formed by the interaction, 
Hollings, ('i. Jarvis and ('.. Hell* have described an ap¬ 
paratus especially applicable for treating and recovering the u.sed 
acids from the manufacture of nitrocolton where more uniform 
distribution of air in liquids is required. \ chamber which is 
in.serted in the liquor to be treated is jirovided externally with one 
or more .series of concentric rings or division pieces. This chain- * 
ber is filled with air or gas, delivered through suitable perfora¬ 
tions in the bottom or sides, or between the rings. In the R. 
Sohlman and W. Wilson process of concentration designed 

1. F. Pool, t:. S. P. .'KW.slO, I88-); ;w()«22, iH80; .'WaK.')!), 1880: abst. 
Wag. Jahr. 1886, 32, OI'.I; J. A. C. S. 1886, 8, 0.8, 171, ,Sce also H. Maxim, 
U. S. P. 479988, 1892; abst. J. A. C. ,8. 1892, M, 29.'>. A. Nobel, K. P. 1818, 
1864; abst. Mou. Sci. 1874, 16, UKil; 1905, 6S, 81. 

• 2. J. Hyatt and F. Pool, U. ,S. P. 274885, 188,8. F. Pool, 348»)0, 

1886. The most elaborate and expensive system of nitrating acid fortifica¬ 
tion is probably that of J. Hyatt, F. Pool, J. Hverding, J. Stevens and W. 
Wood (U. S. P. 299.888, 1884), designed for handling large quantities. It 
has been estimated that its equipment and installation would cost at least 
one hundred thousand dollars. • 

• 3. E. P. 3612, 1874. 

• 4. E. P. 12286, 1901; abst. J. ,S. C. 1. 1902, 21, 904. 
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especially for the treatment of waste nitrating acids,* the mixture 
of acids to be treated flows continuously through a vertical con¬ 
duit or column of acid-froof material filled with silica and heated 
externally, a current of hot air or other gas being led in the*oppo¬ 
site direction through the conduit or column, 'fhe liquid is fed 
into the top of the closed chamber, subdividing it into even 
streams during its descent through the chamber by means of 
acid-proof contact surfaces, these streams coming in contact with 
the continuous current of a hot vaporiaing gas which is cooled 
during its ascent among the subdivided streams and also ex¬ 
teriorly heating the chamber by continuous currents of hot gases. 

W. Dreger* has proposed to minimize the loss of nitrating 
acid in the water used for drowning the nitrating charge by wash¬ 
ing each fre.shly nitrating charge with the wash water from the 
previous charge. Six nitrators are arranged in about the center 
and so connected that the spent acid may be drained from each 
as desired, then water added and transferred in succession from 
one to the next by means of compressed air. Each nitrating 
charge is thus washed six times with the acidified water from the 
charge ahead of it, the water not being withdrawn and replaced 
by fresh water until it no longer increases appreciably in acidity. 
ITie nitrated cotton, after six washings in waters of various 
acidities is washed once more with fresh water, withdrawn, and 
then given further hot washings in the usual method. Apparently 
the main idea of the process is the economy on acid waste without, 
however, sufficient regard to the uniform subsequent stability of 
the nitrated product. 

It was R. SchUpphaus who first patented the use of sulfuric 
anhydride for the replenishing of spent nitrating acids.® 

In the case of the process of H. de Chardonnef* for the purifi¬ 
cation of nitric acids used in the esterification of cellulose, the 
waste acid mixture is heated up to 170 ®, at which temperature 
the nitric acid readily distils off, the nitric acid thus being sep- 
a];alcd from the sulfuric and thereby fr^ from solid impuriti^ 

1. U. S. P. 1U091W5. U)U; abst. C. A. 1912, 6, 277; Mon. Sci. 1912, 
77, lao. 

2. Zts. Schiesa. Spreng. 1913. S, 325; abst. C. A. 1913, 7, 3840. 

3. U.S. P. 626752, 1894; abst. Mon. Sci. 1895, 48, 73. E. P. 18883, 

1894; abst. Chem. Ztg. 1896, J#, 204. ' 

4. D. R. P. 56655, 1890; abst. Mon. Sci. 1894, 44, 29; 1905, 88, 321; 
Ber. 1891, 24, 1004; Wag. Jahr. 1891, 37, 1113; Zts. ang. Chem. 1891, 4, 466. 
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by the process of distillation, and mixed with further amounts of 
nitric and sulfuric acids for nitrating purposes. 

The use of waste spent nitrating acjd for the manufacture of 
acid^ihosphate, as advocated by V, Tribouillet and I,, de Besau- 
cele' has, so far as aware, never l)een ojK-rated commercially. 

KviukIi & Company, I,t<l., and .\. Cocking- purify and con¬ 
centrate mixtures of sulfuric and nitric acids by placing the acids 
to be purified and concentrated in a cast iron or other suitable 
still capable of withstanding atmospheric ])ressurc, and exhausting 
by means of a ptimp to produce a partial vacuum within. I>ur- 
ing the exhausting process heat is applied to the acid from outside 
and under the combined influence of reduction of pressure and 
the application of heat, nitrous fumes of the acid are disengaged 
and carried away to be suitably condensed or absorbed. When 
the nitrous or other ftnnes have been driven off the lu'ating and 
evactiating is contintied and in time the sulfuric acid loses its 
water and becomes more concentrated. 

C. Kaesemacher utilizes the waste acids from nitrating proc- 
es.scs bv combining the separation and concentration by the old 
process by running them down a tower intercejited with acid- 
proof materials where they meet an ascending stream of hot air.” 
The process as patented in the 1!. ,S. by h'. Jensen is now anticiuated.^ 

Iv. Hartmann’’ concentrates waste acid frotn nitrating iiroc- 
esses up to ()1° (sp. gr. 1.7d2) in six lead pans, after which 
the acid at a temperature of 1-1.')° to l.■)()° passes through a small 
preliminary cast iron jian which is provided wdth a lead IkmxI 
and a chimnev for removing \apors which contain but little acid. 
In this manner a concentration represented by a sp. gr. 1.7S.') to* 
1 .7(H) is obtained, at which point the acid is allowed to run into 
cast iron pans with cast iron covers, one placed above the other, 
wherein the sulfuric acid is then concentrated to to (ts'/f. 

• 

A. Pohl and the Detitsche Ton- und -Steinzeugwerke" de- 
nitrate in columns made of quartz-glass about 111" wide and (I' 0" 

1. IC. P. r)0.')7. 1878; abst. J. ,S. C. I. 18!t.'). 14, U, 180. 

’ 2 K P. 288111, 189(), K. P. 22717, 18%; abst. Arms and Kxpl. I»!I7, 

6 , .32. 

.1. E P. 2382. lt«)8; abst. J. S. C. 1. 11108, 27, 1010. E. P. 38)783; 
ah.st. Chem. Ztg. Rep. 11X18, 12, 380. 

4 V .S. P. 284742, 1883. Cf. P. Castellanos, II, 8. P. ltW2(K). 

• .-). Chetn. Ztg. 1890, 21, 147; abst. Chem. Centr. 1890, ft, f, 1300. 

0. Zts. ang. Chem. 1912, 25, 1833; abst. C. A, 1912, 5, 3170. 
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high, in which, when heated by steam at 200°, 8 tons of waste 
acid containing up to 8% nitric acid may be successfully treated 
in 24 hours. Each coluqim consists of iron pipes of 2' 6' diam.,' 
fitted with quartz rings, resting on a perforated plate, the smper- 
hcated steam being introduced in the center of the bottom pipe 
by means of a tube of such shape that the steam blows straight 
upwards.' The nitric acid vapors issue from the top of the tower 
into a very cool receptacle consisting of five quartz gla.ss tourelles 
of 2.65 cubic feet capacity, each with vertical tubes; the vapors 
not condensed there pass on to the wash tower filled with pieces 
of quartz. 

The nitric acid recovery processes of J. Leitch' and R. Craig, 
et al.,* are more applicable to the waste acid from the nitration of 
toluene. 

For tlie recovery of nitric acid in nitrating mixtures, S. Stol- 
zcnwald,® V. Vender* and F. Nathan and J. and W. Thomson,* 
have obtained patent protection. 

The removal of nitrogen oxides is accomplished in several 
ways, the most important method being to blow compre.sscd air 
through the mass, thus driving the gases out of solution, which 
are then led through condensing towers of brick or volcanic 
stone and into a weak alkali solution, forming nitrates and nitrites 
useful as fertilizers. Another plan proposed is to eliminate the 
oxide by gentle heating of the mixed acid but the disadvantage 
of this suggestion is that nitric acid also is volatilized. 

Aspirating cold air through spent acid is tedious and not 
always successful and calls for previous drying of the aspirated 
air. Physical absorption with pumice stone has been disappoint¬ 
ing.' A system of aeration in which the spent acid in a thin 
stream is allowed to meet a heavy blast of air has apparently not 
fulfilled the claims of the inventor, due to the inevitable weak¬ 
ening of the spent acid, if the volume of air is sufficiently increased 
to substantially eliminate all the oxides. The amount of nitrogen 
oxide,s present in the majority of instances is less than 1%, and 

1. K. P. Ktl.'i; abst. J. S. C. I. 1916, 35, 869. C. A. 1917, U, * 

i;!G4. 

2. u. P. 23181, 1914; abst. J. S. C. I. 191.6, 34, 98,6. 

3. Aust. P. 42408, 1910. 

4. Aust.a>. 43749, 1910. 

5. Bclg. P. 218933, 1909. See also K. P. 10171, 1909, K. P, 406806; 
abst. J. .S. C. r. 1910, 29, 564; Cljein. Ztg. Rep. 1910, 34, 151, 
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in 'many nitrating houses this amount is neglected and is not 
eliminated. The degree to which the nitVating acid has been 
weakened by the process of nitration will«de{x-nd uix)n: 

(S) The amount of nitrogen introduced into the celIulo.sc. 
The higher the cellulose nitrate the greater the nitric acid ex¬ 
tracted per unit weight of celhdose esterilied. 

(b) The method of nitration used, 'riiere being less loss of 
nitric acid and nitrogen oxides in the air with the displacement 
method than with the hand, pot or centrifugal nitration proc¬ 


esses. 


(c) The temperature of nitration. I'lie higher the temper¬ 
ature the greater the loss of nitric acid from evaporation. 

(d) The extent of “fuming" in the individual nitrations. The 
greater the “fuming” (that is, liberation of nitric oxides) the 
weaker will the spent acid become in nitrogen. 

It must be remembered that in the nitration of benzene, tolu¬ 
ene and other aromatic compounds reiiuired in the manufacture 
of dyestuffs where the waste acids contain but little nitric acid, 
generally only about 1' !, and with nitrobenzene usually less than 
0.3'/(. The case is entirely dilTcrcnt, however, with the waste 
acid from the manufacture of explosives, where the nitric acid 
content is much higher than those from the manufacture of 
nitrobenzene. A typical nitroglycerol waste acid will have the 
composition of about HNO.i 10' r. HiSOi 70' r, HaO 20'/, , whereas 
the acid from guncotton manufacture will contain nitric acid 11% 
to U%, sulfuric acid S0''i to 84' ,', while the balance is water. 

To guard against accidents caused by' leaking valves or cor¬ 
roding pipes, it is advizable to leave the spent acid in storage 
tanks until shortly before use, these tanks being located 11^' 
gravity so that in the event of leaks in valves or pipes, no acid 
will run out. The fortified nitrating acid which consists of (a) , 
the maximum in percentage of used acid which when combined 
with (b) sulfuric acid cither 08% or sulfuric acid 98% containing 
varying amounts of oleum, and (c) a mixture of nitric acid 50'^, 
to 00%, of sulfuric acid 45'}(:, to 35';; or less often (in the United 
States) 98%.' The composition of the spent and strength of the 


] R. Schtipphaus (t). S. 1’. 5267.52, abst. Mou. Sci. 189.5, 

73. a P. 18883, 1894; abst. J. S. C. I. 1894, 13, 1220; Chem. Ztg. 1890, 20, 
204) wa.s the finst to patent the streugthenini! of nitrating acids by the use 
of sulfuric anhydride. It is a f|ucstinn not fully ascertained whether the 
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fortifying acids having been obtained analytically they are mixed 
in certain proportions'to produce the desired mixture. 

In the C. Kaesmacher process of separating nitric from 
sulfuric acids,' and concentrating the latter, the acid liquid is 
finely divided by means of refractory materials contained in a 
suitable^ tower, and subjecting the finely divided liquid to the 
action of a current of hot air for the purpose of simultaneously ^ 
concentrating the sulfuric acid and separating it from the nitric 
acid without dilution. 

As advized by F, Zeisberg,' acid mixtures containing 64% 
or more of H 2 SO 4 and from :{%-2.5% HNO 3 , such as spent acids 
from nitrating cellulose, are treated with a current of hot gases 
and steam, and the-nitric vapors carried away and condensed. 

He has described and illustrated a concentrating tower for carry¬ 
ing out the process. 

The essence of the invention of J. Brooke" consists in taking 
waste acids such as are produced in making picric acid, and con¬ 
centrating them in earthenware, enameled or other acid-proof 
vessels provided with coils or jackets through which pressure or 
superheated steam is circulated. A battery of vessels, each fed 
from a pipe and discharging into a trough may be used, the vapors 
being led to a fume pipe. Alternately the vessels may be arranged 
so that the acid flows through them in series. 

The W. Furness filter press plate, for filtering waste acids,' 
comprizes a frame provided with tightening bolts extending 
through the top and bottom bars of the frame enclosing filter 
, panels of earthenware or other acid-resisting material. The panels 
have vertically grooved surfaces, the lower ends of the grooves 
communicating with discharge channels in the frames. 'Fhose 
parts of the frame which are exposed to the action of the acids 
« are protected by a lead or other suitable covering. 

In the process for producing mixtures of sulfuric and nitric 

use of the anhydride is prejudicial in any way to the nitrated cotton. For 
the recovery of nitric acid in the quartation of silver alloys, see D. Fitz- 
Oirald, E. P. 6.171. 18&1; abst. J. S. C. 1. 1885, 4, 225; Wag. Jahr. 1886, 

20 . 1 . „ 

1 . E. P. 2182, 1908; abst. C. A. 1909, 3 , 1.180; J. S. C. 1.1908, tl, 1019. 

2. U. S. P. 1292948, 1919; abst. C. A. 1919, 13, 998; Mon. Sci. 1919, 

86, 48. 

1. E..P. 120951, 1917; abst. C. A. 1919, 13, 610; J, S. C. I. 19J9, 38, 

92-A. 

4. E, P. 124974; abst. J. S. C. I. 1919, 38, 313-A. 
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acids as perfected by J. Nield,' gaseous sulfuric anbydride is 
passed upwards through a scrubber into tfic upper part of which 
a mixture of sulfuric acid and weak nitrfc- acid is sprayed. From 
the ftiixed acid discharged at the lower end of the .scrubber, a 
portion is withdrawn as final product. The remainder is mixed 
with a further (juantity of weak nitric acid, any nitric acid vapor 
evolved is condcnscil and returned to the mixed acid, and the 
latter is c(X)led and again sprayed into the upper end of the 
scrubber. 

In the method of F. du Pont- the retort in which the nitric 
acid is generated is connected to an absorber containing sulfuric 
acid, by circulating conduits, one of which conveys the nitric 
acid vapor to the absorber, while, by the aid of a blower, the 
other conduit returns the unabsorbed gases. 'I'lie al^sorber is 
preferably fitted with an agitator. 

O. Outtmann^ maintains that a perfect mixture of nitric 
and sulfuric acids may be made by simply running the sulfuric 
into the nitric. However, it is almost the universal practic-e to 
agitate the mixture either by compres.sed air or by stirring. With 
the former the elimination of nitrogen oxide fumes is of additional 
advantage. 'Phe compressed air' may be first cixiled and dried 
by refrigeration, as suggested by li. Hasketh and F. Willcox. 

In order to facilitate the condensation of the acid fumes and 
their admixture with the liquid, and at the same time safeguard 
the destruction of the mixing apparatus by the solvent action 
of the fumes, 1'. Du PonP' has designed a plurality of condensing 
chambers arranged in series (see Pig. 1 IS) and connected together 
at the top and Ixittom, the first chamber being also connected 
with a retort or other apparatus for generating the acid fumes to 
be condensed. A cooling tank is also provided and connected to^ 


1 U S P S8KW.5, mns; abst. J. S. C. I. 1008, 27, HI', M<m. Sci. 1009, 
n, 28;'Chcm. Ztg, Rep. 1000, J2, 28.1; C. A. 1008, 2, 24,12; Zts. Schiess. bpreng. 

J909. 4, l^ g p 74;jp 22, 1(H),1; abst. J S. C. I. lOO:!, 22, 1202; Chem. Zts. 

4904, J, 143, 1; abst. J. S. C. 1. llHll, 20, 8,10. 

4 ! E r’ 1416, 1905; abst, J. S. C. I. liHl.l, 24, 1084; Zts. Schiess. Spreng. 

1906,^ 1 o ^ ^ 730 (} 25 , 1SK)3; abst. Mon. Sci. lOOl), 59, 182; J. A. C. S. 1904, 
25R>140. For description of air compressors for pumping acids, sw Anon^ 
C A 1909 S» 1575. The T. Briggs acid-distributing apparatus, js described 
in ll.'s. P.'l0326.57. 1912; abst. C. A, 1912. 6, 2676. 
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the condensing vessels, being provided with means for cooling the 
liquid within it, and also for inducing circulation. 



Eig. 118.—Ths Hu Pont Apparatus por Condensing and Mixing Acids 


The invention of P. Castellanos' relates to the manufacture 
of nitro-sulfuric acid, especially designed for the manufacture of 
nitroglycerol, considerable economy of both time and material 
being claimed. The acid mixture is obtained at the time of nitric 
acid manufactiue by the use of sulfuric acid vapors as a con¬ 
densing agent, the niter and sulfuric acid being introduced into 
a retort, and heated. The retort communicates with a series of 
vessels containing instead of water or dilute nitric acid, sulfuric 
acid which condensed the nitric acid as it is distilled over, and 
forms a compound therewith. This compound is then used for 
nitrating purposes. 

Irrespective of the particular method of acid mixing em¬ 
ployed, it is customary where possible to arrange the tanks at 
such a height that their contents will flow by gravity into the 
weighing tank scales, and thence into the nitrating house. 

The spent acid is pumped into one of the storage tanks, the 
other two containing the sulfuric acid and the nitric acids re¬ 
spectively. Of the various mixing scales in use, in the United 
States, those of Fairbanks Co. of New York, shown in Figs. 119 
■ and 120, has proven satisfactory, both in delicacy, freedom from 
attack by acids, and length of life, but also on account of their 
simplicity of action. By means of pipes connecting the weighing 
scples with each tank, the required amounts of each acid arg 
weighed in separately, and by means of a stirring arrangement 
connected with the interior of the scales, the contents are slowly 
but tlioroughly stirred for a considerable time (about three- 
quarters oJ an hour) to insure complete mixing. A sample is 

1. U. S. P. 164260, 1875. 




Kic!. 120. — Fairbanks Scale 

These scales, shown in Figs. 119, 120, aie designed especially for the weighing 
of cprrosivc fluids, as nitrating acid. The scales can be constructed so as to 
admit of mechanical stirring devices in the mixing tank, without impairing the 
accuracy—which is usually about 5 lbs in a 60,000 lbs. charge 
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then withdrawn and subjected to analysis, any further adjust¬ 
ment of strength being m|de in the manner just described. From 
the scale tank the acid is run into the nitrating centrifugals or 
pans by gravity as required, or another storage tank may be pro¬ 
vided, in which instance a day’s supply ahead can always be kept. 
Nitrating* houses and fortifying hou.ses are usually arranged on 
a hillside if possible, in order to take advantage of varying heights 
for gravity flow of acids. The acid tanks ("eggs”) are usually 
constructed of high carbon iron, the Bessemer steel tanks of G. 
Mowbray having apparently not ceme into use. 

It is almost superfluous to point out that when nitric acid 
is being miked with sulfuric acid or with oleum, or during the 
regeneration of waste acids from oleiftn or nitric acid, rise of 
temperature is always accompanied by the appearance of nitrous 
fumes. It is imperative, therefore, that the weighing and mix¬ 
ing vessels should be as tightly closed as possible and the con¬ 
tainers provided with an efficiently working exhaust pipe, that 
the deleterious fumes may be reduced to a minimum. 

Inasmuch as the presence of nitrogen oxides in nitrating 
acids is decidedly objectionable, it has been found expedient, 
wherever possible, to house in acid tanks of all kinds, it having 
been found that exposure of the tanks to the sun tends to decom¬ 
pose the nitric acid with an increase in evolution of nitrogen 
oxides. 

Nitrocotton Spent Acid Recovery. Gretna Practice. The 
following method indicates the high efficiency with which the 
' recovery of nitric and sulfuric acids has been developed in Eng¬ 
land, as exemplified by H. M. Factory, Gretna (Domock Area). 

The spent acid is run into a cast iron still heated with a gas 
fire, and the nitric acid in the spent acid distilled over into a 
'condensing system. The residual sulfuric acid in the still is then 
removed to a concentration plant. 

The spent acid storage consists of a number of cylindrical, 
mBd steel boiler tanks of the usual type, built upon brick pier% 
above the level of the stills in the house, so that all charging of 
the stills is by gravity. The boilers are preferably inclined so 
that one eqd is two inches lower than the other in order to allow 
solid impurities to flow towards the sludge outlet. At the op¬ 
posite end and on the floor of the boiler is the acid onto, into 
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which fits a cfrc plug ccntnil!e(i !)>• a lexer and cliaiii. The nin- 
ofT is supplied with a Quinan xaixe in iwidition to a plug valve, 
and is connected to a three-inch ini’d stjcl acid main. Kach boiler 
is qfluipped with a gauge glass, and is capal'lc of holding St) tons 
spent acid of sp. gr. l.dS. In the I'nited States tic almost 
universal practice is to use Ivx'crlasting acid valves, the acid 
boilers containing up to 17.’) tons (in this instance short tons) of 
used nitrating acid. 

The boiler is provixled xvith a man lu)lc on the top, sur¬ 
mounted by a tripod supporttTig a dipping rod. -At a depth of 
()' ()" an overflow pipe runs common to all boilers, and similarly 
a coinnion d" main feeds a main of the same diameter, which runs 
the entire length of the still house, hrom this latter, e.uh still 


is charged. 

The stills are arranged jireferably in batteries of»three, and 
each consists of a cast iron, cylindrical vessel with a spherical 
bottom, the b<jdy being 2". and t1ie bottom r thick. A siitis- 
f.actory size has been found to be, total depth, 7', diameter, l)^ 9 , 
width of lid :i' 4 ". and width of lid to man hole, I' S", Uach 
still, for best results should be enclosed in a brick setting. Ihe 
dome cover has a flattened top, and is attached to the pot by 
means of a rnst joint, the lid being bolted on to the top of the 
dome cover. The lid is recessed to a depth of -',2 and I- 
diameter ronud a circular hole S" in diameter. Into this hole is 
fixed the still head. The man hole lid is perlorated with a hole 
:P 4 " in diameter, through which passes a 7' di]) pipe reaching 
to the bottom of the still, and also with a 1 " hole to allow an air 


pipe being fixed. . 

The still is said to take a charge of seven tons of spent ijcid. 
and when in continuous use the nitric acid can be distilled off 
in nine hours, the complete cycle from starting one charge to the 
next being twelve hours, thus allowing two charges per day tb 


be worked. , n •)'c," 

Hot producer gas is used for tiring, snpphe.l by a fine d I 

. deep and .T wide, running the full length of the still house, ikteh 
still is supplied with its own 4" control gas valve xvhich sits on 
the top of the flue ami at the side of the rloor of the combust.on 
fumac'e. Heating of the still is controlled within yarrow limits 
by^his arrangement. The gas is mixed with air, the combustion 
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takes place within a firebrick chamber 22" x 48"' x 24*. The 
products of combustion" are removed through three circular flues 
built round the body of t^e still, connection between each being 
by means of vertical shafts placed in front of and behind " the 
setting, with the result that the gases are forced to pass directly 
round the body of the still before emerging into the adjacent 
horizontaf flue. Kach of these flues is provided with two explo¬ 
sion doors at the front of the setting, and two behind the setting. 

The waste gases leave the setting by means of a long vertical 
flue running down from the topmost horizontal flue to a waste 
gas flue 3' C" x 3' wide, which runs underground behind the whole 
length of the house. In the middle of the waste gas flue a large" 
flue runs off at right angles to the chimney stack, the latter being 
built of steel plates riveted together, is 120' high and lined with 
firebrick the first third of its height. 

A lead pipe 2 V 2 " internal diameter conveys the spent acid 
from the charging main to the “still, and also delivers the residual 
acid at the end of the distillation into the launder leading to" 
storage of weak sulfuric acid. 

The connection between this pipe and the 3" feed main con¬ 
taining spent acid consists of a 1’,'/ lead U-bend, with two plug 
cocks situated in front of the latter. The charging and blowing 
pipe is supported on channel iron, and continued out of the house 
to the launder above mentioned. Between the launder end of 
the charging and blowing pipe and the inlet from the U-beud is 
placed a 3" plug valve, which is always closed during distillation 
and charging. The other end of the charging and blowing pipe 
iS bolted to a swan-neck connection of the “dip” pipe in the still. 
This pipe is of cast-iron or Narki metal, the latter, although more 
costly in initial outlay, is finally cheaper than cast-iron, because 
of its much longer life. \ cast-iron dip pipe 7' 2" very easily 
efiokes with sulfate, and corrodes rapidly. The still is charged 
through this pipe, the contents at the end of the distillation being 
discharged through it. 

The launder is for the conveyance of re.sidual sulfuric acid “ 
to the weak sulfuric acid storage, runs the whole length behind 
the house and about 20' away from it, being supported on a 
wooden trestle and consists essentially of a leaden trough sus¬ 
pended in Water, contained in a wooden launder. It is built in 
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60' sections with a fall of 1 in 120 and the acid is delivered into 
it by the 2 V 2 *’ blowing pipe connected to the dip pipe already 
described. • 

"fhe greater length of the launder is ^ shaped and the 

remainder is \_/. The half round shape gives much lietter 

results by reason of low maintenance cost, as compared with the 
other. Each 00' length is suspended in its own water bath sec¬ 
tion, with independent water supply and overflow scupjiers, the 
water used being waste water from the acid mixing plant, but in 
the event of this failing, there should also be direct connection from 
the water serv'ice main. In the water-cooled portion of the laun¬ 
der the sulfuric acid is ccH)led from 200° to 100°, and reaches the 
storage tanks at 70°-.S0°. 

The still head is a two-way piece with internal diapieter of 
8" and made of Narki or other acid-resistant metal, fixed to the 
S' opening in the lid of the still with/^ast-iron collar plates bolted 
down at its base. The vapors pass up into the still head, and are 
shunted through the bend into the uptake. The short vertical 
extension of the still head is used for dipping, and to allow the 
fixing in of the sealing plug when the contents of the stilt are 
ready for discharge at the end of the distillation. 

The scaling plug is a flat disc of cast-iron, having an elevated 
rim on its circumference which fits into a groove running round 
inside the bottom of the still head, the object being to totally 
seal the vapor outlet from the pot in order to allow the residual 
acid to be blown out of the still by means of compressed air. 
The acid is blown back through the dip pipe into the launder. 
The compressed air is allowed to enter the still through a small 
V 4 * pipe screwed into the man-lid, the supply of air to the stills 
being brought from a common air main running the whole length 
of the house, by means of individual 1" pipes. The pressure of 
air in the common main is kept at 10 lbs. per square inch, being 
reduced to this from SO lbs. per square inch in the main air line. 

The uptake is the vertical continuation of the still head, aq^ 
essentially a straight pipe 8" in diameter and made of Narki 
metal. 'The uptake is continued with a bend which joins to the 
end of the cascade; the latter being inclined to the vertical at 
abouf 70°, and is built up of a series of earthenware ^ipes 8' in 
diameter, of which there are 5 in number, about 3' 6' long. It 
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is built upon a wooden trestle supported at each end, and runs 
from the top of the still to the condenser sta^g. Underneath 
the whole length of the cascade runs an earthenware gutter for 
the purpose of catching drips from cracked pipes or leaky ^joints. 

In the Hart’s condenser the nitric acid vapors pass through 
glass tubes cooled externally with cold water. The condenser 
consists in the main of six standards, 78 glass tubes and a double- 
socketted “S” bend. The gaSes after travelling the entire length 
of the cascade are directed into the “S” bend, whidi is an earthen¬ 
ware pipe 8' in diameter,' supported on brick piers at a point 
just below the condenser platform. Into the sockets of the “S” 
bend are. jointed two base pipes (Narki metal) which lead lip 
through the floor above the “S” bend. Two standards 6' in 
height are then erected vertically, and in connection with the 
base pipes. At a point 6' 6" away and directly opposite, are 
arranged two other standards of the same height and material; 
the latter being known as “back standards.” 

The front and back standards are connected in patallel by 
means of glass tubes, 52 in nuinber or 26 in each set, each of 1 Vi' 
diameter, and inclined at an angle so that condensed acid inay 
run back to the front standards. They are clothed' with good 
absorbent cloth, threaded S-wise through the stabk of tubes. 
Water is fed from an aluminium distributor ruhning parallel with 
and situated above the top glass tube, with the result that the 
water flows down over the absorbent cloth, thus -exposing wch 
glass tube to a cooling surface. The vapors- are condensed, and 
owing to the fall in the glass tubes, the condensate flows towards 
the front standards and there falls down into the S-bend. 

The rcmaint’er 'of the gases which are not condensed in the 
first two units running parallel, pass from the glass tubes into 
the first and second back standards, the only outlet of which is 
placed in the top, the other end of the standards, which rests on 
the floor, being closed. This- marks a difference from the front 
standards. The gases entering the back standards and leaving 
by the top meet ih a junction piece of G' pipe leading in to the top 
of a third back standard. The gases from the third back stand¬ 
ard are led by 26 glass tubes to the third front standard. 

The- tubes of this third and last set'are clothed -wi^i ab¬ 
sorbent cloth, and water is fed over them as over the other sets. 
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further condensation takes place, the condensate running in the 
same direction as the gases, whereas in the first two units the 
gases and condensate flow in the opposite direction. A point of 
differtoce between the third front standard and the other two is, 
that the former has an opening at the top which is connected to 
a fume main to be described later. The surplus water ninning 
from each of the three stacks of tubes falls into an earthenware 
pipe leading to the drain. 

The acid condensed is run off into a main through what is 
known as the “still watcher.” That collecte<l in the S-bend is 
■ made up of what has condensed in the cascade by air cooling, 
also some condensed in a similar manner in the body of the bend 
and the major portion from the glass tubes running in the first 
two rmits. But the acid condensed in the third standard does 
not run into the S-bend. In this case, the acid leaving the ends 
of the tubes with the third standard^falls to the bottom through 
the base pipe which pierces the condenser platform, and collects 
in a small cylindrical catch-piece (i” diameter and runs off to the 
still-watcher, where it joins with the acid from the S-bend. 

The still-watcher is a “U” piece of earthenware with a "T” 
piece fixed on one end and a saucer fixed to the other end. The 
“T” piece receives the acid from the S-bend of the first two con¬ 
denser stacks, and the acid from the snuUl catch-piece of the 
third condenser stack. The acids are mixed and flow by gravity 
through the otlier limb of the “U” and overflow into the saucer, 
which has two run-offs 1" diameter—one to the strong and the 
other to the weak acid main. 

It will be observed that the U-bend forms a natural seal, and 
also that the open end of it affords a convenient place for takiflg 
the gravity of the distillate. The one-inch run-offs are provided 
with earthenware cocks, enabling the distillate to be run into 
the strong, or the weak main as desired. 

The fume main is made of earthenware pipes 9 diameter, 
well supported on a good wooden trestle, and runs the whde 
length of the house in front of each set of condensers. The mmn 
is connected with the condensers through an inverted “U” pipe 
4 ' diameter. There are 30 such connections, each provided with 
a damper, so that any still may be shut off from the4ume main 
if necessary. The main falls from each end of the house towards 
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the middle, where it branches off into a 9' main running directly 
to the absorption sysfem. 

The strong and wetk acid mains are of 3" earthenware pipes, 
joined together and resting in wooden brackets, and arS sup¬ 
ported on a brick pier, with a fall of 1 in 120. They lead to the 
strong and weak acid receivers respectively. 

The 3' main conveying strong acid delivers into a main of 
the same diameter which runs immediately behind, and the full 
length of the strong acid receivers. From this latter main five 
3' branches run off at intervals between each two receivers and 
deliver into coolers, the latter consisting of a 2" lead coil, 60' in 
length, immersed in a bath of running water. There are five such 
coolers, and the coil of each terminates in a “T” piece so that no 
one coil_will serve two receivers. It has been found, however, 
that a 2" coil is insufficient to carry the delivery of a 3" main 
when 22 or more stills are,.running, and in order to overcome 
this difficulty two additional coolers are required, allowing two 
coils to be used to fill one receiver. 

The strong nitric acid receivers are six in number and are 
constructed of lead, strengthened with timber battens and iron 
hoops with lead cover, supported by covered iron rods. They 
are 8' 3" in diameter and 2' 9" deep, carried on a reinforced con¬ 
crete floor on brick pier at a suitable height to give a gravity feed 
to the mixing station, each receiver having a working capacity of 
about six tons of strong nitric acid. The content of each receiver 
is run off at the bottom through a 2" earthenware cock into a 3" 
lead main. Samples can be drawn; the receiver can be dipped 
through a hole 5" in diameter in the lid situated near the edge, 
compressed air being used to agitate the contents before sampling. 
Each receiver is fitted with a 4" earthenware fume pipe, having 
t a damper, the fumes being led into the 9" fume main previously 
described. 

ITie weak nitric acid receivers are supported on a concrete 
fljjor built on brick piers at a height of 8' 4*’, of earthenware, and 
each has a working capacity of approximately 0.7 ton of weak 
acid at 1.4 sp. gr. Each receiver has a diameter of 3' 2" and a 
depth of 2' 0*, with a 2* fume outlet connected to the O” fume 
main. TRe 3' acid main running to the weak receivers has ten 
branches, each of which feeds one receiver, the outlet from each 
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receiver running into a common 2' earthenware main. The inlet 
and outlet cocks are 2"' plug tyjjc. • 

For the purpose of collecting drips orwashings from receivers, 
etc., an earthenware egg is placed on the ground floor of the 
plant, being filled from an earthenware main in connection with 
the various points of the house. The capacity of the egg is 77 
gallons, and when full is discharged by means of compressed air 
at 10 to 15 lbs. pressure, the discharge being a 2' earthenware pipe 
which branches off to both the strong and the weak receivers, and 
into which the contents of the egg are blown according to strength. 

In construction, the absorption system is almost the same 
as that used by the retorts. 'I'he packing of the towers belonging 
to the stills is different from that in the retort towers, quartz 
being used in the latter but .\ccrtngton rings in the former. 
These latter consist of a hollow cylinder, punctured at each end 
to give a cartwheel design, which fits loosely into a ring 4" diameter 
and 3" long. The whole is made of acid-resisting earthenware, 
and the rings arc packed end upon end. The earthenware ring 
packing has the following advantages over (piartz packing: 

1. Proportionally greater free space 

2. Proportionally greater wet surface 

3. Greater uniformity 

4. Less liability of choking 

5. .Small lateral pressure on the tower body 

The spent acid to be distilled has an average sp. gr. of 1 .(ISO 
at 15°, of a pale straw cohjr, gives off nitric acid vapor on exposure 
to air, and contains a slight amount of sludge which is chiefly 
ferric sulfate. Its average composition by weight is: HNOj 
10.3%; ILSO, 00.9%; ILO bS.S%. 

The action upon mild steel, lead or cast-iron at ordinary 
temperatures is not excessive and it may be stored in boiler tanks 
of mild steel with safety. 

The storage of the spent acid is at such a height that all 
stills can be charged by gravity. The storage boilers are sludg^ 
periodically and kept well painted. All valves, both inlet and 
outlet, are kept well greased, and turned at least once every day. 
The staging and steps afound the storage boilers are well painted 
and also well illuminated for dipping, etc., during the»night. A 
gangway runs across from the charging platform of the house. 
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SO that in the event of valve trouble speedy communication is 
possible. ♦ 

From the dimensions of the pot, the tonnage or capacity is 
found, and on this plant a charge of 4' 9" of spent acid js ap¬ 
proximately seven tons by weight. When the charging valve is 
opened the acid runs in with a force dependent upon the head, 
twenty minutes being taken as the average time required to run 
in a charge. The pot is dipped at intervals with a copper rod 
having a ring marked at a point 4' 9" from its bottom end; 
The rods are checked in measurement weekly. 

Iron rods have been tried, but overcharging frequently occurs 
by reason of “sweating” on the surface when the rod is put into 
the still and giving a very indistinct mark. More recently an 
electric charging appliance has been used which measures the 
charge with a “dry” dip and rings an alarm bell when the still 
is fully charged. When the charge has been run in, the still is 
sealed at the still head in readiness for distillation. Two stills 
can be charged at the same time, but then the charging time is 
lengthened from twenty to thirty minutes. 

After distillation is complete the fire is drawn and the cover 
from the still head removed. The blowing plug has been pre¬ 
pared, and this is immediately screwed into position by means 
of a screw clamp. In preparing the blowing plug, it is necessary 
to provide it with a suitable packing that will witlistand the 
temperature and the acid fume, and it has been found that as¬ 
bestos cord is the best for this. One piece, if properly handled, is 
sufficient for twenty or more blows. When the plug is in posi¬ 
tion the air pipe is connected up, the still and compressed air 
timed on at a pressure of 10 to 11 lbs, .per square inch. The 
supply should be perfectly free and steady, and the dip .pipe 
, clear of sludge. As the pot empties the rate of discharge of the 
residual acid somewhat diminishes, due to increased lift as the 
acid level in the pot lowers. 

The fire may be put on when the still is half charged, and 
a**good brisk fire kept until distillation commences, which is ou 
the average, 2Vs hours afterwards. The fire is lessened some¬ 
what when distillation has commenced, but care should be taken 
in avoiding decrease of temperature. It will often be necessary 
to increase the fire towards the end of the distillation rather 



MIXED ACIDS 


1439 


than reduce it. Without good firing dependable results are diffi¬ 
cult to attain. A slow, inactive fire gives a very unsatisfactory 
distillate, large quantities of nitrous acSl being formed, and the 
distillation becoming unduly lengthened. 

Vapors begin to pass over at 00° containing much of the 
nitrous acid from the spent. At 135° a good distillate is ob¬ 
tained, and it is at this point that most of the HNO.i is obtained. 
The temperature of the vapors passing up through the uptake 
gradually increases and the IINt):i content correspondingly dimin¬ 
ishes until at a temperature of 1'15°-150° the distillation is com¬ 
plete. This point, however, is not determined by temiierature, 
but by taking the gravity of the distillate. When the gravity 
of the'distillate has fallen to 1.300 the distillation is considered 
complete. 

The whole of the distillate from a charge is run into the same 
receiver, and the resultant is an aci<f of average strength of S9.i)% 
HNO3. Each seven-ton charge of spent acid gives apprt)ximately 
1.4 tons of 11 X 0 . 1 . 

The control of the condensers is an important item, and care 
is specially reqtiired in water feed. Spent acids from w)tton 
nitrations contain an appreciable amount of nitrous acid. It 
is, therefore, more economical to condense UN O 3 only in the con¬ 
densers and allow the nitrous acid to pass on to the absorption 
system. This can be controlled on the condensers only, and is 
of much importance. To successfully carry out the elimination 
of nitrous acid to the maximum, it is necessary to run the con- ^ 
densers as hot as consistent with efficient condensation of the 
nitric acid throughout the whole distillation. More water* is 
required on the condensers in the middle of the distillation than 
at the beginning or at the cud. , 

All gravities of the distillates arc taken on the still-watcher, 
or gravity platform which runs directly underneath the condenser 
platform. I'he gravity njan informs the fireman when a still h^ 
finished; preparations are then made to “blow” the still and'clean 
the gas yalye. As soon as a receiver is filled, a sample is drawn 
for analysis, but it is essential that the contents of the receiver 
be ifrell agitated with compressed air before being sanfpled. This 
serves the double purpose of removing nitrous acid and mixes 
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the contents. The ^sample is then forwarded for analysis. 

Owing to the much greater amount of oxidizable nitrogen 
compounds entering th(? still absorbers as compared with those 
of the retorts, a somewhat different method of control is required. 
The Pohle air lift works much faster, and ensuing oxidation 
reaction, is more intense, while the yield of HNOs is considerably 
greater. The gases enter during the summer months with an 
average temperature of 30° and by the time they have reached 
the third tower in the set, the temperature has risen to an average 
of 50°. 'fhe strength of acid in the towers varies between 9% 
and 10% of the total HNOj made, and contains on the average 
0.1% nitrous acid. 

Benitration of Waste Acids. The prodigious amounts of 
nitric and sulfuric acids used at the present day for nitration of 
cellulose and other bodies, are, in keeping with modem ideas of 
chemical conservation, re-en(i.>-gized, rejuvenated and fortified for 
re-use, so that in large scale commercial nitration processes at the 
present time, only 2% or 3% of the nitric acid is ultimately lost. 
The economical fortification of exhausted nitrating mixtures has 
reached a high state of perfection, due to the researches of 0. 
Guttmann, H. Chardonnet, C. Jahn, V. Vtader, R. Evers and 
others. . 

In 1886 O. Guttmann and M. Abelli carried out exhaustive 
experiments on the recuperation of waste nitrating baths and the 
regeneration of the nitric and sulfuric acids contained therein in 
a form and purity suitable for re-use. Formerly the custom was 
. to increase the nitric in the spent acid for one or two re-nitrations, 
but the increment of water split off in the esterifying processes, 
and the rapid acaimulation of impurities soon unfitted the mixed 
acid for use, when it was discarded. This particularly was the 
'case when highly nitrated organic bodies were being prepared, 
where also the waste acids from a higher stage of nitration were 
employed in the preliminary nitration steps. This method of 
nitrating acid conservation has its limitations, and is applicable, 
economically in comparatively isolated instances. Especially is 
this trae when some of the products of nitration or subsidiary 
products formed in the normal esterification process are soluble 
in the nitrahng fluid. 

The spent acid is denitrated for the recovery of the nitric 
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and sulfuric acids contained therein. In general, these processes 
depend in the main upon the extraction dr, elimination, of the 
nitric acid portion by some fractionation process involving dis¬ 
tillation, the temperature being raised either by external heat as 
by pressure steam distillation, or more usually upon the intro¬ 
duction of jets of dry steam, hot anhydrous gases or dry air. 
Denitration proper is usually pcrfonned in high, acid-proof towers 
of refractory material, the interior being filled with small pieces 
of acid-resisting material especially manufactured for this pur¬ 
pose. 

The denitration installation is based essentially upon the 
principle of the intrtxluction of a slow stream of waste acid at 
the top of such a tower which gradually flows downward, being 
impeded by a contrarily moving stream of steam or hot air which 
enters at the bottom of the tower. By this method tlie volatile 
acid (nitric) vaporizes, leaving tin* non volatile acid (sulfuric) 
behind, to be purified and separated from dissolved and insoluble 
impurities by a separate process. 

The average composition of the waste acid from nitrocellulose 
manufacture will vary as to whether hand, centrifugal or dis¬ 
placement systems of nitration have been employed, and as to 
whether a high or lower nitrogen-containing nitrocellulose has been 
produced. In general the waste acid from the nitrocellulose 
manufacture will average about 7.',% sulfuric acid, T2% nitric 
acid, and the balance water. When the mixed nitrating acid has 
become either so weakened in nitric acid or contains too much 
cellulose in solution and suspension, the mixed sulfuric and nitric , 
acids are separable by some process involving distillation. ^ 

In the older process of 11. dc Chardonnet* the waste acid 
is introduced into a still which is heated to about 170 , from 
which fairly pure nitric acid containing considerable quantities* 
of nitrogen oxides in solution, distils over. Ihe sulfuric acid, 
which still contains some nitric acid then flows through a pipe 
line to a second still in which the balance of the nitric acid*js 
distilled at a temperature of 200°- 210°, giving a more diluted 
nitric acid. The sulfuric acid, concentrated to about (>2° B6., 
sinks to the bottom of the still and is removed by a syphon or 

1 D R P. 56.331, 66655; abst. Mon. Sci. 190.5, S3, .321; Her. 1891, 
24, KKM Wag. Jahr. 1891, 37, 1113; Zts. ang. Chem. 1891, 4, 466. 
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other suitable means. ^ This method has given general satisfaction. 

Where large quantities of nitrogen oxides and nitrous vapors 

are to be recovered, eitW from the waste acids from nitration 

* 

or from other sources, a combination of several plate towers is 
employed, one of which is preferably erected above the others, 
so as to feed them by gravity with the weak acid produced. In 
this manner with careful manipulation it is possible to bring the 
recovered nitric acid to a strength represented by a gravity of 1.40. 

H. Pauling' places nitrosulfuric acid in the anode compart¬ 
ment of an electrolizer, dilute nitric acid being used to fill the 
cathode compartment. The nitrogen oxides evolved at the cath¬ 
ode are transferred to the anode compartment. 

According to G. Lunge,* the following process for the recovery 
of nitric acid from the waste acids produced in the manufacture 
of nitroglycerol and nitrocellulose, as carried out at Haylem 
works very well indeed. Tift waste acid is denitrated in a small 
volvic column, standing in a strong leaden socket, with an over¬ 
flow about eight inches from the bottom. The steam pipe must 
not end free in the column, but within the liquid, say six inches 
below its level, so that the steam rising from the liquid effects 
the denitration. The operation is commenced by putting water 
into the lead siKket and passing in steam until the column is hot. 
Only then the feeding with the waste acid is started and is con¬ 
ducted in Such a manner that at the bottom sulfuric acid of 74% 
to 75% st-ength issues at a temperature of 160" C., in which 
case the denitration is perfect. The nitrous vapors pass first 
through four empty receivers, for the purpose of cooling, then 
successively through five Lunge towers, about 6 feet high, and 
then through eight receivers, charged with six inches of watet 
each. The towers are fed very slowly with water, the holes in 
the covers being plugged up with wood in such a manner that 
the water trickles down in drops. On top of the first tower one 
of the holes is left open in order to draw the necessary air. Thus 
tb4 towers yield nitric acid of 57% to 64% HNOj, inclusive of 
1.5% NjOr, on the average of sp. gr. 1.40. The water in the 
receivers is left there until the specific gravity reaches 1.37. 

I. U. 8; P. 808.390; abst. J. S. C. I. 1908, 27,986. C. A. 1909, J,' 362. 
See also J. Pratt, E. P. 14173, 1884. Zts. Schiess. Spreng. 1917,12, 57. 

2. G. Lunge, **Su)furtc Acid and Atkali,” 198. 
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riiis plant denittates approximately 10 tons of waste acid per diem. 

In the system of denitration of wastg acids, especially ap¬ 
plicable with the nitration of glycerol, IL Lemaitre* superheated 
steapj at a temperature of at least 300° is injected into the lower 
part of the denitrating tower. With a cast iron injector a tem- 
p>erature of 400° may be used. Pre-heated air also gives good 
results, the necessary water vapor for denitration being in this 
case derived from the dilute acid in the lower part of the tower. 
The upper part of the tower is sprayed with dilute nitric acid 
(15°-20° B4.), which affords part of the water for the denitration; 
also the distribution of this nitric acid causes absorption of heat 
and consequent cooling of the upper zone, thereby avoiding dilu¬ 
tion of the recovered nitric acid by holding back the water. By 
proper regulation of the steam current and spray the condensed 
nitric acid is kept at 3S°-40° B^. and the sulfuric acid containing 
only 2..')%-3.0% nitrosulfonic acid is obtained at the base of the 
tower. On concentration of this suKuric acid to 9()'V(r'J7% prac¬ 
tically all of the nitro pnxluets are driven off. It is shown that 
all nitric and nitrous products in waste acid tend to the formation 
of nitrosulfonic acid, rapidly by concentration with heat alone, 
or gradually on long storage at ordinary temperature. 

More recently^ has appeared the process of A. v. Vajdafy 
for the recovery of wasfe acids from nitrocellulose manufacture. 
Part of the waste acid is recovered by subjecting the nitrocellulose 
to a preliminary pressing, most of the remaining acid being then 
removed by hydraulically compressing the nitrocellulose, these 
two operations, as well as the ejection of the compressed nitro¬ 
cellulose, being carried out as part of a continuous cycle. Tlie • 
apparatus comprizes a pre.ss-table provided with perforated cylin¬ 
ders, in Which plungers operate. The three operations (light 
pressing, heavy pres.sing and ejection of compressed material) are 
carried out simultaneously in successive cylinders, and by rotat-* 
ing the table the material is subjected to each operation in suc¬ 
cession; the cylinders have movable plates below to retain the 
‘taaterial during the movement of the press-table. The profess 

1. Mon. Sci. 1913, 78, 217; abst. C. A. 1913, 7, 2118; abst. Zts. Schiess. 
Spreng. 1914, 9, 9. 30, 48; C. A. 1914, 8 , 1.508. 

2. D. R. P. 313046, 1918; abst. J. S. C. I. 1919, 38, 879-A. Cf, R. 
Rogers, U. S. P. 176813, 1876. M. Engerls, D. R. P. 301650^30226.5; abst. 

J. S. C. I. 1918, 87, 346-A. 
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enables the waste acid to be expressed from the hitrocellulose in 
a few seconds without risk of decomposition. The pressed,ma¬ 
terial passes to a conveypr or direct into a pulping machine. 

Where mixed acid is too weak for economical rejuvenation, 
but still too concentrated for discharge into effluents, the acid 
may be treated with scrap iron or iron filings until neutralization 
and reduction are practically complete. If desired, waste alkali, 
such as lime, soda or waste sulfite may then be added, and the 
mixture clarified by filtration it necessary, to obtain a clear liquid 
suitable for discharging into a stream or the sewer.* 

In the recovery of acids used in nitration according to the 
method devized by J. Skoglund,^ and especially designed for the 
separation of acids from products such as nitrocellulose or nitro- 
starch, the product is successively treated with different portions 
of acids each "more dilute than the preceding, and finally with 
water. This avoids any danger from overheating, such as might 
take place if water were adA;d to the strong residual nitration 
acids without the intervening displacement with weaker acids. 
In treating nitrostarch, the latter may be placed on a “filtros” 
plate, the strong acid drawn off through the plate, replaced by 
acid of i} 6 ° B^., then with acid of 42° B^., and then with water 
while the temperature is maintained below 20°. The acids may 
rapidly be removed through a "filtros” plate by the application of 
suction. 

According to C. de La Condamine,® nitric acid may be ad¬ 
vantageously concentrated by introducing it simultaneously with 
strong H 2 SO 4 into a tower, suitably packed, through the bottom 
'of which steam is injected. HNO 3 is distilled and flows upwards, 
leaving the tower at the top, together with a certain proportion 
of the H 2 O. Most of the latter, however, is absorbed by the 
112804 which is withdrawn at the bottom in dilute form. De- 
’ 1. British Dyes, Ltd., J. Turner and H. Dean, E. P. 127039, 1917; 

abst. J. S. C. I. 1919, 38, 5.55-A; C. A. 1919, 13, 2451. British Dyes, Ltd., 
Davidson and J. Turner, E. P. Appl. 17871, i918. 

2. U. S. P. 1311017; abst. C. A. 1919, 13, 2451. See J. Charlton, 
E. P. 2.5935, 1912. 

•'3. LTnd. chim. 1918, S, 1.53; abst. C. A. 1919, 13, 2664, Dynamit 
Akt. Ges., D. R. P. 254754, 1909; abst. C. A. 1913, 7, 1291. Delpy, E. P. 
Appl. 11240, 1916; J. S. C. I. 1917, 38, 79, Matheson, E. P. Appl. 1730, 
1919; abst. J. S. C. I. 1919, 38, 94-A. E. Allary (Bull. Soc. Chim. 1887, (2), 
47, 102) has found that the waste acid from the manufacture of guncotton 
may be regenerated by distilling after filtering through quartz, or more 
preferably, that it be used for the manufacture of nitric acid from sodium 
nitrate. 
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nitration of nitro-sulfuric mixtures is accomplished in a similar 
tower of lava stone or acid-proof metal ailid packed with acid- 
proof brick, quartz or other suitable iflaterials. Suitable con- 
densftig apparatus is provided. I.arge sectional area is of consid¬ 
erable importance, as small tubes increase rapidity of the flow 
of the gases through the apparatus, so that insufficient time for 
the condensation to take place is allowed. Tubes of elliptical 
section are advantageous. The condenser recovers only SO',,, to 
90% of the HNOs distilled, the remainder being reixwered in 
absorption towers or Kaltenbach apparatus. 'I'lie latter consists 
of stoneware tubes, alternately empty and full of water, through 
which the gases bubble. 4.")',. IlNtb can be obtained. Absorp¬ 
tion towers recover the uncondensed acid and oxidize NO2 to 
HNO3. Five to six towers constitute a system.. Timers are 
made from earthenware sections and are generally 90 100 cm. in 
diameter and ri-O m. high. An avaijable surface of -10 -oO sip cm. 
is sufficient to recover the nitrous gases resulting from the dis¬ 
tillation of a metric ton of HNOn in 21 hours. Ihc recovered 
acid flows from each tower back to the preceding one while the 
last tower in the system is drowned with water, the quantity of 
which is so rcgidated that the recovered acid does not fall below 
:12° B^. The oxidation, of NO. to UNO, is accomplished by 
means of the air which filters into the system. Oxidation is never 
complete, due to the reversibility of the reactions. The theory 
of the concentration of HNO:, by this method is ilescribed in detail 
and curves are plotted to show the effect on the concentrated 
HN0.1 of variation in the quantity and strength of the HNOj, , 
H2S04 and steam intriMluceii into the tower. A distillation curve 
is also developed. The per cent. UNO., in the concentrated adid 
is dependent primarily on the proportion of H.O in the mixture. 

In denitrating a nitro-sulfuric mixture, the water content should,, 
not be more than IS'4, to 2i)%, if it is desired to obtain strong 
HNO3. If the quantity of HjvSO, is increased, the strength of 
the recovered HNOj is unchanged, but if the strength of the 
H2SO4 is increased, the distillate will contain a larger proportion 
of HNO3. An increase in the quantity of steam used will not 
affect the concentration of the HNO3 obtained, but will result 
in the recovery of more dilute denitrated H2vS04. ^Theoretical 
calculations indicate that 0.45 kg. of dry saturated steam at 3 
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kg. absolute pressure and 133° temperature will concentrate 1 kg. 
of 50% HNO» to 0.58*kg. of 86% HNO«, producing at the same 
time 3.87 kg. of 71.3%ilsS04, introduced along with the HNOi. 
Thermal calculations show that the heat generated will her suffi¬ 
cient to accomplish the ebullition of the acid. Superheating steam 
under good conditions will result in economy in the operation of 
the tower. The )rield of HNOa should be 97% and the denitrated 
HjS 04 should not contain more than 0.06% HNOj. 

In the method of E. Barbier,' the mixed acids are fed from 

1. E. P. 11705, 1892. In Chem. Engr. 1909. ]fl, 16. S. Frazier has 
given the structural details of a plant to manufacture from 60 to 80 tons of 
mixed acid per day. 

M. K^enbach (Chim. & Industrie.. 1919, 2 , 142; abst. C. A. 1919, 13 , 
2109) has shown that although the concentration of HNOj can be accom¬ 
plished by dehydrating it by means of HjSOt, when the HNO« is very 
weak to start with, it is more economical first to preconcentratc by heating 
it to the boiling point and evaporating off the HjO unUl the acid reaches 
08% in strength, at which point it remains constant. The operation is 
carried on in a form of pot furuacg, containing 7 pots, arranged in a cascade, 
each pot being connected to the next one by means of a small lateral tube, 
which permits countercurrent circulation of liquids and vapors. Heat is 
generated in a fire-box at the lower end of the furnace. A connection from 
the fifth pot, counting from the fire-box end, leads into a rectifying column, 
through which the hot HNO> vapors pass. The column is separated into 2 
distinct parts. In the lower part, rectification takes place. The vapors are 
sprayed with weak HNO,, which flows down the tower in a carefully regulated 
stream and enters the distillation pot at the boiling point. The HNOi vapors, 
almost entirely denitrated. then pass into the upper iwrtion of the column, 
where the last traces of HNO, are removed by spraying with fresh HjO. 
The HNO,. thus recovered, is collected .separately, cooled and may be used 
to irrigate the hypo-nitric towers. The HjO vapors are removed by means 
ol a barometric ejector-condenser, which also furnishes a means of over¬ 
coming the natural resistance of the apparatus. The partition, dividing the 
tower into two parts, prevents the mixing of the strong and weak HNO, 
solutions. The reservoir, feeding weak HNO, to the tower, also feeds the 
coldest pot at the stack end of the furnace. Dehydration or denitration 
must be resorted to, to raise the HNO, above 68%. Descriptions are given 
of the operation of the tower, and of the thermal balance of the denitration 
operation. The thermal relation of the various acids and the thermal effi¬ 
ciency of the process is discussed. Emphasis is placed on the importance of 
reducing the steam consumption to a minimum, thereby saving fuel and 
' HiSO,, reducing the total volume of acid treated and increasing capacity of 
the apparatus. The hotter the acids entering the tower the less steam will 
be ^uired. Consequently, a heat exchanger is.used to recover some of 
the heat contained in the denitrated HiSO, leaving the tower. A rise of 
80°r90° is obtained thereby, effecting a recovery of 20% of the total heat 
in tie acid. The use of H ,^4 of higher concentration than 93%, while prO^ 
ducing more heat on dilution, is not recommended, due to the increased 
cost. The quantity of heat leaving the system may be reduced by the use 
of preheaters for the denitrated H^,, by the preconcentration of the weak 
HNO, and the use of an asbestos heat-insulating coating on the tower. It 
is advantagedus to use superheated steam because of the greater hrat con¬ 
tained therein. Other factors remaining constant, this results in an increase 
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a trough to a chamber where the liquid is heated by the gases 
evolved in an evaporating chamber, and introduced into the for¬ 
mer by injectors. Tliis preliminary heating practically removes 
the nitrous vapors which pass through a pipe into condensers and 
a tower. The sulfuric acid is then run through a trough into, and 
down a series of pans, heated by a furnace, the pans being sup¬ 
ported on plates, and channeled ends provided for carrying off 
the liquid from a broken pan. 

According to the process of 1). Tyrer,' the acid is treated in 
the presence of an oxidizing agent with a substance capable of 
being nitrated to a nitro-compound insoluble in sulfuric acid. 
For example, spent nitrating acid containing 70% or less of sul¬ 
furic acid and V'/(-\0% of nitrous and nitric acids is introduced 
at about 110° along with air and toluene vajxir, at the top of a 
tower packed with coke. The mixture issuing from the bottom 
of the tower is run into a separatioistank, from which the purified 
sulfuric acid, containing less than 1':; of nitric acid, is drawn off 
to the concentrators, while the residual mixture of toluene and 
nitrotoluene is used for making trinitrotoluene. Acid fumes and 
any toluene vapor escaping from the bottom of the tower pass 
through a pipe to coolers and scrubbers. 

Evers Denitration Access. The invention of R. Evers re¬ 
lates to apparatus for de-nitrating nitrous sulfuric acid, and for 

of in the capacity of the tower, while reducing the HjS 04 used 18% 

and the steam injected 38..')''; For successful operation of the process, 
means must be had for controlling the various factors, variation in which 
tends to upset its equilibrium. Such factors arc the weights of HjSOi and 
HNOs charged in a unit of time, the concentration of these acids, the weight ’ 
of the steam and its pressure and temperature, and the vacuum in the tower. 
Automatic appli.anccs for keeping these constant for indicating their esfact 
value at any time, and for changing each one independently of the others 
should be provided. Flow-cocks' of special construction, provided with 
square or rectangular oiwnings, are suggcstcil as permitting a more exacts 
regulation of the flow of the acid. Steam valves of the needle type are better 
than the seat tyjje. Good results arc obtained by connecting around the 
.steam valve on the main line a by-pass controlled by a needle valve. An 
automatie air-admission valve regulates the vacuum in the tower at any 
alesir^ point and at the same time admits air to the apparatus for the oxida¬ 
tion of the lower oxides. Recent developments have made possible the 
eombination of the two operations in one and the same apparatus, and the 
reduction of the fuel consumption to a considerable extent, while decreasing 
by 60% the amount of HjSOi required. 

.1. E. P. 17541, 1916; abst. C. A. 1919, 13, 1640; J. S. <?. I. 1919, 3S, 
340-A. 
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recovery of both the nitric and sulfuric acids.' The plant which 
is illustrated in Figs. *121-126, consists of the denitrating tower, 
a cooling arrangement,‘a condensing tower, and a firing place, 
the turrets being divided in superposed chambers by intermidiate 
partitions, which are provided with one or more apertures, in which 
chambers the centrifugal mixing apparatus or filling bodies of 
tubes are provided. The apparatus consists of a mixing appa¬ 
ratus consisting of hollow cones equipped with plates, one cone 
being placed upon another, the walls being provided with aper¬ 
tures whereby the liquid blown in or the liquid dripping through 
the tower, sets the apparatus in rotation to effect an intimate 
mixture of the compound acid with the vapors blown in. 

There is also provided bundles of tubes as filling bodies, 
consisting of jseries or groups of tubes of an egg-shaped section, 
the bottom of the tubes being bent in reverse direction for the 
purpose of deflecting the gases streaming through from their 
direction of movement, and to offer the maximum contact surface. 

The essential features of the process is to insure most intir 
mate admixture during absorption, and this is specifically brought 
about by reducing the acid to a very fine state of subdivision, by 
interposing obstacles in the path of the entering gases, and heat¬ 
ing the waste acid to be recuperated. Jin addition to direct de¬ 
nitration, the waste acid is pre-heated preferably, even where 
organic residues and traces of nitro compounds are still present. 
A temperature of 1()0°-170° is maintained in the denitration 
towers by introducing superheated steam or air at several different 
places, the air being heated from the heat of the recovered sul¬ 
furic acid. Owing to the emplo 5 rment of hot air, the organic 
infpurities in the waste acid arc almost completely oxidized, with 
the result that the recovered sulfuric acid is practically water 
,white and in a condition for re-use. The arrangement of the 
installation is such that the sulfuric acid obtained is clear and 
of a strength of at least 60° B6. and the nitric acid substantially 

1. U. S. P. 76733.5, 1004; abst. J. S. C. I. 1004, 23, 866; F. P. .323397. 
lOlfe; abst. J. S. C. I. 1903, 22, 49.5; R. P. 17316, 1902; U. R. P. 145743, 1903? 
182216, 1902. In D. R. P. 176369, 1904, R. Evers describes a method com¬ 
prizing a vessel upon whose bottom are two coils, one within the other, 
through which the fluid to be heated is passed, alternately, so that the heat 
of the concentrated acid, which passed directly from the apparatus through 
a short tube let into the wall of the vessel is given up to the dilute acid to 
be next introduced into the midst of the vessel, 
















1450 


TSCHNOLOGY 09 CBLLCLOSS SSTBKS 


colorless and of a concentration of 34®-36‘’ or where the 
strength is brought up to above 40® the acid is colored yellow. 

The nitrous acid is passed down the tower “a,” intoowhich 
air and steam from the furnace “g” are introduced through the 
tubes “s.” The sulfuric acid collects at the bottom and the 
nitrous gases pass through the condenser “b,” and then up the 
absorbing column “e,” down which water or other cooling or 
condensing liquid passes. The columns “a” and “c" are divided 
by horizontal partitions h having central apertures, into several 
compartments. In the.se compartments are placed a number of 
mixing devices i, and a number of tubes k; the latter are also 
placed in the condenser b. Each mixing device consists of a cen¬ 
tral perforated cone /, receiving mixed air and steam from the 
tubes m, and surrounded by an outer perforated cone p having 
ribs or plates q, which are shaped so that the liquid flowing 



down from the cup 9 ’ spreads over the whole surface. The liquid 
finally escapes from arms r', curved at their outer extremities so 
as to cause the outer cone to rotate. In one modification the 
outer cone has a screw-threaded outer flange running from the 
top to the bottom, and inclined vanes at the bottom. In another 
modification the outer cone is rotated by the entering gases act¬ 
ing against vanes at the bottom. The tube devices k consist of 
a double set of vertical tubes t, ri, shaped as shown in the figures, 
and having their lower open mouths alternately turned inwards 
and outwards. The sulfuric acid passes over a mixing device i, 
similar to those described above, into the cooling vessel. The 
water in the nitric acid is stated to be vaporized in the column d. 
For denitrating the mixed acid, an intimate mixture of the air 
and dry steam with the latter is necessary. In the denitrating 
tower a the compound acid is separated into nitric and stfifuric 
acids. 

It will be tmd^tood that the mixed adds enter the tower 
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at the top and are heated by risiu); gases anid broken up into a 
spray by the filling checkcr-work and collected again on arches, 
thus affecting always a unifonn interchange of heat. In the next 
lower compartment where the filling is of higher teiniierature, 
part of the nitric acid is driven from the mixture and this frac¬ 
tion shows a difference in comiiosition and temperature. These 
unequal fractions or drops rejoin on the septum h and again mix 
into an acid of uniform compositimi and interchange of heat. 
This procedttre is repeated succcssi\ ely in the following chambers 
of the reaction tower. In the lower chamber the mixed acid is 
heated so high that all the nitric acid is driven off. 

After the acid in this chamber is dis|)erscd and collected, it 
is again spread over the lower filling so that the reniaining nitric 
acid is removed. By this fine dispersion it is possible to intro¬ 
duce the gases at abotit -lOO”, and thus to oxidize all the carbon 
into its oxygen compotmds and to remo\e the water as steam. 
Tlie hot gases arc driven as (luickly as possible through the lower 
chamber and filling bodies but with reduced speed through the 
upper chambers, in order to avoid t<«) great a transfer of heat in 
the lower chamber and to accelerate it in the upper ones. By 
this method of repeated dis])ersion of the mixed acid and by the 
uniformity of the gas in the coils in the fire box in which it is 
heated by direct fire, the nitric acid is removed unifonniy and not 
in spurts as with some of the older methods, either too soon or 
too late. 

At the same time superheating or decomposing the nitric 
acid gases are to a great extent eliminated, and the transference 
of detrimental heat to the condensing apparatus is avoided. This 
heat and oxygen are saved. The mixing a])paratus operates 
as follows: The acid enters at the lop and the gases a.scending ^ 
from the bottom are deflected around a spiral apparatus which 
throws the acid against the walls of the vessel and thus mixes 
them. The regulation of the conditions of the denitration process 
ilkually does not call for an apparatus as complicated as thaj dfe- 
scribed by Evers, although the idea is excellent but unduly costly. 
This portion of the process, however, may be eliminated with¬ 
out (ietrimentally effecting the efficiency of the processes a whole. 

The hollow chambers arc quite necessary and indispensable 
for the tuiifomi atomization and mixing of^ the acid with the 
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gases. This admixture of the gases and their re-dispersion brings 
them both into the most intimate contact and thus fulfils the 
prime function of the whole process. « 

The most striking feature of the Evers process is the strong 
preheating of the admitted air and steam, which are heated as 
high ,as possible in the same “firebox,” which is maintained at a 
temperature preferably not lower than 4fX)°. Furthermore, the 
construction of the “boiling tower” is not made of uniform di¬ 
ameter as at first, but gradually and uniformly widens toward 
the top, so that the velocity of the gases and the pressure is 
maintained regularly and with a predetermined uniformity. Also 
in the above description of the tower, the gases are allowed to 
diffuse ov perpieate and mix intimately with the acid. The whole 
procedure, in general, is quite simple, and its efficiency does not 
depend upon a number of fine details. 

Whether the “boiling tower” is built with strong uniformly 
sized members such as Schamott stones, or better perhaps, in 
two alternate layers, whether the filling is clay, quartz or pumice 
stone, or similar material is not of importance. 

'fhere have been several adverse reports on the value of this 
denitration system in the technical litertture, and a close scrutiny 
of the criticisms of the process as detailed by the critics arc that 
much that is non-essential and superfluous may be removed and 
still obtain substantially as satisfactory results. 

J. Rudeloff' points out that a number of nitroglycerol plants 
• when equipped with the Evers system did not give satisfactory 
results, in the main attributable to unfamiliarity to the practical 
working details of the process, but as these details were recognized 
and their comparative significance allowed for, the technical diffi- 
* culties were gradually solved. A water-while sulfuric acid of 
60®-61.5® B4., is readily obtained, practically free from nitrogen 
compounds and from iron, and in all characteristics commercially 
satisfactory sulfuric acid. Formerly with the older denitration 
processes, the same acid was almost black, carried from 0.3%- 

1. Zts. Schiess. Sprcng. 1907, 2, 144; abst. C. A. 1907, 1, 2636. See 
also Hall, Denitration of waste acid, E. P. Appl. 14529, 1915; abst. J. S. C. 
I. 1916, 35, 64. E. Neumann, Sprengstoffe Waffen u Munition, 1908*^1909, 
4, 4, 14, 26, 42, 51, 62, 76, 88,.110, 136. V. Zelasko, D. R. P. Anm. Z-7426. 
1011; abst. Kunst. 1912, 2, 100; Chem, Ztg. 1912, 38, 2.52. W. Poetsch, D. 
R. P. 29664. R. Schfipphaus, U. S. P. 526752. c ' 
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0.5% contamination of nitric acid, and seldom possessed a gravity 
exceeding 56° B6., and was utilizable, tUereforc, only for the ter- 
tiliziy industry. 

Rudeloff points out that whereas denitrators usually have 
but one or two places for the introduction of air, livers by sujx-r- 
position provides for four places both for the introduction of air 
and steam. While the providing of four places for the ingress of 
air and steam may be partially snperduous, yet on the other han<l 
it is a certainty that a copious intrexluetion of the hot acid and 
the height of the tower are prime essentials to the proper progess 
of the reaction. The main difficidty appears to be that in order 
to maintain the heavy and tmifonn flow of 60° B^. acid, an un¬ 
usually elaborate condensation system is necessary to completely 
condense the large bulk of nitric acid gases escapin'g. 

Especial emphasis should be placed on the fact that when 
the hot air and steam enter at odly two places, it is unwise to 
eliminate the partitions as described in the Evers tower. The 
reason for this is that the eountercurrent flow of the gases and 
the acid is highly essential. It will be appreciated that there is 
a definite time factor necessary for each chemical reaction, and 
it must occur in the efllnx of the acid at the proper height in the 
“boiling tower’’ when it*is charged to a large cajjacity. 

When completely filled with pumice, quartz or clay, it is 
possible that the efflux of acid, especially when highly contam¬ 
inated with inorganic and organic impurities, will partially clog 
the filling, and form large and small irregular canals. 'I'hese 
divert the flow of the acid and on that account materially impede • 
the course of the reaction. As in the larger canals, much myced 
acid and little of the purifying gases are brought into the requisite 
contact, while the condition is just reversed in the smaller ones. 
The entire course of the reaction under these conditions is irregif- 
lar and unsatisfactory. On this account a high i>crcentage of 
lower nitrogen oxides remain in the sulfuric acid, due to incom- 
* plete oxidation. The condensation is so closely related to* the 
construction of the boiling tower, that it ordinarily docs not 
receive proper attention in the de-nitration process. The so- 
called tourelles are used as condensing apparatus in ^he explosive 
industries, but have the two folloi^ing objectionable features. 
Firstly, the cyndensation space is not completely utilized because 
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the gases travel with .greater velocity from one outlet to the 
other without passing to (the bottom. Secondly, the gases have 
a tendency to stratify and hence do not completely mix. «The 
first objection may be partially overcome by extending to the 
bottom of the inlet to the tourelle, and the second one by filling the 
tourelle; with coke or pumice. 

The nest of tubes described by Evers and shown in the ac¬ 
companying cuts are disadvantageous in that they are difficult 
to procure and expensive to install. Where it is desired to obtain 
an especially pure nitric acid, the mixing and continuous re-mixing 
of the gases is of paramount importance. From the above pro¬ 
cedure, it is self-evident that the fluid or semi-fluid and solid 
substances must be intimately intermingled. Naturally the sys¬ 
tem must fee long enough and of sufficient capacity to assure the 
complete condensation of the gases under most active ebullition, 
and the last condensing towerS are useful only for the spray and 
gasified products. 

After prolonging the concentration and recovering the re¬ 
maining nitric acid, after a short time a pale yellow nitric acid 
of about 40° usually is obtained in the proportion of about 80%. 
Where the conversion of the nitric acid in the upper part of the 
boiling tower is carried out ’in such a maAner that the nitric acid 
collects and enters' undecomposed, from the boiling tower into 
the condensation system, then the condensation of the gases is 
uniform, and they are mixed and cooled so that the remaining 
nitrogen oxides are not condensed in the tube system. It should 
4)e appreciated that the so-called nest of tubes are the only means 
for sufficiently mixing and condensing the nitric acid gases. In 
those instances where the spent acid contains much organic im¬ 
purity, which has not been oxidized to COj in the boiling tower, 
bht is readily sublimed in the condensation system (nitrobenzol 
or nitrotoluol spent acid), in such instances these nests which 
work so efficiently with the spent acids from nitrocellulose and 
nitrc^Iycerol manufacture, cannot be used at all because they * 
clog up too readily, and would check the draft in the condensation 
system. 

In such ^cases, the so-called cellarious vessels have proven 
satisfactory. When used in. rows of three, they are immersed in 
casks of cold running water, and directly connected in back, of the 

c* * 
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boiling tower. By this arrangeinent th& impurities carried over 
from the boiling tower (such as di- ancWtrinitrotoluol compounds) 
condense or immediately sublime in the cellarious vessels and 
where it can be melted and extracted from time to time, by heating 
the water in the cooling casks. 

Clay towers with coke filling are considered most satisfactory, 
but it must be uniformly screened. It is also advizable to have 
hollow divisions in the several layers of coke, similar to those 
described in the boiling tower filling. The improvements in de¬ 
nitration as evolved and perfected by Evers as a whole, may be 
considered as basic, the economy in coal and labor being very 
apparent. 

Tlie apparatus when properly installed is ^emi-automatic, 
necessitates no special supervision, the denitrator injectors re¬ 
quiring no particular attention, ^wliile the acid circulation is 
maintained by means of automatic pressure vessels. One work¬ 
man is said to be sufficient for the manual labor of an entire 
installation. 

One installation in a twelve-hour day will handle 8000-10,(KX) 
k. waste acid of the usual composition (say 70% sulfuric acid, 
10 % nitric acid and tke balance water), the sulfuric acid being 
eventually recovered colorless and without loss while the loss of 
the nitric acid is alleged to be only about 0A%. 

Based on a waste acid of the average composition of 74% sul¬ 
furic, 8% nitric, and 18% water, with 10,01X1 kilos denitrated in 
a ten-hour day, the following figures are submitted as represent* 
ing an average factory nin, and one that could be indefinitely 
duplicated. 

(1) The sulfuric acid is recovered perfectly clear, free from 

nitrogen compounds, and with a loss of 0.08%. • 

(2) The recovered nitric acid varied in density from 36 

B^., containing traces only of sulfuric acid and a maximum of 0.3 % 
nitrous add. Maximum loss 0.2%. • 

(3) Coal consumption 3% based on the weight of the waste 
acid treated. 

• (4) Coke consumption 1.6% based on waste acid treated. 

(5) Repairs and upkeep small. T,abor, one man. 
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The V. Vender Benitration System. This invention* is 
based on the alleged disfcvery that hot gases generated by the 
combustion of the nitrogen of the air by an electric arc, by direct 
contact denitrate nitrosulfuric acids recovered after nitration 
treatments (as in the nitration of cellulose, glycerol and aromatic 
compounds) in a much more efficient manner than is accom¬ 
plished by means of heated air, and that by the use of these gases 
it is possible to obtain sulfuric acid of 98% strength which is 
perfectly clear. 

Such results must be attributed to nitric oxide contained in. 
the gases obtained by the combustion of the air, and is said to 
be accompanied by another advantageous result, in that the 
synthetic nitrogen oxide can be more easily condensed, for nitrous 
and nitric acids of the recovered acids, oxidize it, and the gases 
obtained are therefore richer, aj all the nitrogen oxides are present 
in a form easy to condense. 

The process is commercially carried out by means of a sys¬ 
tem of two towers arranged relative to each other in such a man¬ 
ner that the hot gases produced by the combustion of the air heat 
the first tower outside, and then pass into the interior of the 
second. The second tower (the denitratiug member) is fed with 
the recovered acid which it is desired to denitrate, while the hot 
gases above mentioned, travel in it in an upward direction. At 
the bottom portion of the tower, concentrated sulfuric acid is 
withdrawn, and at the top are disengaged the nitrous acid gases 
,which, upon being introduced into an ordinary condensing ap¬ 
paratus, give nitric acid of about 00%. The first tower contain¬ 
ing the distilling apparatus is fed at the top with nitric acid of 
00 %, and with a portion of the concentrated sulfuric acid com- 
mg from the second tower; from this mixture is distilled nitric 
acid which is liquified by condensation in an ordinary condensing 
apparatus, to 98%, while at the bottom jjortion of this tower 
sulfiyic acid of about 75% is withdrawn, which is sent direct to 
the second tower. 

In this manner, according to the patentee, the whole of the 

1. E. P. 18280, 1909; abst. J. S. C. I. 1910, 29, 696. F. P. 405849, 
1909; abst. J. S; C. I, 1909, 28, 42,3; C. A. 1911, 5, 1665; 1918, 12, 631; Mon. 
Sci. 1910, 73, 172. Bclg. P. 218232, 1909. Aust. P. 43749, 1910. Swiss 
P. 48469, 1909. Sec G. Kynoch & Co. and A. Cocking, E. 277W, 1896. 
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sulfuric and nitric acids present in the original waste acid is ob¬ 
tained at a degree of concentration up to*9.S',v. 

frrespective of the type of denitration system employed, the 
recovered acids are either passed through one of the well known 
concentration processes for further use in nitration or the acid 
is sold separately as such. 

The efficiency of a denitration plant is usually determined 
by an examination of the exit gases, the efficiency of the installa¬ 
tion being directly comparable with the minimum of escaping 
nitrogen fumes, as determined by aspiration of the escaping 
fumes into water and determination of the acid by titration. 

According to G. Patterson' the revivification and denitration 
of nitrating acid may be most advantageously carried out in 
cylindrical iron vessels with pipes for running in and off of the 
acid. The mixing and moving of tile acid is done by compressed 
air. The air enters from pipes placed at the bottom of the tanks 
and provided with a number of holes, from which the air escapes 
and which are closed at the end. Such a container is 21..1 m. 
long and possesses a diameter of 4.6 m. and holds about 19,000 
kg. acid, one of 32 m. length and .1.5 m. diameter about 41,0(K) 
kg. Each container is ‘provided with an air ventil, which is 
closed with a wooden plug if pressure is to be applied. I'he con¬ 
tainers are placed in batteries. Two large containers are used 
for storing and holding the spent acid, S smaller ones for the acid 
to be added for reinforcing, this acid consisting of nitric acid and 
HjSOi of 98%. A small container is placed on a scale and con- * 
nected with a 14 ra. long pipe with another container. The spent 
acid is collected in one of the large containers until it consists of 
about 38,0(K)-40,000 kg., mixed by blowing air through for an 
hour, a sample taken and carefully analyzed. The amount of re-* 
inforcing acid is calculated according to the analytical result, 
1.5,000 kg. of the spent acid drawn in one of the containers standing 
bn the scale, the requisite acids added and well mixed with c<ftn- 
pressed air. The whole charge is now united in another large 
container and well mixed again by blowing air through for 1 to 
I'/^ours. A spent acid apparently may be revivi^ed an un¬ 
limited number of times, provided tl^t the content of nitrous 

1. Kichth Intern. Cong. Appl. Chem. 1012. , 
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oxid^ does not exceed 5.5%; this however, only in the case of 
the English method, where such a large excess of acid is used. 

The spent acid is denitrated for the recovery of the stdfuric 
acid and nitric acid. The average composition of . the spent or 
waste acid in the nitrocellulose manufacture is usually 70% HjSOi, 

10% HNOa and 20% HjO. . • 

Gttttmann Nitric Acid Denitrating System.' In 1896, O. 
Guttman departed from the methods hitherto used where the 
reaction between the gases and liquids had been effected mostly 
by means of pipes and towers in which the gases passed upwards 
and the liquids downwards being intercepted in towers filled 
with material unaffected by the acid vapors, the obstructions 
being so arrahged as to allow a certain quantity of liquid to 
accumulate and thereby concentrate before any ran through. 

His original process consisted primarily in filling the towers with 
"denitrating stones” as shown in Fig. 127 combined with a system 
of water-cooled tubes, condensing towers and suitable vessels fpr 
the reception of the recovered acids. 

For inducing a current of the oxides of nitrogen exhaust fans 
were provided, and for the transportation of the acids, automatic 
compressed-air elevators were installed.* At the top of the de¬ 
nitrating stones an arrangement for spraying the waste acid .was 
provided, together with an earthenware exhaust pipe for the 
withdrawal of the nitric acid vapor, an overflow arrangement for 
the withdrawal of the sulfuric acid being provided in.the lower 
part. 

' As the nitric acid evaporates from the heated waste acids 
and collects in an exhaust pipe in the form of nitrous vapor, the 
^ulfuric acid collects in the lower portion of the denitrating tower 
through an overflow into especial vessels, artificially cooled. The 
sulfuric acid thus obtained varies from .15 “-55“ Bd. in strength and 
is opalescent and dark colored from organic impurities contained 
therein. In this condition it is utilizable for the manufacture of 
superphosphates and other artificial mamues. 

The nitrous vapors issuing from the towers packed with de¬ 
nitrating stones are conducted through earthenware pipes Vith 
forced draught, through a*cooling system and into storage lecep- 

1. See Chem.'MdeJ., 1915, SS, 211. J. S. C. I.l9hl, 311; 7. 
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tacles. An air-cooled unit is also incorporated with this system 
so that the nitric acid condensed in the apparatus runs also into 
this yessel. Any uncondensed vapors next pass on to a system 
of four towers connected in scries filled with hollow vitreous mem¬ 
bers, the arrangement being so that the gases pass in a direction 
contrary to a liquid capable of absorbing them. Kacb tower of 
the series is provided with an aiitoniatie pressure vessel, which 
passes any acid collected therein on to the next tower. The nitric 



acid collected from these towers is of 30 "-42° Bd. strength. The 
exhaust from the last tower of the series is connected to* the 
chimney. 

' The Guttmann system for converting into nitric acid* the 
nitric peroxide resulting either from the denitration of waste 
acids ot in the manufacture of nitro-compounds, is shown in Fig. 
l2^ In this apparatus A is the denitration portion^ of the usual 
kind from which the nitrogen oxide gpses issue through a pipe a 
and intp an earthenware receiver B, which is filled with coke. 
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broken glass or balls,i and tends to minimize breakage of the 
apparatus through the gases being too hot. The gases are then 
withdrawn by an air ejector C and forced to two or more vertical 
towers or series of pipes D, also filled with 
coke, down which a fine stream of water 
trickles! The unabsorbed gases pass through 
a tube F into a condensing apparatus G, 

While the liquid flows into a distributing 
tank E which directs small streams to the 
top of each bend of the condenser, and also 
to the receiver B. Any gases still unab¬ 
sorbed pass upwards through a pipe r to a 
coke tower H, down which a small stream 
of water flows'. The nitric acid flows from 
the condensing apparatus G to the collect¬ 
ing, vessel L, from which it caA be drawn off 
at p. 

By this process it is claimed the acid 
will not only be of the maximum strength 
but also that the current of the acid gases 
is suitably retarded with the result that 
the gases are entirely converted into nitric 
acid. 

The denitration process as described 
by C. Jahn* and the Sprengstoff A. G. 

Carbonit’ is intended primarily for the denitration of those 
' waste acids formed as the result of the nitration of aromatic 
bodies, which bodies arc present in the waste acids in solution 
or suspension, or both, and when so present have a tendency 
to clogging of the condensing plant used in the recovery of the 
Jiitric acid. These substances (nitrobenzol, nitrotoluol, nitro- 
creSol) which are liquid when heated, are prone to deposit on the 

1. E. P. 14774, 1896; 18189. 1897; 13694, 1901; abst. J. S. C. I. 1901, 
20, 687. D, R. P. 136678; abst. Mon. Sci. 1903. 59, 71; Chem. Centr. 1902,* 
71, II, 1349; Chem. Ztg. 1902, 27, 1207; Chem. Zts. 1903, 2, 276, 282; Jahr. 
Chem. 1902, 55, 343; Wag. Jahr. 1902, 40, I, 351; Zts. ang. Chem. 1902, 
15, 1249. 

2. U. S. P. 1149.585, 1915; abst. C. A. 1915, 9, 2710; J. S. C. I. 1915, 

14, 960. <■ •» 

3. E. P. 11854, 1913; al»t. J. S. C. I. 1913, 12, 1130; C. A. 1914, 0, 
2807; Chem. Ztg. Rep. 1914, 10, 299. 
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walls and adhere to the interior of the i-ondensation towers, so 
that in a short period of time the denitration is intemipted until 
the stoppage is removed. • 

The patentee claims that these drawbacks are overcome by 
performing the denitration operation in the apparatus shown in 
Fig. 129. Referring to the drawing, it is intended to lie under¬ 
stood that the gases arising from the boiling drum pass as usual 
first into a preliminary retort, and then into a conduit i, which 



is open at its lower end and dips into a vessel 2 containing water • 
or dilute nitric acid. The conduit i is funnel .shape and reccivcs.a 
discharge connection j, which latter does not dip into the water 

or dilute nitric acid. • 

* In order to operate the apparatus, the organic bodies which 
have been sublimed or carried along by the nitric acid gases cool 
off along the walls of the conduit and impinge on the surface of 
the v#kter where they are solidified, while the gases pa*s through 
the discharge outlet. The water or dilute nitric acid Irecomes 
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enriched with nitric acid, and is then discharged at a strength of 
36“ Bd. through aft overflow. The solidified organic bodies settle 
at the bottom of th# vessel and along the walls and, as the latter 
is open, can be ea.sily removed and recovered. The ifttric acid 
gases pass through a second, and, if necessary, a third conduit, 
with a separating appliance, and are finally completely absorbed 
in a condensation plant, such as a coke tower. j. 

Recovery of Nitrous Fumes as Nitric Acid. In nearly every 
nitration operation, especially when conducted at comparatively 
elevated temperatures as in the centrifugal nitration of cellulose, 
there is a considerable evolution of nitrogen oxide fumes owing 
to the heat of the reaction and the unavoidable decomposition of 
nitric acid which such operations necessarily entail. Where manu¬ 
facture is .sufficiently extcn.sivc to warrant the installation, these 
gases consisting primarily of NO, N 2 O 3 and N 2 O 4 with smaller 
amounts of anhydride (N^jOs) can be condensed and economically 
converted into nitric acid. 

In one arrangement which has proven satisfactory on a com¬ 
mercial scale, exhaust fans are connected to the individual nitra- 
tors, from which the fumes are drawn through an exhaust pipe, 
usually arranged so that the several exhaust pipes converge into 
a common main, the area of the latter being preferably greater 
than the sum total of the areas of the individual pipes, and which 
leads to a tower or series of towers where the oxidation of the 
nitrogen oxides to nitric acid takes place. The arrangement of 
this tower depends as to whether the main object is to recover 
and condense the maximum of fumes or merely to render them 
as innocuous as possible before their discharge into the atmos¬ 
phere. Ample provision in cooling and condensing surface should 
be provided, as the reaction requires considerable time. If the 
idea in mind is merely to render the gases harmless, they are caused 
, to pass through a multiplicity of large wide towers and in a cir¬ 
cuitous direction before discharge into the atmosphere. In a 
centrifugal nitrator of the Selwig and Lange type, it is advkable 
to provide at least 8-10 cubic meters of tower space for effective 
working, and if nitration is carried on at high temperatures, this 
cubical contents per nitrator should be regarded as a m i ni m um . 

The entire tower battery may economically be divided into 
a larger unit in the front and a smaller one directly behind, the ‘ 
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air circulation being so arranged that it diminishes in speed and 
intensity from the larger to the smaller. Tfie rear battery is 
charged with an amount of acid which is passed to the front 
battery ifl such quantity and constancy as is required to induce 
the maximum concentration. Regeneration systems are capable 
of producing an acid up to 3(1° B 6 . in strength, with a small up¬ 
keep, and with a labor cost that is very low. 

In one method the nitrous fumes first pass through an air 
cooler, thence through two series of lowers filled with hollow 
balls, the circulation being maintained by means of an earthen¬ 
ware exhaust fan connected to the rear tower. The extent of the 
pre-cooling will depend upon the temperature of the entering 
nitrous gases. The gases usually pass from the pre-cooler to the 
underpart of the first tower and after passing through iUaregriped 
from the top of the first tower to the bottom of the .second tower, 
and the cycle there repeated. . 

A point of paramount importance in the regeneration of these * 
fumes is the imperative necessity of reducing the liipiids to the 
finest state of subdivision, that the intermingling may be as 
thorough as possible. This is best realized by the interposition 
of an exhaust fan or by means of vitreous or earthenware disin¬ 
tegrators. Such an ajrparatus when operating with a maxinuiin 
efficiency results in the atomization of the liiiuid, and by thus 
insuring intimate contact the maximum of efficiency is at¬ 
tained. 

Nitric Acid Recovery by Solvents. The Dynamit Akt. Ges. 
have disclosed a process for the regeneration of nitrogen oxides 
which depends upon the solution of these fumes in esters of the 
paraffin alcohols, ethyl, propyl, butyl and amyl formates, acetates, 
propionates and valerianates being especially applicable. They 
propose to absorb the nitrous fumes in these organic liquids, sub¬ 
sequently expelling the nitrogen compounds by distillation at , 
temperatures below the boiling point of the aliphatic ester. Amyl 
acetate appears to have the maximum solvent power, .one part of , 
which, at ordinary room temperature, being capable of dissolving 
•r absorbing nearly 20% of its weight of N 2 O 3 and NOj, which 
is considerably in excess of any other liquids which have hereto¬ 
fore beefi proposed for this purpose. The nitrous fumes ait easily 
'recoverable from such solutions by passing a'lr or inert gas through 
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the ester when the latter is heated below its boiling point. 

Those esters whi<^ are comparatively insoluble in water (amyl 
acetate, amyl propionate and amyl valerianate) when saturated 
with the nitrogen oxides, may have the latter almost completely 
removed by the addition of water, thus converting the nitrogen 
into nitrous and nitric acids, which may be separated mechan¬ 
ically from the mixture, the water and ester forming an immiscible 
layer from which the aqueous acid may be withdrawn from the 
bottom layer, the line of separation between the acid and ester 
being clear-cut and distinct. 

Acid Vahres. An exceedingly important topic in connection 
with the question of mixed nitrating acids—and one which is of 
considerable financial importance—is the subject of acid valves. 
In the Installation of a ten wringer nitrating unit with the acid 
supply and waste acid in connection therewith, over one hundred 
valves are required in a modem installation. Of the various types 
bf acid valves used for this purpose in the United States at the 
present time, the Everlasting Valve has been most extensively 
employed' and widely used. The general arrangement of the 
working parts of this Valve is illustrated in Fig. l.SO, and assembled 
in Figs, l.'il and 132. The working parts of these valves do not 
wedge, being independent, “floating” parts, the disc always 
sliding in contact with the seat, and with a rotating movement 
which regrinds the faces of both. 

When full open the valve is merely a portion of the acid pipe, 
so that the joints between the two bonnets may be broken, thus 
leaving all the working parts easy of access. The bottom bonnet 
and disc may be refaced without special tools, spare parts are 
obtainable, and this prolongs the period of efficient surface. 
The nitrating valves are of high silicon gray cast iron, machine 
ground. In the “screwed” acid type Everlasting valve shown in 
Fig. 131, and known as a “quarter-turn” valve, the lever is always 
installed on the far side from the pressure, being easily removed, 
gs is the stuffing box gland, to permit of repacking of the post.. 

The “flanged” acid type valve (Fig. 132), while increasing 
the number of packed joints due to the use^of the flanged cmmec- 
tion, is nevertheless desirable where the size of the valve exceeds 

1. MiUiufactured by the Everlasting Valve Co., of i Rector s£?. New 
York City, and developed ueder the direction of John H. Allen, Presi<^t of 
the Company. , 
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2*. Inasmuch as a valve must be regarded as a part of the work¬ 
ing equipment, it should \)^ so installed as to be easily removed 
from the line if desired. 

In the “double disc” of acid type valve (see Fig. 133), which'is 
made both screwed or flanged where the valve may be subjected 
to pressure from alternating directions, its field of usefulness is 





Fig. 131. —^Evbrwstino Vacvs, Acid Type, Scrbwed 


mainly for acid storage tanks, as indicated in Fig. 135, this photo- 
grapht-being taken from the installation of the Nixon Nitration 
Works at Metuchen, N. J. 

In the type of valve illustrated in Figs. 134 and 136, and designed 
primarily for use in connection with the du Pont or Mechanical 
system of cottoh nitration (see Chap. X), the mixed acid is brouglrt 
to the measuring or weighing room on the top floor through 
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either a I'A" or 3" line under air pressure, and enters the measur¬ 
ing tank through a 3" Everlasting acid type valve with shield 
(Fig. 134). This valve is built witlf a stub lever which comes 
directly in front of the broad eyelet in the shield, only when the 
valve is closed, the valve being functioned by means of a socket 
wrench, the large head carrying the socket, closely fitting the eye 
in the shield. 



Fio. )32 .—Evurcasting Valvb, Acid Tvpb, Flangkd 

Whenever the operator moves the wrench to open the vaive, 
the wrench engages in the .slot and is not removed until the 
proper amount of acid has been run in the tank as indicated by 
the gauge. The mca.suring extends from the tank througfi a 3' 
discharge line over to another 3' valve, which branches into four 
distributing lines, each of which is likewise controlled by a valve 
gi the type shown in Fig. 134. The operator po^esses only one 
socket wrench for the five valves iiuhis unit. Jile first carries the 
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wrench from the intake valve on the 
measuring tank to one of the dis¬ 
charge valves, opens the latter, and 
remains there until the lin^ is 
drained, for he cannot remove this 
socket wrench without closing the 
valve. When this line is drained 
the operator removes the socket 
wrench, returns to the measuring 
tank, and the operation is repeated. 

In the meantime the cotton has 
been weighed and conveyed to the 

„ ,, nitrating pot located on the floor 

i i;i.).--hvBRi,AsTiNi; Valve, .. , 

Acid Type, Double Disc directly underneath. At the close 





•Fio. 134.- -'■Everlasting Valve. Acid Type, with Shield 
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of the miration period the valve shown in Fi|. 136, and known 
as the acid type «extension handle form, is opened, and the 
nitrated mass together with the spent acid is discharged into 
the basket of a centrifugal. There are four of these nitrating 
pots and <hscharge valves (6" size) per unit. A flexible nozzle 
may be swung from each of the four discharge lines so as to convey 
■the contents of the nitrating pot into a common centrifugal. 



r. 



I ^ 

, Pio. 136.—EyBRCASTiNG Vacvb, Acid Form, with Extbnsion Handbb 

Manufacture of Nitrocotton Mixed Acid, English Practice. 
1116 following details of acid mixing for nitrocellulose manufac¬ 
ture show the thoroughness and thoughtfulness for seemingly 
unimportant points, indicative of English chemical practice in 
general, t 

Preliminary Mixer. ^ A mixer which has given general satis- 
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faction is a cylindncal vessel of three-eighths inch boiler plates 
riveted together to form a tank 5' high and iT)' diameter, flanged 
at the top to take a cover. The latter is iSslted together in four 
equal sections, the whole being bolted against asbestos packing 
to the flange of the mixer. Through a center casting carrying 
an oil seal fitting, is suspended the stirrer of 2 V 2 ' shaft, the pro- 
I peller of which revolves at a height of 10” from the bottom of the 
mixer, inside a cylinder of half-inch plate, ojien at each end, this 
latter being mounted on four legs 10" long, being 28' high over 
all. Symmetrically placed around this, i. e., one under each lid 
sector, are four drawn mild steel coils standing on acid-proof 
bricks (II") for water c«xiUng purposes. Through suitable holes 
in the lid are fitted: 

1. A manhole with lid. , • 

2. A 2" mild steel pipe dijiping 4' to deliver oleum, this pipe 

being connected with 2” mains Icadiqg direct to Mannheim and 
(Irillo oleum storage tanks. • 

2. An exactly similar 2" line for sulfuric acid (for doping 
purposes) feeds from the mixers spent acid storage. 

■1. A 2" line feeding concentrated nitric xicid from the retorts 
(or stills), and which clips to within a foot of the bottom. 

5. A 2" earthenware Ijjie feeding weak nitric acid from the 
weak nitric acid receivers of all producing plants, and provided 
with 2' ()" earthenware dip pipe. 

G. A 4" earthenware fume line leading to absorption towers 
for the exhaustion of fumes evolved in mixing. 

7. A d'/j" inspection hole for sampling, covered with a lead 
lid. 

8 . A 1" hole carrying a 40" thermometer suspended in the? 
center of one of the four coils. 

9. A '/i dip hole left open for dip rod. 

10. A ’/c" rod carrying a regulus metal plunger seated to 
exit casting. 

^ In the above apparatus all acid flows to the mixer by gravity 
through the respective lines. 

■ TJie exit is preferably a cast steel swan neck having the seat¬ 
ing against the bottom of the tank carrying the above plunger. 
This %Van neck leads directly to a Quinan valve, and then a cast 
iron plug cock, and so to the pumps viaS" mild stael lines. The 
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mixer stands on a base of acid-proof brick work and channel iron, 
18' high. A lead mixer is exactly similar except being lead lined, 
and is occasionally used for fortifying with sulfuric acid and 
waste nitrating acid in conjunction with nitrocotton mixeA acid. 

In addition, each mixer is provided with a gauge glass, the 
fitting for which is tapped to the boiler plate 4' from the bottom, 
the glass being clamped in a vertical position over a carefully 
graduated lead scale. The coils are drawn mild steel of I'/j*" 
1 ^/ 4 ' internal diameter and walls '/ 4 * thick, having 1.3 turns sup¬ 
ported at equal distances by four iron standards bolted sym¬ 
metrically. ITie cooling surface is 9750 sq. in. with a total 
length of-135' 6 ', and stand 4' high. The diameter is 3 ', with 
the inlet and outlet protruding through the lid of the mixer, 
leaving screen and socket for connection to the water main. 

Experience has demonstrated that best results are obtained 
when these coils are jacketed where the inlet and outlet arms 
prt)trude through the lid. This prevents fiunes—-which give rise 
to weak acid—corroding the coil. Coils which have given out 
at the welds are repaired by re-welding the jacketing, in both 
cases mild steel jackets being welded to the coil. 

The stirrer is suspended, and attached to the mixing hou.se 
girder by bracket bearings, the actual suspension being from 
Hofmann ball bearings. The shaft is 2 V 2 ' diameter steel, carry¬ 
ing a propeller with 8' blades, and is belt driven (the belt pulley 
being 4' wide and 27' diameter), from a live shafting and clutch 
pulley driven by a 10 h. p. Siemens motor, the belt being cross 
drive turned through an angle of 90°. On revolving the stirrer 
(160 r. p. m.) the acid is drawn up inside the drum to meet a 
disrupter clamped to the shaft 6' above the top of the drum. 
This quickly and efficiently mixes the acid. 

The Mixing House is preferably constructed of corrugated 
irqn over steel girders, about 15' high and standing on an acid- 
proof brick mat set with bitumastic Nori cement on ferro con¬ 
crete foundation. It is surrounded by a deep split pipe giltte| 
of earthenware, so that washing down by flushing fen- cleanliness 
is comparatively easy. The mixer house should be well venti^ted, 
and is only closed in for about one-third of the len^pth to give 
shelter to rite pumps, motors and operatives. This p^ is stliam 
heated in cold 'breather. The wall of the house is provided with 
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brackets to carry the above mentioned line shaft running the 
whole length of the house on one side.^and about 0 feet from the 
floor. 

The Ke'emfyini’ Acid Blenders are cylindrical tanks of five- 
eighths inch boiler plate, double riveted together in sections 20' 
in diameter and 12' deep, and having a dome-shaped lid. Each 
blender is provided with stirring arrangement, but carries no 
coils. 'I'he stirrer is similar to that used in the mixers, but is 
suspended from a bracket built to the center casting of the lid. 
It is a vertical shaft carrying a propeller at a height of alxmt HO' 
from the bottom of the tank. The propeller is surrounded by a 
drum which is about 0' in height from the bottom of the blender, 
and supported on four legs. About O" above the top of the drum 
is the disrupter as in the mixer, the disrupter l»ein^ a flat strip 
of iron 3' wide and IS’ long, clamped to the shaft at its middle, 
'fhe lids have each a man-hole easting and lid, a 4' mild steel 
fume line, and a sample hole fitted with a lead tray through 
which a dip rod may be lowered from a pulley in the roof of the 
blend house. The inlets to (say) Blend 1 are; (a) a 3' mild steel 
line, boxed and steam heated, feeding oleum by gravity from the 
oleum storage; (b) a similar line feeding sulfuric acid by gravity 
from the .sulfuric ackl* storage; (c) a similar line feeding nitro- 
cotton mixed acid. 

'fhe blender stirring apparatus is driven by a 5 h. p. motor, 
placed on a platform at the edge of the blender, power being trans¬ 
mitted by a 4’ belt. The blender stands 3' from the floor on 
brickwork and channel irons. 'I'lie floor is preferably of acid, 
proof brick, and the area should be adequately drained, it is 
not necessary to enclose the blenders, but the stirring pulley and 
driving motor and belt should lie protected from the weather, 
being enclosed in wooden casings. The only entry is from the 
revivifying acid mixers, the latter being connected by a 41 mild 
steel line, distributing by 3" mild steel line to each tank. Dc- 
; 'fKrery is by a cast steel 3' swan neck with usual fitting and 
check valves, and delivers to the nitrocotton mixed acid blenders, 
'rtiey are fitted with 4' earthenware fume lines. 

. Tkg ^Nitrocellulose Mixed Acid Blending Tanks^art 2(1' x 12', 
of the same specifications as the revivifying acid blenders, being 
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equipped mth stirrers. Each blending tank has the following inlets; 

1. A 3' mild steel lifie for sulfuric acid leading from the 
vitriol storage. 

2. A similar line leading for rejuvenating acid, leading froth 
the fortifying acid tanks. 

3. A 4^ main of mild steel, feeding spent acid from the nitro- 
cotton spent acid storage. 

Each blending tank delivers to a layout of several pumps 
(usually 6), which in turn run to the nitrocotton mixed acid 
storage tanks, and each is fitted with a 4' earthenware fume line. 

The Blend House is usually constructed of wood, and con¬ 
tains the blending tanks, with an offset for the pumps and then- 
connections. From the roof are suspended the dip rods on pul¬ 
leys. The entire .building should be well ventilated and pro¬ 
vided with suitable gantries and protection railings. 

Nitrocotton Mixed Acid Storage Tanks are similar to the 
blenders, being 20' x 12', of Vs" boiler plate, and not equipped 
with stirrers, being unlined. Each tank is provided with an inlet 
pipe, a 3* lead from the blend house pumps and one delivery, the 
usual 3" swan neck and plunger fittings leading via a Quinan valve, 
and a 3* cast iron plug cock to the nitrating house. The domed 
lid is fitted with a center casting carrying q, tripod for the sus¬ 
pended dip rod over a I*// dip hole. All are mounted on brick 
piers to a height of about 20' above the ferro concrete mat on 
which the tanks are built, the run-off being by gravity. 

Nitrocotton Spent Acid Tanks are similar to the mixed acid 
storage tanks previously described, those into which the nitro¬ 
cotton spent acid is pumped, being lead lined. Each tank is pro¬ 
vided 'Wth two 3" inlets, one being of lead and the other of mild 
steel, which latter is the pump line leading from the spent acid 
well\from which the spent acid is run off after nitrating. The 
deliveries are in each instance the usual 3" goose neck, and by 
duplicating and interchange lines the acid from any two tanks 
may be nm down together to any mixed acid blender by gravity. 
Also leading from these acid interchanging lines is a 3' pipe leading 
to the spent acid pumps situated on the ground level, the tanks, 
being elevated about 22' on brick piers. These pumps are de¬ 
signed for the deKvery of a certain percentage of the total spent * 
acid to the stills for distillation''(usually 30%-40%); in conjunc- 
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tion with these pumps and also with the blend house pumps, is 
an acid egg of about 25 tons capacity for blowing acid in an 
emergency. It is seldom used excejft as an acid pump and for 
dfaining various mixed acid lines. The spent tanks are located 
in the open—the same as the storage and fortifying acid tanks— 
and are preferably placed between the two batteries of storage 
tanks, the whole layout being arranged symmetrically about a 
line tlirough the spent acid and blender tanks. 

Capacities. So far as standard sizes and differentiation in 
calibration are concerned, corrections obtained by absolute weights 
of water to account for the presence of a stirrer or a lead lining 
are applied for all dissimilar acids used in the various tanks. On 
the nitrocotton mixing system the approximate capacities are, 
for: mixer, 18 long tons; fortifying acid, lo5;^mi3#ed acid, 180, 
blender tank, 180; spent acid tank, 175; and acid egg, 25 long tons. 

Manipulation of the Process. Assume that the object is to 
produce nitrocotton mixed acid of the composition •il2S04, 
61.7 =*= 0.3 , HNO3 23.7 0.3, II2O 14.6 o.l, the operation is 

carried out by fortifying a certain percentage of nitrocotton mixed 
acid returned from the nitrating hous* (usually f)0%-70'X,) with 
fortifying acid, the first essential, therefore, being the 

Production of Revivifying Acid. In general it hasjbeen found 
that the composition of the fortifying acid varies within 2% or 
3% of its composition according to the acid balance over the 
section which determines the weekly program, and hence the com¬ 
position of the fortifying acid for that week is dependent upon 
the percentage of spent acid to be pumped to the stills. Naturally 
the more spent acid returned to the stills, the greater the dilution 
of the fortifying acid in a given tonnage of nitrocotton mixed acid. 
If the average composition of the fortifying acid is considered to 
be: H^SO,, 60%; HNO, SS'/o; HiO, 1%, we have available ^0% 
oleum (104.5% HjS 04 ), 92% sulfuric acid, 90% nitric acid, a 
little nitric acid from the stills, and a little 92% nitric acid from 
the retorts. Knowing the weight of the total desired mixtwe, 
the percentage of each constituent is calculated as stated else¬ 
where herein, and from this the unconfirmed (by analysis) mix 
is produced. The stock inventory of the various acids concerned 
* ViU determine what combination it is feasible to ooiploy to obtain 
the percentage composition desired. In mixjpg but little heat is 
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developed except when oleum is used, and as previously mentioned, 
this is reduced by residus^ mixing. The acids are run into the mixjr 
always in the following otUer: oleum, by cmful dipping; sulfuric 
acid, ditto; strong nitric acid, and also we^ nitric acid, by c?je- 
ful dipping at the producing plant receivers. All the above are 
calibrated and the strength of each acid first determined by 
laboratory analysis. When all acids have been run in, and cool¬ 
ing has brought the temperature to about 25°, the mixture is 
pumped to the desired storage tank. From here it is pumped to 
the blender, where it undergoes a two-hour agitation, sampled, 
and if within the allowable fluctuating range of composition, is 
placed in the finished acid storage system. The mixing, stirring, 
sampling and analysis requires a nine-hour cycle. 

Transfer and Distribution of Concentrated Sulfuric Acid. In 
connection with the preparation of mixed nitrating acid, is the 
series of operations of the handling of the sulfuric acid portion 
of the mixture. Concentrate^' (92%) sulfuric acid is delivered 
from the Gaillard concentration plant into (preferably) two 
series of lead storage tanks, five being allocated to each Gaillard 
house. As soon as the acid has been delivered to these storage 
tanks it may with propriety be considered as belonging to the 
mixers whose function it is to pump it away to the consuming 
plants according to their requirements as indicated by the gen¬ 
eral acids program. In a self-contained nitrating unit, the con¬ 
suming plants are: (a) the Grillo oleum plant; (b) the nitric 
retorts; and (c) the acid mixing system. 

Bach Gaillard house, therefore, should be arranged in such 
*a manner that the respective storage tanks lead into a common 
mild steel line via a plunger outlet and a 3' cast iron plug cock. 
From this common line there may be three leads, two to acid 
pumps, and a third to a 25-5U ton acid egg used in an emergency in 
conjunction with or instead of the pumps. These pumps pref¬ 
erably each deliver to a Y-piece controlled by a cast iron plug 
cock, one lead feeding the Grillo and the other the nitric acid 
retorts and the acid mixers storage. The lines from both houses 
should converge into a common line outside the plant. 

Sulfuric Acid Storage. At the Grillo this may consist a 
suitable number of standard 30' x 9' storage boilers,* each, pf 
capacity of abouj 90 long tons 92%, HjSO^. At the nitric acid 
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retorts, in conjunction with the retort houses arc provided one 
or more storage boilers of about 7’) tons capacity, and arranged 
with dip rod and tripods as previously described. Of these, one 
is reserted for mixer stock, the balance having common delivery 
lines to the retorts vitriol feed tanks. All the above storages are 
best fed and delivered by S" mild steel pipes, the deliveries being 
, controlled by the usual cast iron gland plug cocks and stop valves, 
and all are built on brick piers so that gravity delivery is pro¬ 
vided for all the plants. 

Distribution of Condensed Sulfuric Acid from Storane Boilers. 
The two ton feed tanks in connection with each nitric acid retort 
arc individually filled to a definite dip. 'I'he foreman in charge 
of the various storages keeps a storage tank turned on to the 
mixers at the mixing houses and to the nitrocotton blwidihg. 

Those unforeseen emergencies which inevitably arise, and 
usually when least expected, apparentjy are taken into considera¬ 
tion in the above described acid storage and circulation scheme* 
it being borne in mind that the success of the transfer and dis¬ 
tribution depends primarily upon the accurate measurement of 
all tanks before and after pumping so as tft be in a position to 
decide precisely the amount to be pumped, and especially to 
guard against spills from e^ver-pumping. Reliable and conscien¬ 
tious men are required for this work as with the mixing process 
itself. 

Water. The chief use of water is for the cooling coils of the 
mixers. For this purpose a 4" water main should run the length 
of each mixing house, l-'rom this main is provided a 2" lead to 
each mixer, and having opposite each coil a further 1'// lead,^ 
supplying the inlet to each of four coils. Each 2" lead is con-* 
trolled by a 2" water sluice valve cutting off entire water supply 
to the house. A Vi” water main encircles the mixers at a height of 
4' 6", being by-passed and controlled from the 1'// main. Thij 
line is perforated with holes on the inside, and can be used 
to coot the mixes by extenial spraying in cases of emergency^ 
generally when all coils have to be closed due to a burst coil. 
.The oOier sections of the plant are fed by 2" mains with inch 
leads to bib cocks with .screw fittings for 1" water hose for wash¬ 
ing da^fn. * 

Air. But little air is used excepting in an i*nergency for 
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blowing the add eggs already mentioned. The feed to these 
eggs is by a 1' line ^tted with a pressure gauge and 40-60 lbs. 
pressure being always ample for all blowing purposes. In addi¬ 
tion a small V 4 *' air jet reduced to 10 lbs. per square *1nch in¬ 
serted in the absorption tower should be provided, as also one 
for.air agitation fitted to the nitrocotton spent acid tanks—rarely 
used. « 

Mild Steel Pipe Lines. Lines for all mixed acid and con¬ 
centrated sulfuric add and oleum should be of mild steel, being 
to the Association Standards of steam fittings. All pumping and 
drawing mains are 3' with the following exceptions: 

(a) Delivery main and header from the mixed add blend 
house to the storage tanks. 

(b) Ddivery lines from the spent tanks to the nitrocotton 
acid blenders. 

All these should be of 4' mild sted lines while the feed lines for 
oleum and sulfuric acid to the mixers and to the 2* Douglas pumps 
at the weigh tanks are 2' mild steel lines. 

All lines containing oleum are steam heated by Vs* lagging 
lines and whole box£d in where possible, which is essential at least 
in winter to prevent solidification. All lines are carried by trestle 
or gantries fitted with pathways and iiand rails, and the long lines 
have expansion bends every 40 to 50 yards. 

Cast Iron Plug Cocks, The mild steel lines are all controlled 
by cast iron plug cocks with the exception of a few cast iron 
sluice and gate valves fitted in cases of shortage of plug cocks. 
On all lines 'A* to 3' they are quite similar, being simple cast iron 
^ gland plug cocks. The plug of the cock is seated in a “pan” 
shell and held in position by a bolted gland packed with prepared 
asbestos and turned by a loose key. On all 4' lines, and some 
3' lines although similar in other respects, the cocks are operated 
hy a worm gear to facilitate turning. 

The smaller cast iron gland plug cocks, Vs"'i V«* ““d 1', are 
double socket and screwed. The important point in connectjpn 
with these cocks is to keep them properly packed, oiled and 
cleaned, and above all, to see that they are turned at le^ once*) 
every shift. In general, they are quite satisfactorj^ and entirely 
safe, thefi- life depending upon the quality of the metal, ^ifiventu- ^ 
ally they became cracked (either plug or shell), due to the apparent ^ 
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porous nature, of .the castings developing a,fissure. All flanges 
are jointed with asbestos millboard and mineral jelly. 

Air Releases to Pumps. Each pump is gravity fed and 
hence at the lowest point is prone to suffer for air lock either in 
the pump or the line in this vicinity of the pump. To obviate 
this trouble a '/s* mild steel line controlled by a '/i" cast iron 
gland plug cock is tapped into the highest point of the pump body 
through a special “boss.” This line leads into a common 1' line 
to each battery of pumps which dips into a carboy or drum. 
After starting to pump, should a “knocking” occur due to air 
lock, the air release cock is opened and the air, together with a 
small quantity of the acid being pumped, is released, the latter 
being saved in the drum—this drum being then dumped at one 
of the dumps previously mentioned. 

Earthenware Pipe Lines. These aft for the weak nitric acid ^ 
and lead from all such receivers at the producing plants to the 
mixing houses. They are mainly 3*^ with leads, all being acid- 
resisting stoneware with the usual spigot and socket joint made 
with blue putty a.sbcstos cord and silicate finish. 'I'o the present 
air locks, a Harts condenser tube is fitted vertically, open to the 
atmosphere. ’ 

Earthenware Plug Cocks. At the receivers they are usually 
1' or V/t’ bib cocks, the line cocks being 2" or 3' fullway. On 
the 3' lead lines they are 3' fullway block type with metal bolted 
fittings, the plugs of these being square for a key and are held 
down by a metal stirrup. As is expected with weak nitric acid, 
cocks are liable to drip. However, tliey receive special 
attention, being greased and reseated as often as required, any 
drips befeg caught in an earthenware or lead tray leading to a 
carboy, from which the acid is transferred to ca.-thenware eggs at 
the retorts. 

Lead Acid Lines. All strong nitric acid should be fed from^ 
the'strong nitric acid receivers of the producing plants, to each 
jv.ivpr by a 3' lead Une of 12-lb. chemical lead with regulus metal 
flanged joints or heavily burned joints. The line is controlled 
by the.above Mentioned 3' fullway earthenware block cqcks and 
* fittings, prevent air locks a 1' verticahlead line ^th an anti- 
splash globe»is led^ut at intervals to a height of § feet, i. e., above 
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the height of the rsceivers. The reason for this is obvious. 

Dip Rods are in use with every storage vessel having any 
connection with the mixing subsection. For mixed acid and sul¬ 
furic acid storage tanks and blenders, they are made of the approx¬ 
imate standard lengths (e. g., for 20' x 12' tanks 14' O', for 30' x 
9' tanks 10' O') and are of ^/t" square iron rod in feet, inches and 
one-half inches to the required height. 'They are suspended by 
chains from tripods over tlie dip holes of the respective storage 
tanks, there being certain advantages of having these rods tipped 
with aluminium to prolong their life. In dipping both strong 
and weak nitric acid and all acid mixtures, a copper rod is used, 
which is afterwards placed against an accurate lead scale. 

Dipping. The success of the mixing section depends in a 
large measure upon accurate dipping by reliable operatives. All 
acid is dipped in its storage before any transfer is attempted, 

' which is absolutely vital and equally so is the resultant dip at 
either end of the transfer. Detailed records, of course, should 
be kept of all process dips by the respective operatives and all 
transfers made, if necessary, can be traced back should any ap¬ 
parent discrepancy occur. 

Sampling is equally important*: Average samples of oleum 
are always taken from the delivery line. Samples arc withdrawn 
from the blenders as desired by means of a lead jug suspended 
from a chain or lead covered rod. The jug should first be rinsed 
out with the acid and then the bottle for the sample rinsed out 
(with the acid being sampled), the fluid being withdrawn from 
the center of the tank. The bottle is carefully stoppered and 
wiped round clean, labeled and an advice note made out to accom¬ 
pany it to the laboratory for analysis. 

Draught. For ventilation purposes to eliminate fumes, a 
■■ small absorption tower with air injector is advizable. In the 
mixed acid hou.se a fume line should be run into the line leading 
•' to the retorts absorption system having large air injectors* A 
draught for nitrocotton’mixing acid tank is also advizable. 

Calibrations. The true calibration of every acid containid^' 
vessel is, of course, of the utmost importance and mu^t be ac¬ 
curately known. From the water calibration of eacl» tank, the, 
acid conteil is determined by means of the difference in gravity, 
Tiofinite amounfs (usually '/j or 1 ton) of watSr are run into the 
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tank, after bckig'accurately weighed ou $ true weigh bridge, and 
successive dips taken. UTien full the tank calibration is further 
checked by running off similar quantities, carefully weighing 
them, and taking successive dips. The mixing process, theo¬ 
retically, does not involve any actual loss of acid except due to 
accident or fume mains, hence when apparent discrepancies in 
transfer of acids occur, they arc invariably traceable to faulty 
dips, slight differences in calibration perhaps controlled by tem¬ 
perature, but not allowed for, or more probably to fluctuating 
line contents which unquestionably exist to a certain extent. 

Absorption Towers perfonn the function of absorbing any 
nitrogen oxides in the fumes. 'I'hc usual .small quartz packed 
towers are efficient for this purpose, being I.')" in’diametcr and 
12' high. 

Nitration and Nitrous Fume'Poisoning. In the studjr of 
occupational diseases and aceident prevention in the chemical 
industries, the fume hazard and effect of nitrous fumes on the 
workmen; the fallacy of believing that certain men are idiosyn¬ 
cratic to the extent of immunity to nitrous fumes; medical super¬ 
vision and treatment; prevention of fume poisoning; hygienics 
of correct ventilation; are*exceedingly important topics, but hardly 
within the province of tnis work for profitable discussion.' 

The use of rubber aprons, boots, gloves with gauntlets and 
efficient goggles, coupled with an efficient ventilation wherein the 
fumes are removed by steam jet suction from near the floor, 
together with the insistence of proper sanitary precautions as to 
change of clothing, compulsory periodic bathing and periodic 
change in occupation, have generally been found sufficient. When 
acid is spilled it should at once be removed—if possible—^by 
means of a hose and heavy stream of cold water. If this is im-* 
practical, then impure soda ash in excess should be sprinkled'on, 
until effervescence ceases. 

Calculation of Acid Baths. 'The regeneration of acid baths 
constitutes one of the most important processes in the industry 
of nitrocellulose. As nitration proceeds and the nitrating bath 
becomes higher in water and sulfuric acid and loMier in nitric 

1. In this connection reference is mad# to a compAhensive article in 
Traveler#Standard, 1918, *, 81-97; abst. C. A. 1918, 12 , 2442. C. Duis- 
berg, Zts. ang. Chem. 1897,10, 492. 
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add percentage, such batjis are no longer useful for further nitra¬ 
tion until brought back to its original composition in nitric and 
sulfuric adds, which is done by adding a definite quanti^ of 
concentrated rectifying add. The quantity required for this pur¬ 
pose must be found by calculation in order to obviate the tedious 
and laborious trial methods formerly in use. Not only must the 
add be brought back to its original composition, but those imper¬ 
ceptible irregularities accumulated during the nitration reacticm 
to such an extent as to produce appreciable effects upon the com¬ 
position of the waste acid have to be taken into consideration. 

In the ptuifying of these acids calculations are unavoidable 
and by the use of graphic methods, as described herein, the trouble¬ 
someness o{ these calculations may be reduced and the maximum 
amount of time saved as the result. The frequently occurring 
problem in practice consists i» the calculation anew .of the per¬ 
centage composition of the add bath of known content after a 
certain proportion of sulfuric and nitric adds have been added 
separately or mixed together for the sake of reinforcement. 

Assuming the follomng problem presents itself; in which it 
is necessary to regenerate in the nitration room, an acid bath 
weighing 3500 kilos, and having the following composition: 

HjSO« 61.25% 

HNOa 23.12% 

HjO 15.63% (Including HNOj) 

If there is added, for instance, 720 kilos H:S 04 95%, and 350 kilos 
•(nitric) HNOj 89%, what will be the percentage content of the 
new bath, after the mixture has been effected? 

In the calculation of this problem abbreviations involving 
the following are necessary: 

* B Weight of the old bath. 

I S Weight of the rectifying sulfuric acid. 

N Weight of the rectifying nitric acid. 

W Weight of the rectifying water. 

, a Percentage of sulfuric acid in old bath, 
b Percentage of nitric add in the old bath, 
c Percentage of water in the old bath. 

X Percentage of sulfuric add in the new bath. .% 

y Percentage of nitric add in the new bath. 
z Percentage of water in the new bath. • • 

n *' Strength of the rectifying nitric add. a 

Problem 1. ^ow mucll sulfuric acid is present in the old 
bath? • • * 
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Formula; 


B X a 
100 


= HjSOi (conttnt of old bath). 


, ^ . 3500 X 51.25 

Example:-- = 2143.75 kilos H 5 SO 4 . 

Problem 2. How much H!S 04 is contained in the 720 kilos 
of rectifying sulfuric acid? 

„ S X s 

Formula; content HsS ()4 in rectifying sulfuric acid. 


Example: 


95 X 720 
100 


G.54 kilos HsS 04 . 


Both added together give the sulfuric acid content of the new bath. 


B X a >S X s 
100 UK) 


2827.75 kilos! 


The percentage composition ^s then easily found from the 
following proportion; • 

Weight of the new bath _100 

H 2 SO 4 content of the new b;Uh X 
or; 

bV^ S X s 
foo UK) 

from which follows: 

(B + S + N) x = (B X a S X s) 

The percentage HjS 04 content of the new bath is therefore equal to^ 
BXa+SXs 

V = - *I 

B + vS + N 

In a similar manner is calculated the percentage HNO 3 content of 
the new bath: * 

BXb+NXn • 

y — - 11 k< 

B + S + N 

• 

Thus is answered the question as to whether the desired com- 
pejition of the bath can be thereby attained or not. If this is 
not the jase it becomes necessary to try with other numerical 
valugs of S and N, hence the rectification of the nitsation method 
is determined rather by trial—by a kiAdof apprcfdmation method. 
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This procedure is undoubtedly still used in many nitrating plants, 
but the rapidity of the'results obtained depend largely upon the 
guessing ability of the person entrusted therewith. The above 
calculations show a method for the direct determination of* the 
quantities of rectifying acid S and N without the roundabout 
way of the trial method, the only question being to solve the above 
equations for N and S which are now unknown, whereas in this 
case one may assume x and y as known. 

From Formula I it follows directly; 

- x) + S(s -- x) 




III 


In the same way it follows from Formula II: 

. X b + N X n = y(B + S + N) 
B(b —y) + N(n—y) 


Hence 


vS- 


IV 


.y 


The above formulas are fundamental for all the further 
theoretical considerations, but whereas the formulas are com¬ 
paratively simple enough the calculations involved are not satis¬ 
factory to the practical ^an. 

L. Clement and C. Rivier4' have endeavored to simplify these 
formulas and have done so to the extent ®f obviating the neces¬ 
sity of solving the equation with two unknown quantities con¬ 
taining numerous figures, but the impossibility, or rather diffi¬ 
culty, of comprehending it at a single glance readily leads to 
errors of calculation. 

, These formulas may be elucidated by explaining in detail the 
following definite steps: If one tries, for instance, to solve the 
proposition 1000 kilos of a nitrating batli of composition 63.40% 
sulfuric and 20.64% nitric, to be transformed into a mixed acid 
containing 60.0.5% sulfuric and 23.08% nitric by adding 89% 
nitric acid and 95% sulfuric acid, it will be found by the equation 
that N equals -|-30 and S equals —20; in other words, we must 
withdraw 20 kilos of sulfuric acid and add 30 kilos of nitric acid 
—an impossibility.' We therefore have recourse to graphic 
methods, for in this manner calculation as to working methods 
may be provided and time, vexation and losses eliminatef}. This, 


1. Caout. ct Guttap. 1909, May. 
7, 1610. 


Mon. Sci. 1913,78, 73; C. A.W13. 
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however, in some instances, may he attained only in the round¬ 
about manner.throiiKh theory, particularly tlironj;!! the elucida¬ 
tion of liquations III and IV, which serve as the liasis for the 
theor^t ical deduct ions. 

Acid Calculation by Method of Clement and Rivieri, who, 
in the various refinements of their Krai>hic method for calculatinR 
the nitriK'ellnlose and nitration baths, have shown that the decree 
of nitration (n) is a function of the water content of the acid 
mixture. 'I'liis, mathematically, is expressed as follows: 

^ __ 140a (OA 'JBina 1S0(A IDn 
|0A 2B)n 


A = wt. of nitrocellulose with n', N; B —' wt. of acid bath; 
a (or modulus of nitration) = '(II-O in spent aeid tJC); minus 
%}hO in original bath (Z). The ratio B is *]>ractically a 
constant for any Kiven imiduct: 

In the applieation of I'ormulaiilll and IV, mamiitudes x and 
y, s and n and B may be considered as constants: 

1st. X and y: Because in every bath the nitration is always 
carried out according to a definite formula^ 

2nd. s and n: Because for technical and economical reasons 
the rejuvenation of baths must be carried out with as concentrated 
acids as obtainable and*which it is ])olicy to obtain always of 
approximately the same strength. 

.Ird. B: Because the tendency in the most modern practice 
is to maintain a constant quantity of mixed aeid. The magni¬ 
tudes, therefore, a and b, are variable, while B and S are unknown. 

During nitration assume the following have been used, re¬ 


spectively : 

UNO, 2.tits kg. X •'■> = 12.315 kg. 

H-iSO, H 710 kg. X 5 = 43.7(K) kg. 

H«0 2 003 kg. X 5 = 10.-10.5 kg. 

i 

For a second nitration under the same conditions there are, 
therefore, necessary: ()()..o0() kg. of acids less .'1().5(K) kg., i. c., 
3f) kilogrammes of a mixture containing, respectively: 

HNOj H 2 SO, H,0 

12.31.5 kg. 43.700 kg. 10.405 kg. 

2.882 kg. 21.258 kg. -6.350 kg. 


T).4.33 kg. 22.442 kg. 4.106 l^g. 

By means of fresh acid this composition *iay readily be 



1400 


TSCHMOLOGY OV CSU<inX>S& BSTSRS 


obtained. As far as possible sulfuric and mtnc adds riiould be 
employed containing the maximum percentage of, monohydrate, 
so as to reduce to a minimum the increase by weight of the mix¬ 
ture recovered.* • 

The initial bath is of fixed composition determined at the 
commencement of the nitration series, and from time to time a 
portion only is discarded or sold. All the factors involved in 
properly fortifying the bath by the use of acid mixtures of mini¬ 
mum cost are thus comprehended.* 

The Redpath Method of Acid Calculation. The following 
graphical method for the determination of the quantity of forti¬ 
fying and sulfuric acids to be added to preliminary mixings was 
communicated by the late Leon W. Redpath and first published 
in 1911.*' As.devized by him it assumes that the concentration 
of the various components in the fortifying acid, the percentage 
composition desired in the fiijal mixing, and the total number of 
pounds of acid in the preliminary mixing are constant. If the 
conditions conform to these specifications, the results will be 
mathematically correct; but should the conditions deviate from 
these specifications a proportional error will be introduced. How¬ 
ever, under working conditions the error so introduced will be 
within the limits of error allowed for thf chemical determination. 

The method requires the preparation of two charts. Fig. 135 
determines the effect upon the composition of the preliminary 
mixing caused by the further addition of fortifying acid. 

It is first necessary to make a calculation to determine the 
effect produced upon the components of the preliminary mixing 
by the further addition of 1,000 pounds of fortifying add. 

* Let a = the per cent, of one component of the fortifying add. 
b <= the per cent, of that same component as desired in 
• the final mixing. 

, c = the total number of pounds to be adjusted. 

Then 

* ?—- = the effect produced upon that component in the* 
c 

t. Mon. Sci. 1813, 7S, 73; abst. Wag. Jahr. 1913, 5S, I, 466; «. A. 
1913, 7, 1610; Kunst. 1913, S, 203. ^ 

2. Caoiit. et Guttap. 1909. 6, 3185, 3269; abst. Kunst. AlS, 2,484; 

C. A. 1913. T,m » 

3. First put^hed in 1911 by E. Worden, "Nitrocellnlow Industry," 
1, 138. 
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preliminary mking by the addition of one pound of fortifying 
acid. 

> 

For example: If the sulfuric in the fortifying acid has a 
concentration of 41.8%, and if the concentration of the sulfuric 
acid desired in the final mixing is 56.50%, and if the total quantity 
of acid used in the preliminary mixing is 54,000 pounds, then 


41.80 — 56.50 
54,000 


—0.000272. 


Or, the addition of 1,000 lbs. of fortifying acid would have 
altered the strength of the sulfuric acid 0.27%. 

The second calculation is made by the same method to de¬ 
termine the effect upon the nitric by the addition of 1,000 lbs. of 
fortifying acid to the preliminacy mixing. 

Assuming that the nitric in the fortifying acid is 52.40%, 
and that 28.2 is desired in the final mixing, then ' 


52.40 — 28.20 
54,000 


0.000446, 


which will be the effect upon the nitric of the preliminary mixing 
by adding 1 lb. of fortifjang acid to it. 'The addition of 1,000 
lbs. of fortifying acid would, therefore, alter the composition 
by 0.45%. 

It will be noted that the effect indicated upon the sulfuric 
acid is a minus quantity. Tliis indicates that in the addition of 
fortifying acid, the sulfuric component is decreased, which we 
know to be the case. 

Chart A (Fig. 137) is now plotted with these figures as *a 
basis. Selecting a point near the center of a sheet of cross- 
section paper, and taking the origin at the top, the quantities* 
representing the number of pounds of fortifying acid to be uyd 
are set off downward, according to some convenient scale. 

. Quantities indicating the desired change in composition «of 
the preliminary mixing are set off to the right and to the left. 

* The decreasing composition of the component will be taken as 
indii^ted Uy the direction to the left, while increasing cennpo- 
. sitiem is indicated by the direction to the right. A jfcint set off 
upon th^ 1,000-lb. line and to the left, accordii/g to a change 
equal to 0.27^ (calculated above), is connected by a straight line 
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with the origin. A pojjit upon the 1,000-lb. linft to the right, 
equivalent to a change of 0.45%, is also connected with the origin 
by a straight line. The right-hand line now indicates for all 
positions the relative alteration of the nitric acid in the prelim¬ 
inary mining for the addition of a corresponding number of potmds 
of fortifying acid. The left-hand line indicates the change in the 

composition of sul¬ 
furic acid of the pre¬ 
liminary mixing for a 
corresponding addi¬ 
tion of fortifying acid. 

Charts (Fig. 138) 
is made in a similar 
manner, but is drawn 
upon tracing cloth. 
The origin in this case 
is taken at the bottom 
of the paper, and the 
minus quantities are 
plotted upward to the 
right, while the posi¬ 
tive quantities are 
plotted upward to the 
left. 

Assuming the 
straight sulfuric t o 
Pio. 137.— Chart A tor the Redpath Graphic have been 97.3% 
* Method op Nitrating Acid Caccucation HjSOg by similar cal¬ 
culation the addition of .1,000 lbs. of sulfuric acid would raise 
the sulfuric component 0.76%, while it would have lowered the 
nitoc 0.52%. 

By superimposing Chart B (Fig. 1.38) upon Chart A (Fig. 
137J, it is possible to read by inspection the number of pounds of 
fortifying acid and of straight sulfuric acid which should be added 
in (wder to produce the required adjustment of the prelimutary 
mixing. , 

The action of the two charts is perhaps best seen by assuming 
a case of the addition, for*instance, of 400 lbs. of fortifying acid 
and 200 lbs of sulfufic acid, and observing \he rel&tion between 
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the two charts. Place the 2(K)-lb. lijie of Chart B (Fig. PIS) 
directly over the -((Hl-lb. line of Chart A (Fig. PIT), and in such a 
position that the intersection of the left-hand diagonal with the 
respective pound lines coincide. It will be observed that during 
the addition of the 41K) lbs. of the fortifying acid the sulfuric acid 
has fallen in concentration O.ll' ;:, and that from the addition of 
2(X) lbs. of sulfuric the sulfuric component is raised 0.1.'Phe 
algebraic sum of these two (luantities, an increase of O.O l, will be 
found to be indicated by the position of the origin on Chart B, its 
position now lying (1,04 to the right of the neutral line of Chart ,4. 



I'lo. I.IK.—Chart li for tub Rf.dpatii Graphic Method 
OF Nitratino Acid Cai.culation 


Simultaneously, it will be found that during the addition of 400 lbs. 
of fortifying acid, the nitric component was raised ().18%; but 
that during the addition of the 200 lbs. of sulfuric this compdhent 
diminished 0.11%, a net decrease of ().07'/J,. This positiftn on A 
will be found at a distance of O.Od to the right of the position of 
the origin of Chart B as it is now situated. It will also He found 
that there is the same distance of O.OIJ at the level of the 2(X)-lb. 
*line on Chart B between the right-hand diagonals on Charts A 
•and B. Had the diagonal on Chart B been continued from the 
intersections of the diagonal on \ with its 4(K)-1b. line, and had 
it been jontinufd downward with its own “slope” from this 
point, the line thus assumed, parallel to the diagonal on B, would 
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have intercepted the base li^e at a position 0.03 to the.left of the 
origin on B or 0.07 to the right of the neutral line of A; 0.07 being 
the algebraic sum of the alteration caused in the HNOt co]£- 
ponent by the addition of 400 lbs. of fortif 5 ring and 200 lbs. of 
sulfuric, while the 0.03 is the algebraic difference between the 
resultant effect upon the sulfuric and nitric and components by 
the additions so made. 

This example which we have just considered is, of course, 
the reverse of the usual operation. Ordinarily, from the analysis 
of the preliminary mixing, the required change which must be 
made is determined. The usual operation would then have been 
performed by placing the neutral line on B directly over that 
ordinate which shhll represent the desired increase in the sulfuric 
acid component. With Chart B in this position, raise it and lower 
it perpendicularly across the surface of the chart until it shall 
so occur that at the level of the intersection of the two left-hand 
diagonals there shall be a distance between the two right-hand 
diagonals equal to the algebraic difference of the change desired 
in the two components, llius, if it were desired to raise the 
sulfuric acid 0.04, and to raise the nitric acid 0.07, the algebraic 
difference between these two quantities wdald be 0.03, and the 
Chart B should be so placed that with the neutral line of B over 
-1-0.04 on A there shall be a distance equal to 0.03 between the 
two right-hand diagonals at the altitude of the intersection of 
the left diagonals. 

' When such a position has been found, the quantities of 
fortifying acid and of sulfuric acid required will be read by in¬ 
spection upon Charts A and B at this same altitude. 

The process of adjusting Chart B to its correct position 
wilTprobably require about one minute, if the chart is thoroughly 
understood, and it will be found convenient to make use of a 
pair of dividers in setting off the distances required between the 
diagonals. It will also be found convenient to place Chart A 
upon a drawing board and to insert Chart B in a'light frame, and 
to arrange some suitable guide for directing the perpendicular^ 
motion of this latter chart, then when the correct laterii p6siti<m 
has been determin^, clamp .^the gmde, and maintaining tlSs 
portion, it is a simple matter to raise or lowei^ the fi^e until 
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the correct position is discovered. This should take about 1 minute. 

It may«be added that while the sct^ of this graphical method 
is somewhat limited by the size of the charts, it is a simple 
matter to reduce these quantities to a mathematical formula; so 
simple that the result can be obtained almast mentally in a 
moment. This formula will enable mixings to be made up di¬ 
rectly from known spent if this is desired, except for the fact that 
variation of the composition of the fortifying would introduce 
greater error. 

It will be observed, therefore, that Redpath regenerates 
baths with the acid mixture of a definite composition and com¬ 
pletes the work by means of sulfuric acid; whereas Clement and 
Rivier6 bring the old bath back to its former strength with sul¬ 
furic and nitric acids separately or with one of these acids and 


water. • 

H. Schwarz' has obtained c'jfcellcnt re.sults using the Redpath 
process and gives specific practical examples.''* His results show 

I. Zts. Schiess. Spreng. tOUt, 8 , 2.SS, 313; iihst. C. A. 11)13, 7 , 3664; 

Wag. Jalir. 1913, 59 , 1, 457. , tu . ki— 

2 Tills requires two diagrams wliieli arc superposed. Inc tablM 
must lie drawn in advance for a definite quantity of old acid, say 40,000 
kilograms. A further presupposition is that every time the composiUon of 
the old bath mu.st be dct»rmined by analysis. Of course the analysis may 
be carried out also alter a provisional correction, which is often done in 
nractice Furthermore, the acid mixture used for the correction must always 
have the same composition, for instance, .56% HtSO< and .39% HNOi. 

TIic HNOj line in the table is drawn in such a way that it indicates the 
increase of nitric acid in per cent., when acid mixture is added. As all these 
values lie approximately on the same straight line, it is easy to maw a 
graphic table because only the final point requires calculation. Likewise, 
the HtSOi diagonal. It usually gives negative values, ^ the acid matum 
used for the correction is always taken with a Ingh HNO« content, which 
causes a faUing off of the sulfuric acid in the old bath. Hence the va^es at 
the left side of the central line are negative, and those at the right side are 

Redpath himself has indicated a quite simple formula by means erf xfhich 
these varUUons in the percentage can be immediately calculated for-taiy 

H^!*% of the correction acid — H,SO<% of the Heal 
total weight of the acid bath gives the variation in the HjSOj component 
caused by one kilogram of acid mixture, - 

If the ideal add is, for instance. 62% HjSOj, 20% HNOn 18% HjO, 
then the variations of the HjSO, component caused by the addition of one 

kilogram of add mixture will be equal to equals 0.00016%. 

* • If one thousand kilograms of add mixture is added, then the H^O, con¬ 
tent decreases by 0.16%. Hence this amogmt wiU be set off the teftwt 

the l^ght of the l.fOO kilogram hnc; thus the pom/of the line will 
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thatVith ordinary manipulative skill, it is possible*in practice to 
be determined. By connecttng this point with the origin (zero point) and 
by prolonging this line we obtsnn immediately all the desired *lucs. 

The increase of the HNOj component is obtained in a quite similar 
manner as follows: * 

HNOi — content of the correction acid — HNOa — content of the ideal 
acid divided by the total weight of the acid bath gives the variation in the 
HNOj — component by the addition of 1 kilogram of acid mixture. 

9(1_on 

For example, it will be found: -VnnAn - 0.000475%.• 

4UUUU 

This means an increase of the HNOj of 0.47% per 1000 kilograms of acid 
mixture. 

In quite similar manner Table B is obtained. Only one begins to set 
oil from below upwards. For the sake of verification or practice it is advisable 
to transfer this table upon tracing paper. In this table, which of course 
must be drawn to the same, sfihlj as Tabic A, the horizontal distances from 
the central line indicate the deviations: H^SO^ at the left and modifications 
in the HNO, content at the right when only H 2 SOt is added to the old acid. 
One would find, therefore, that 1000 kilograms of sulfuric acid with a 96% 
content increases, Sccordiug to the above formula, the HjSOi component of 

the bath by X 1000 equals 0.85%—and lowers correspondingly the 

4UUUU 

n_20 • * 

HNOa ^component by • ^ ^000—(—) 0.5%. This is all that is. 

4U00U 

necessary for the establishment of Table B. Now if the two diagrams are 
superposed, it is found what changes occur in the original acid mixture when 
it is rectified simultaneously w^h fresh acid mixture and sulfuric acid. 

If one takes 1000 kilograms of acid mixture and 1000 kilograms of 
sulfuric acid for the purpose of rejuvenation, then the 1000 kilo line of dia¬ 
gram B is placed ujxm the 1000 kilo line of diagram A., when the variations 
in the percentage of the original bath are read ofl directly. 

If we consider first the two diagonals of the left side at the height of 
this 1000 kilogram line, then we read: 

1000 kilograms of acid mixture lowers the HjSOi content by 0.15%. 

1000 kilograms of H 2 SO 4 raise the HaSO^ content by 0.85%. 

If both are added simultaneously one may note an increase of the H^SC )4 
component, which is equal to the difference of these two values or to 0.7%. 
This amount can be read off directly and is equal to the distance of the two. 
dtagonals on the 1000 kilogram line. The reading is done still more con- 
venicptly if one shifts the two diagrams horizontally until the two diagonals 
intersect at the height of the 1000 kilogram line. The distance of the two 
central axes from A and B gives the lookcd-for value of 0.7%. The central 
axiSv^B is at the right side of A, hence the value is positive. 

9 . In a similar manner is taken the reading at the right side with reference 
to the HNOa components: 

1(500 kilograms of acid mixture raise the HNOa content by 0.475%. 

1000 kilograms of HtSOa lower the HNOa content by 0.0500%. 

Now if. in order to make the reading as simple as possible from the begin¬ 
ning, tne diagram is so shifted that the two diagonals of the right side inter¬ 
sect at the height of the two thousand kilograms lines, it will be seen that 
the central axis B is situated at the left side of the central axis A, namely, at 
a distance of 1.025%. This is therefore equal to the negative difference of 
the above figures. In other words, the nitric acid component has fellen odT 
by 0.025%. TheUbove examples are the exact opposite of that which is ordin- 
•• r» will nni therefore, be superfluous to illustrate by 
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make the calculations in a determination of the component of 

means of such a "reversed” example how one •must proceed in practice. 

1. Simplest case: Let us assume tliat llK*a!ialysis of a workliiK sample 
gave the following ro.sults; 

ILSOt ami 19-07* | UNOv Wc desire, therefore, u decrease of 
H^SO^ of 0-11',': Increase of HNOs of A.s in practice the 

case in which the cfirrection is to he obtained by adding only acid 
mixture is not rare, it is advi/able to observe first whether diagram A 
alone does not give the answer. In fact, in our example u glance 
at diagram A shows that the object can be obtained with 7(K) kilo- 
grams of acid mixture, 

(2) Example in which both diagrams are rcrjuirctl: 

Working acid: r>2-0(>'^ HjSO, ami 10.4(>'', HN(b. We desire a de¬ 
crease of Hv'SOi of (--) O.Oii',; increase of IINfL of ( + j 0.54%. 
Algebraic dilTerence IMiO' <. 

Kor this iiurpose one should prineed in the ^llowiug manner: The central 
line of 11 should be placed ilireiily over tlu‘ ordinate which corresponds to the 
tiesired increase in, the sulfuric acid component, that is. over t).00 at the 
left side because the ligure is negative. At any rate thc.(liai?iam B must 
remain in this iiositioti. Then the algebiiiie ililTerenee O.oO is taken with 
the compasses ami the diagram B^is shifted upwards or downwards until, 
at the height of the point tif the intersection of the two diiigonals, the distance 
between the two right diagonals beeom(^4*<Mjnai to Ihw dilTcreiiee. 

This is tlie case as soon fis tin- bit) kilogram line of diagram H coincides 
with the blot) kilogram line of diagram A 'fhe difTerenoe will have to l>c 
looked for below the p»mit of intersection of the twt) right diagonals, because 
it is negfilive in this special ease, Ibaiee the bath (401)00 kilograms) is to 
be correetcfl with IdOO kilograms of acid mixtufi- ami ItiO kilograms of 5)0%. 
sulfuric acid. 

'file use of these tables re<|nire. of course, a certain amount of prac¬ 
tice. If. however, the prim#ple has been e<»rrectly umlersbMMl. it iKTomcs 
])ossible to timl the result in less than one minute. It is advantageous to 
draw diagram B up<m a sheet of tracing celluloid, ami also diagram A on 
millimeter paper stretched over a \vood<-n support. In order to facilitate 
the vertical movement, one <lisplaces diagram B along a ruler ecpilppcd with 
a clamp which allows of fastening diagram B in any desired position. It 
may also be mentioned that, owing to the small size of the two diagrams, 
the calculation possibilities are somewhat limited. But even in such a case 
it is easy to eouverl the results intt) <litTerent pr<»portions without using • 
any mathematical formula. If care is taken that the acid mixture, which 
is used for rectifying the baths should always have the same composilwn, 
then the results would always be mathematically accurate. However, not 
all problems can Ik- solved. For eases may occur in which the goal is not 
reached by adding acid mixture ami sulfuric acid. This is particularly tile 
case when the water content »)f the working acid is inferior to the water con¬ 
tent of the ideal acid, hence in our special example Indow An attempt 

with the diagram will convince us s(Km that an acid with fi2,4% of njS 04 
and 20A% HNO .1 cannot be raised to the (iesire<i height because the water 
content of this working acid amounts to 17,5'/r, It is plain that an acid mix¬ 
ture. like the one assumed above, will decrease the water content of aif acid 
and not increase it. Only water can help in such cases, or a correction with 
thetunmixed acids themSelves. The thought suggests itself to construct 
supplementary tables for these pur])05es. such as for the system acid mixture 
pint nitri<^acid, or acid mixture plus water. Redpath has expressed an 
opiniev on this point. It is found, however, that such ta^des cannot be 
constructed on the basis of Redpath's work^g manner,^because the correc- 
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a ifitrating acid mixture is not to exceed five or six minutes, 
tion with the acid mixtur^and nitric acid is equal in its action to the sum 
of the actions exerted by thecsingle acids. He who has expedience in the use 
of this method will see that the action of the sum is quite inconvenient and 
renders the construction of such a table impossible. 

A brief synopsis of the actions is given below: 

1. Systbm; Acid Mixturb + HjS04 

Action upon Action of Action of Action of both together 

’ 1000 kilopams 1000 kilograms 

of said mixture. HjSO» 

HjSO* Decrease Increase Differential action 

HNOi Increase Decrease Differential action 

2. System: Acid Mixture + HNOs 

H 1 SO 4 Decrease Increase .Summation of the actions 

HNOa Increase Increase Summation of the actions 


3. System: Acid Mixture H2O 

HjSOi Decrease Dccrca.se Summation of the actions 

HNOj . Increase Decrease Differential action 

Although tlfis could be considered, iicrhaps, as a weak spot in thifr 
method of Redpath, still it is easy to bring remedy by using the Clement and 
Riveri maps as supplementary tables. In this manner one is sure to find 
in the shortest possible time a .solutimt for every possible case which is mathe- 
matioally accurate. . . 

A few problems for practice may not be superfluous, in connection with 
which the occurring difficulties will he cleared up. They will serve as a sup¬ 
port for the analyst who at the beginning allows himself to he too easily 
confused. This apiicndix is tlie more necessary as the reading of the results 
by means of Redpath’s diagram requires also .some practice. 

(1) Example in which both compoiiciits arc to be raised: 

Working acid 01.90% HjSO. and 19.49% HNO,. We desire an 

Increase of HjSOt of (—). 

Increase of HNOi of (—). 0..>l >0 


Difference. 0.41% 

Place the central line B upon 0.1 at the right side of the central line A be¬ 
cause 0.1 is positive, and take the difference 0.41 with the compasses for 
the measurement of the distance of the right diagonals. The left diagonals 


... I. • 1 . .. 1500 kilograms of acid mixture 

will intersect at the height of . ijiiourams of sulfuric acid. 

' (2) A similar example in which, however, the difference is jmsitive: 
The working acid 01.5.39^ of sulfuric acid and 19.79% IINOj requires 
an increase of H2SO4 of (-1-)0.47^;V, and increase of HNOa of (4-)0.21%, 
. or a difference of — 0 . 20 %;. 


The central line is situated at the right above 0.47 and 0.26 is taken 
with 'ihe compasses as a differential distance. This time it will be situated 
above the point of intersection of the right diagonals because the algebraic 
difference is now positive. The left diagonals now intersect at the height 
of 12C0 kilos of acid and 7,S0 kilos of H 2 SO 4 . In general, the triangular 
region comprized between the two right diagonals and situated above the 
point of intersection of these diagonals is the region of the positive algebraic 
differences, whereas the region below the point of intersection is the region of 
the negative differences, to which especial attention may be drawni/ 

It is to be noted that the signs of the numerical values of the addecom- 
ponents merely indicate an increase or a decrease and hence are to be set 
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The R. Ftfwler Method of Spent Acid Graph Construction. 

The principles upon which this graph is censtnicted, as perfected 
by R. Fowlef are applicable to the r(A’ivificalion of any spent 
acidj where revivifying and sulfuric acids arc used. The graph 
will therefore be found equally useful for adjusting thy strength 
of blends that do not come up to specifications. It is assumed 
that the com])ositions of the spent and revivifying acids vary 
from time to time, but that the percentage composition of the 
sulfuric acid remains, for practical purposes, constant. These 
conditions, of course, obtain in usual works practice. The actual 
graph to be coustructed for any specified composition of nitrating 
acid will be a portion only of a general graph which will be first 
considered. 

Let the percentages of ll..S(), and UNO., in the nitrating acid 
lie X and y, rospoctivoly. in Uu- siHut acid Xi amf yi, and in the 
revivifying acul Xj and y-j, a«d the percentage of HvSOj in the 

to the risht ( -1 ) or to the left f ) oT*he eeiiti:»l axes, wliereas the signs of 
the (iifTerciico iiidicute in what icKiou the <listaJiee is to be looked for, whether 
in the upper { + } or in the lower (• ) liehl. 

f.H) The iiiiportanee of this rule of si^ns is best shown by a comparison 
of two examples Assume we have iwt) working aeid.s of the following com- 
l>ositi()ns; I and Itt.a.V, IlNOsT while II consists of 01.05% 

H-SO* and 19.75', HNOa. Hence we require; 

I U 

Increase of iif.(4) 0 35% 

Increase of JIN(of .( f) -15'',' (-j ) ().25'v, 

Algebraic flifTcrenee. -{I IO' , 4'0.10';<i 

The procedure is (jthte the same for both problems; the. central line H 
is placed upon 0.35 (right) and the distance O.IU is taken with the compasses. 
By shifting B upwards or downwards Ifoth solutions are found at the same 
time, the dilTerential distances lying in case 1 in the lower or minus region, 
and in case II in the upper or jdus region. The significance of the signs ^ 
thus becomes clear. 

Solution of Problem I. JTOO kilos of acitl mixture, 700 kilos of HaB 04 . 

JI. 1IKO kilos of acid mixture, 020 kilos HjSO*. 

(4) lixample in which one eouiponent remains constant: Working acid, 

01.71'r HiSth and 20.01' ,. HNOj. Desired increase of HtSt)* 
(-f) 0.29'4) HNOa is to remain constant. The dilTerence therefc^e 
is 4-0.29%. , 

The central line is situated on 0 29 (right). The difTereuce is deter¬ 
mined as usual with the compasses. Result is 440 kilos of acid mixture 
and 420 kilos of HjSOa- « 

(5) Example which does not find any solution because the water con¬ 
tent of the working bath (02.0% HjS(> 4 ) and 20.42'/c MNOg amounts to only 
17.fe%,, hence is smaller than in the ideal bath. In this instance one must 
resort alsc^o HzS 04 and water or to diluted sulfuric acid. In such an instance 
th^ answer is most readily obtainable by the method of Clement and River6. 

f . J. S. C. I. 1919, 38, 34T; abst. C. A. 1919, 13, 1018: 
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sulfuric acid Xj. These compositions may be shoVn in graphical 
form, plotting percentages of H2SO4 on abscissae and of HNO3 
on ordinates, as on Fig. f 4 (). 

For any given case x and y are both fixed quantities, c Let 
the point (x, y) be N, and the point (xj, 0 ) lying on the x-axis, V. 
If the points V and N be joined and this line produced indefinitely, 
the portion produced is the sulfuric acid line. 

Now Xi, yi, X2, y2 vary with- 
in certain limits according to 
-|o(*.¥ 4» plant working. Let the points 
(xi, yi) and (x2, y2) for any par- 

—- ticular case be S and R, respec- 

► lively. Now the line SR will 

Kio. 139 .—Powi.BR Method of Spent cut the line VN produced, for 
Acid Calculation revivification by mean^ 

of the revivifying and sulfuric adds available is impossible (see 
below). Let P be the point of'intersection. 

(In what follows an acid having a composition represented 
by the point S will be shortly called “S acid” and similarly for 
other points.) 

It can be readily shown that by mixing S acid and R acid 
in suitable proportions, any acid of composition lying on the line 
SR may be made, and no other composition can be made, by 
mixing S acid and R acid (sec Fig. 139 ). For if X2 be greater 
than Xi, the sulfuric acid content of any mixture of the two must 
be greater than x, and less than X2, that is, it must lie between 


Xi and X2. 

Similarly the nitric acid content of any mixture of the two 
must lie between yi and yi. 

Let D be any point lying between x, and X2 and also between 
yi and y2 and let its coordinates be xo and yo. To obtain an acid 
whose sulfuric content is x# (by the ordinary rule for mixtures) ■ 
S atid is to be mixed with R acid in the ratio (x2 — xn) ; (xo — Xi). 
Similarly, to obtain an acid having a nitric acid content of yo, S 
acid must be mixed with R acid in the ratio (yi — yo); (yo — yi).' 
In order that both nitric and sulfuric acid contents may be satis¬ 
fied (X2 — Xo)/(xo — xi) must be equal to (yt — yo)/(yo —*^i)- 
Let the ordinate Xo cut RS at C and the ordinate yo efit it at H. 
Then (X2-^Xo)^(xo — Xi)^ = CR/CS, since the ordinatfe are 
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parallel, and — yo)/(yo — 
(xj — Xo); (xo — Xi) to lx> equal 
to (y.. — y«) (V’u — Vi), HR/HS 
must-be equal to CR, C.S, that 
is, C must coincide with H, and 
I) must lie on SR. Therefore 
if R acid and S acid be mixed, 
the composition of the resultiuR 
blend lies on SR. Since R lies 
on SR, the acid represented by 
it may be made by mixing S 
acid and R acid in the propor 
tion of the lengths 
PS (see Fig. MO). 


y,) = HR/HS similarly, ^or 



since N lies on P\' 


of PR to pic, HI), -HowuIr Mhtmod or SeSNT 
.Similarly Pai.cui.atu.n 

the acid representeil by it fnitrating acid) 


may be made by mixing P acxd and V acid in the proportions of 
the lengths of NV and NP. *• 

Now since both N and V are fixed points the length of NV is 

constant and equal to 'y- + (x;, x) ' and the tan. of the angle 
that NV makes with the x axis is y (ifci x). 

Consider the case of a unit weight of P acid and suppose PN 
equal to VN -r- m, then in order to obtain N acid, V acid and P 

acid must be mixed in the proportion PN to Vn, i. c., of V 


acid to every unit of P acid, giving units of N acid. 

m 

'riicrcfore if the line VN produced be graduated towards P with ^ 

divisions each equal to ’ v'yi + (x., - • x)% where z is any qpn- 

venient integer, each graduation will represent | units of V acid 

to a unit of P acid. • 

Similarly if ON be joined and prixluced it becomes the water 
• line. It may be divided in the same manner as the sulfuric^acid 

lipf into divisions each equal to + y^. The tan. of its angle 


is This may be found useful in extreme cases,for blends in 
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wMch the content of sulfuric and nitric acids is high, for in such 
cases the line joining £ (the point representing the composition 
of the blend) to S may dot cut the sulfuric acid lin6 and the point 
P will then fall on the water line. This, however, shoul4 only 
happen in exceptional cases, as it is obviously bad practice to add 
water, if it can possibly be avoided, since it involves the intro¬ 
duction into the system of water which must be removed at a 
later stage. 

Now for any particular composition of nitrating acid it is 
plainly not necessary to construct the whole of the graph as shown 
on the diagram. Only that portion need be drawn as shall con¬ 
tain the points N, S and R (both S and R varying according to 
plant working), and this portion should be enlarged to a suitable 
size. The- limits within which the composition of spent and 
revivifying acids vary in plant practice can readily be determined 
and the graph constructed accordingly. The highest nitric content 
in revivifying acid and the lowdst in spent acid will fix the nitric acid 
limits, and similarly for the sulfuric acid content. The limits being 
fixed, the point N is found and from it in the direction of P a line 
■ is drawn making an angle having a tan. of y/(x 3 — x) with the 
x-axis and produced right across the graph. This line is divided 
into equal divisions from N towards P, each division being equal 
to ■'^y’ -t- (xa — x)V1000 units (or some convenient multiple of 
it). Then each division will represent 0.001 long ton of sulfuric 
acid per ton of (revivifying -f spent) acid. The graph is then 
complete. 

The water line may be inserted if thought desirable. From 
‘ N a line is drawn in the proper direction, as in the figure, 
making an angle with the x-axis having a tan. of y/x, and is divided 
into equal divisions each equal to ''^x* -j- yVlOOO units (or some 
fonvenient multiple). Each division will represent 0.001 long ton, 
of water per ton of (revivifying + spent) acid. 

The method of using the graph is simple. The compositions 
of t^e spent and revivifying acids to be used are plotted by means o 
of two pins; a graduated ruler is placed close to these and the 
distances SP and RP are noted. Then tons of spent acH x 
SP/RP gives tons of revivifying acid required. And (tons spent 
-P tons revivifying acid) X reading on the sulfuric acid (or water) 
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line gives tons* of sulfuric acid (or water) which are requiAd. 

When usipg the graph for adjusting^ the strength of blends 
that do not come up to specifications, the point B is plotted repre- 
sentiitg the composition of the blend, (a) If B falls on either the 
sulfiu'ic acid or the water line the addition required is imme¬ 
diately read off, for tons of blend X reading gives tons of sul¬ 
furic acid or water required. ( 6 ) If B falls above the sulfuric 
acid (or water) line the blend may be mixed with spent acid in 
the same manner in which revivifications are made, (c) If B 
falls below the .sulfuric acid (or water) line, revivifying acid may 
be used in the same manner in which revivifications are made. 

Example. It is required to construct a graph for the revivi¬ 
fication of .spent acid varying in composition between 19% and 
2i% HNOj and (SO'^x, and (>2% H-SOi. The revivifying acid pro¬ 
duced on the plant varies between 2S'/(> and 32',’;: HNO» and 
and 03% II 3 SO 4 . The nitrating agjd is to be 02.15'!(: H 2 SO 4 and 
23% HNO 3 and the sulfuric acid available contains 93% HjSOi. 
The limits of the ^aph arc in this case 19')() to l\2% HNOj and 
59')(, to 63','() H 2 SO 4 , and therefore a scale of 1 inch to 1% will 
be convenient. The tan. of the angle tllht the sulfuric acid line 

. , . • y 23 23 

makes with the x axis-=-=-. Ihe sul- 

xit— X 'J3 — 62.15 30.85 

furic acid line can then be drawn. If considered necessary the 
water line can be inserted as w'dl. The tan. of its angle is 

^ = .. ?? -. The divisions must now lie marked off on the sul- 
X 62.15 _ 

furic acid line. Each is to be 'ly‘‘ -f (xj — x)’ -t- 1000 indies, 
i. e., approximately '/st in. Consequently if divisions of '/la itipb 
be marked off they can be numbered 0.002 , 0.004, 0.006, etc. 
The divisions on the water line are to be ''^x® -h y® -5- 1000, or 
•nearly l/u inch. * 

An example of a revivification by the above graph is gi-^en. 
Spent acid 60.9% H2SO4, 20'^ HNO3; revivifying acid 61.4% 
*H 2 S 04 , 28.9% HNO3. The distance PS is 96 mm. and RS is 
130 mm. The sulfuric acid reading is 0.034. Therefore 100 tons 
of ^ent acid will require 100 X 96 -f- 130 = ’?3.85 tons of re- 
invifying acid, and the amount of sulfuric acid reqiyred will be 
173.^ X 0.034 = 5.91 tons. A reduped sketch of the above 
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gra^h is given in Fig. 141, with an illustrative examp^ shown. 

In practice the gi'aph is mounted on a sheet of composition 
board strengthened with au edging of batten and covered, with 
tracing cloth to preserve it. When the pin-holes becqnlt too 
numerous the tracing cloth is renewed. 

The graph is approximately 14 by 8 inches and any con¬ 
stituent can be readily calcu¬ 
lated to within 0.02% in the 
nitrating acid. 

The Craven Method of Acid 
Calculation. In establishments 
where sulfuric acid _is largely 
used and where mixtures of 
oleum and concentrated oil ^ 
vitriol are frequently made, E. • 
Craven'has suggested a simple ■ 
device for graphically determin¬ 
ing the proportion of the two 
acids to use to obtain an acid 
of given concentration. His de-' 
vice consists of a wooden panel 
sliding between two scales, one 
for oleum in 1% SOa and the 
other for C. O. V. in %. H2SO4, 
whereby it is possible to directly 
read off the desired quantities. 

Analysis of Mixed, and 
Spent Acids. The following re¬ 
liable methods for determining 
the nitrous, nitric and sulfuric 
acids in mixed and spent acids 
have been selected for their sim¬ 
plicity and rapidity of execution as being especially applicable 
to factory practice. 

' (1) The total acidity is determined by a 2 cc. sample, the* 
weight of which has previously been ascertained by weighing the 
contents of a 100 cc. picnometer of the acid to be examined. 

1. Chei?. News, 1918, 117, 217; abst. C. A. 1919, U, See iJ. 
Laptt and A. Swanson, Cheip. Met. Eng. 1918, IS, 816; abst. C. :Jf. 1919, (i 
11,263. < " 
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' Fio. 141.— Fowler Method oe 
' Spent Acid Calculation 



The samite is opened under water, rinsed out, and nude to 'a 
definite volume (say 100 cc.)- An aliquot pwtion is titrated with 
semi-normal so£um hydroxide, properly sAndardized. 

The sulfuric add is obtained from a portion of the above by 
gravimetric piedpitation with barium chloride as described unda* 
"Estimation of Sulfuric Acid.” 

Mitrous add is estimated by diluting a portion of a known 
wdght of the sample, neutralizing with sodium hydroxide or car¬ 
bonate, then treating with potassium ferrocyanide and dtric add. 
The total addity foimd, less the sum of the nitrous and sulfuric 
ad^ found, represents the amount of nitric add present. 

(2) The specific gravity is determined by means of a hydrom¬ 
eter or (preferably) a picnometer, and the oxides of nitrogen by 
thf permanganate method as described elsewhere. The total 
addity is then determined by titration as indicated in (1) above, 
this addity'being calculated iitto nitric add. Next, determine 
the nitric acid by the nitrometer, subtract this percentage frgm 
the total addity, the difference being sulfuric add.‘ 

(3) Method of F. Mihr.* Mixed adds, both fresh and spent, 
may be determined by this method to an accuracy of 0.1% with¬ 
out the use of the nitrometer. The total adds are first determined 
by titration with standard alkali, the nitric add is then driven 
off by'hea^, after which a second titration gives the amount of 
sulfuric a,dd present. Subtraction of the sulfuric add found from 
the total addity gives the percentage of nitric add in the sample 
under examination. If nitrosylsulfuric acid is present it must 
be decomposed by the addition of water before evapora.tion on 
the water-bath commences. Several evaporations may be neces¬ 
sary, small amounts of water being added each time, and the 
evaporative process continued until the water vapor has lost the 
cmell of nitric add, and does not redden moist blue litmus paper. 
Tidd in the escaping vapor. The presence of organic matter® 


1. The calculation of results would be as follows: Total acidity, s9y, 

79.4 X 49 

96 .^; nitrogen by nitrometer, 16.8%; difference, 79.4%. Then—— •• 

61 76% H1SO4, 49 being one-half the md. wt. d H1SO4 and 63 the Vt. 
of HNOi. Cf. A. Van GeWer, J. S. C. I. 1900, tt. 608, 646; 1901, M, 389: 
abst. C C. S. 1900, 71. il. 621; Chenj. Centr. 1900; d, 11, 444, 643; 1901, 
C2. I. 1341; Chem. Tech. Hep. 1900, M, 795; Chein.-Ztg. Rep. 1900, 34, 
^;dahr. Cfen. 1900, SS, 241; >001, M, 266. 

2 eChem. Ztg. 1907/**,• 324, 340; abst C. A. 1907,1, 1468; Zte. ang. 
Chem. 1907,1951. ' . 
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((dssolved cotton and the lower nitroceUuloses),'’nltA>gen osidii,* 
ferrous sulfate, lead dldfate and nitrocellulose scafcdy effect the 
accuracy of the results. 

Lunge and Berl‘ state that this value gives results for nitric 
add that are too high on account of loss of sulfuric during evap¬ 
oration’, but such possible losses are negligible if the evaporation 
is conducted quietly, and loss of arid from spurting guarded 
against. Attention is called to the fact that this method for nitric 
add is preferable to the nitrometer method for waste add contain¬ 
ing small amounts of nitrocellulose in solution and suspension 
that readily yield up their nitrogen in the nitrometer. Where 
the evaporation is conducted at low temperatures and water added 
once or twice during evaporation, very concordant results are 
obtained con^arable in accuracy with the nitrometer, espedally 
for unused mixed adds. 

(4) Method of Lunge and^ert. (a) The total aridity is de¬ 
termined by weighing off two to three grams in a bulb pipette, the 
contents allowed to cautiously flow into a large volume of cold 
water, and the bulb thoroughly rinsed out. The total add is 
then estimated by titration with Nfl NaOH. If litmus or asolit- 
min is used as an indicator, prolonged boiling is necessary; methyl 
orange may be employed notwithstanding the nitrous add pres¬ 
ent if the titration is carried out in the cold and the indicator 
either renewed during titration, or else added just before neutral¬ 
ization. Or, the standard sodiiun hydroxide may be added in 
excess, then the indicator and the excess of alkali titrated back to 
neutrality and allowed for. 

(b) The lower nitrogen oxides are determined by allowing 
the acid to flow into a known amount of standard potassium per- 

1. Zt9. ang. Chem. 1005, U, 1681; 1908, 340; abst. Wag. Jahr. 1008, 
!U, I, 454. In the electrical conductivity method of analyris of mixtures of 
lUitric and sulfuric acids as worked out by H. Corvazier (Mon. Sd. 1012, 7C, . 
322; abst. J, S. C. 1.1012, SL 487) the mixed add is first titrated with baryta 
sdution in order to determine the amount of the two adds tc^ther, and 
then the dectricai conductivity of the solution is measured at intervals while 
a standardized solution of sodium carbonate is being added. The condoc- 
tividy falls slowly at first and then, after the barium nitrate is completdy^^ 
convert^ into carbonate, increases rapidly. The results are plotted and 
.from thi slope of the two branchm of the curve the exact point at whh^ the 
whde d the barium is predpitated is obtained by interpdation. The num¬ 
ber of cc. of sodium carbonate corresponding to this poittt is aauivaient to 
the nitric add, and the sulfuric add is then ddculated by diSerdioe. 
The results are claimed to agree well with those obtained by the evapocation 
method. o . 
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maqganate solution. A standardized semi-normal potassium 
manganate solution is employed, the sam^tle under examination 
being always added to the permanganate and never conversely. 
The titration is carried out by allowing the sample to flow from 
a glass-stoppered burette into a known volume of the standard 
permanganate solution previoilsly diluted with five volumes of 
water at 30‘’-40®, until the color just fades. The amount of per¬ 
manganate required varies with the nitrous content of the sample 
imder examination, one cc. permanganate corresponding to 0.0095 
NjOj. The nitrogen may be calculated as HNOj, NjOj or NO|. 
The lower nitrogen oxides present in the strong nitric acid con¬ 
sist mainly of NOj, which, upon mixing with concentrated sul¬ 
furic acid this is converted into equimolecular proportions of 
HNOa and SOj(OH)(ONO). In the case of calculation to NOii 
each cc. of N12 KMnOi is equivalent to 0.023 gm. NOj. If, 
therefore, * represents the nufhber of cc. of permanganate solu¬ 
tion taken, y the cc. acid required* !or decoloration, and s thessp. 
gr. of this acid, then the NOj content in gm. per liter is equal to 

23.00 * . „ . .1.. 2.30 * 

-or m percentage by weight,-. 

y J’s * 

■ (c) The total nitrogen acids are determined by the nitrom¬ 
eter, the value found, qjpnus that found in determination (b) 
representing the nitric acid content, while (a) — (c) gives that 
of the sulfuric acid. 

(d) Estimation of the sulfuric acid is made by weighing off 
2-3 gm. of the sample in a bulb pipette, transferring to a porcelain 
evaporating dish and heating on the water-bath as previously 
described, water being added during the evaporative process to 
destroy the nitrosylsulfuric acid. Heating is continued until ift) 
nitrous fumes can be detected upon rotating the dish. The con¬ 
tents are then washed into a beaker and titrated with semi-norma^ 

’ NaOIiwith methyl orange or azolitmin as indicator. - - 

(5) Metiuxi of G. Finch. The total acidity is determined'by 
titration; the nitrous acid by permanganate. About 10 gm. of 

• ‘the acid mixture is diluted to one liter, 50 cc. titrated with NJw 

• barijpi hydroxide, using one drop of phenolphthalein incficator, 
boilS^^and filtered. The filtrate, containing barium nitrate and 
nitfiU^ia utrated, boiling with perfectly neutral, CQrfree potas 

• Slum chromate solution. The barium/chromat^ rapidly aettlei 
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and the yellow color of the excess potassithn chromate serves as 
the end-point. The \>pium hydroxide used ei^als the total 
acidity and the barium chromate the nitrous and nitric adds. 
Nitrous is found by titration with potassium permangahute of 
twentieth normal. From these values the nitric and sulfuric 
adds are readily calculated.' 

(6) Method of G. Cojfeti and G. Madema.* The total addity 
is determined by diluting 2-3 gm. of the add with N/2 NaOH 
solution and methyl orange, after diluting the add to about 100 
cc. Sulfuric add is determined gravimetrically with barium. 
Nitrous add is estimated by diluting a portion of the add mixture, 
neutralizing vrith sodium carbonate and treating with potassium 
ferrocyanide and dtric add. The difference between the quan¬ 
tity of sulfuric and nitrous adds and the total addity rqjreseq^s 
the nitric add.* 

T. Chandelon* has calle^ attention to a possible source of 
error in the analysis of waste adds from the nitrocellulose manu- 

1. Zts. Schiess. Spreng. 1912, 7, 113, 337; abst. J. S. C. I. 1912, 31, 
368, 1028; C. A. 1912, ^ 2376. Zts. Schiess. Spreng. 1912, 7, 388; abst. C. 
A. 1913, 7,'388. See W. Fischer and N. Steinbach, Zts. anorg. Chem. 1912, 
73, 13^ abst. J. C. S. 1912; 132, ii, 1093. H. Corvazier, Zts. anorg Chem. 
1912, 73, 133; J. C. S. 1912, ii, 1092; Mon. Sd. 1912, (6), 2, 1, 322. 

2. Gaz. chim. ital. 1907, 37, 1, 696; II, 13; abst. J. S. C. 1. 1907, 23, 
1008.. C. A. 1009, 3, 72. For the estunation,pf nitric, sulfuric and picric 
adds in the presence of each other, see P. Ricimrdson, J. S. C. 1.1917, 38,13. 

3. These authors make use of the vigorous evolution of nitric oxide 

on adding acetic add to a mixture of potassium ferrocyanide and alkaline 
nitrite, as a basis for a method for the determination of nitrous add. The 
me^od is carried out with the aid of a Du Pont nitrometer, and in order to 
obviate the necessity of making a correction for the vapor pressure of acetic 
add, dtric add is used instead. They employ cold saturated solutions of - 
dtric add and potassium ferrocyanide, and find that the requidte correction 
amoimts to 1 mm. of merctuy for a column of liquid about 12 mm. high. 
This method for the determination of nitrous add in the presence of niblc 
add is dairned to possess the foUowi^ advantages over the older methods, 
in that the volume of gas can be easily read as there is a sharp separation 
of the mercury from the solution; less mercury is used than in the Lunt^ 
^method; the method can be applied to concentrated solutions while no strong 
adds are required. In the method of add analysis as devized by F. Tdle 
(J. d’harm. Chim. 1906, (6), 573; abst. Chem. Centr. 1908, 77, II, 277)„ 

10 ce. of the add is heat^ on an oil bath at 130° until, red fumes cease to 
devehq). The nitrites present are decomposed by the gradiuU addithm of 
a saturated solution ol ammonium chloride. The sample is tlwa ^utd W 
one liter, and 25 cc. of this solution used for the determination of soUntic 
add. Compare M. Scholtz, Arch, der Phatm. 1906, 243, 667; ahst Chem. , 
Centr. 1906, V, I, 498. F. TeUe, J. Pharm. Chim. 1«B8, (6), 7, leSj’ibst 
Chem. Centr. 1&8,33,1,793. * . 

4. Bult^Soc. ChW. Belg. 1914, 23, 58; abst. J. S. C. I. 1914, 3^ 334; 

C. A. 1914, 3, 2252. For the use of diagruns in ^emical calculatkms see r 
H. Deming, J. Indi CheA,. igig, 3 , ggg; abst. C. A. 1916,3% 1088, 
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lacture. In those methods in which the nitrous and mtnc acids 

are detenniived together, the nitrous ^cid then found by per¬ 
manganate titration, and the nitric acid by difference, oxalic add 
whi?h may be present in small quantities as an oxidation product 
of cellulose would cause high values for nitrous acid and low val¬ 
ues to be obtained for nitric add. Oxalic acid would accumulate 
in repeatedly used baths, and might render a correction necessary. 
The oxalic add may be estimated by neutralizing the acid with 
ammonia, boiling until nitrous acid is destroyed, and then titrating 
in the cold with permanganate. 

The following method for the analysis of mixed and waste 
acid has been in use for many years by one of tlie large explosives 
companies in the United States, and has been proven trustworthy 
•for waste acids varying greatly in composition and amounts of 
impurities contained therein., 

(a) Sampling. A sample ot^ibout 125 cc. is taken from the 
tank after its contents has been thoroughly agitated by means of . 
compressed air to insure that the sample withdrawn is representa¬ 
tive. A long glass tube of about 2 meters in length and 2.5 
cm. bore, drawn to a tip at the bottom tod connected to a rubber 
tube at the top is used for sampling, the tube being lowered into 
the add tank until the* add rises in it to the top. The rubber 
tube is then pinched at the top, the tube quickly withdrawn, and 
the acid in the tube transferred to a dry, well-ground glass- 
stoppered bottle, the tube and bottle being rinsed several times 
with the add to be examined before the sample for analysis is taken. 

(b) Total Acidity. The sample is weighed in a small stop¬ 
pered weighing bottle, of about 10 cc. capacity, 1 cm. in diameter 
at the mouth. The bottle being previously weighed from a d&ic- 
cator, the sample is weighed from a pipette, about 1.2 gm. for 
spent add and about 1 gm. for fortifying acid. The sample’is 
transferred as quickly as possible and bottle quickly stoppered. 

A second weighing gives, by difference, the sample taken. 

About 150-175 cc. N/\0 NaOH are drawn from a burette 
Into a 400 cc. beaker, 10 drops of 1% alcoholic phenolphtfialein 
added.' The mouth of the bottle is opened beneath the surface 
.of the liquid in the beaker, the stopper being withdrawn by means 
4. Attendon it called to the fact that the quantity oLphenolphthalein 
Mitutioa used effects the titration to a certun extent and that this amount 
should j)e constant in standardising thrscdution add in titrating an acid. 
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of a* specially constructed glass rod; The titration is then con¬ 
tinued until nearly all*the acid has been neutralized, then the 
bottle rinsed out with the solution, the gas and air in the bottle 
being allowed to slowly escape through the alkaline liquid by 
turning the bottle with the hook. The burette is allowed to 
stand about 15 minutes, or until the reading is constant after the 
end-point has been reached. A 225 cc. blue-black bulb burette 
graduated in 0.1 cc. is used.* The total acidity is calculated as 
sulfuric acid.^ 

(c) Total Nitrogen. About 1.9 gm. spent or 1.2 gm. fortifying 
acid is weighed in the same kind of container and manner as in (b), 
quickly poured into a Du Pont nitrometer, in the bulb of which has 
previously been placed 8-10 cc. of 93% HjSOj, the bottle quickly 
righted in such, a manner as to prevent acid from running down, 
the side, the bottle quickly stoppered and placed in a desiccator. 
The acid in the nitrometer cup^ is Ihen quickly washed in with 

, more* sulfuric acid, making a total of about 20 cc. H 2 SO 4 , and 
the sample bottle re-weighed as soon as possible. The sampling, 
transference to nitrometer and final weighing requires some speed 
and manipulative dexterity, or the results obtained are valueless. 
The nitrometer is then shaken in the usual manner, and the result 
read off divided by the weight of the san^ple taken gives the per¬ 
centage of total nitrogen. This is converted into percentage of 
total nitric acid by the factor log. 65303. 

(d) Nitrogen Oxides. A sample of about 1 gm. for spent 
or 1.5-2.1 gm. for fortifying acid is weighed as in (b). About 
200 cc. distilled water in a beaker is heated to 50‘’-55°, acidulated 
with sulfiuic acid and colored by a small drop of AT/IO KMn 04 
soltition. The sample is then added as in (b), care being taken 
that the air from the weighing bottle bubbles very slowly through 
ei^cess of permanganate to prevent loss of oxides. The bulk of 

Reading corrections should be made for burette calibration at 28° 
and for temperature; for each degree above or below 28° subtract or add, 
respectively, 0.01 cc. for each 35 cc. JV/10 NaOH solution used. 

^ The temperature of the NaOH solution is taken by means of two 
thermometers, one suspended in the carboy of iV/10 NaOH solution, the 
other hanging beside the burette. The average of the reading of the two 
thermometers is taken as the temperature of the solution, except wMre 
considerable difference in the temperature of the two solutions has been 
noted, and the liquid has been in the burette' long enough to a&ume tise 
room temperatufe. In this case the reading of the thermometer at th0 side 
of the burette is tak^.‘ 



MIXED ACIDS 


1511 


the permanganate is added at once and then gradual additions 
made as the folor fades. A point will lyVeached where the color 
fades rapidly, having just before this time persisted for several 
minhtes with the addition of one or two drops of solution. Be¬ 
yond this point, about one-tenth of the total KMnOi is required 
to complete the reaction. Tlie final reading is taken after the 
pink color refuses to fade for 10-12 minutes.' Calculate from 
the volume of KMn 04 used and convert this to equivalent in 
HNOj and HjSOj, based upon the reaction: 

lONOj -I- 2KMn04 + 3 HjvSO( = 

SNsOs -t- K2S04 + 2Mn.S04 -f llHjO 

Subtract the NO2 as HNO3 from the total HNO3 in (c); difference 
^equals real HNO3. - 

Convert the latter to 112804 (add log. 80100) and add the 
NO2 calculated as II2SO4. lliis gives HNO3 plus NO3 calculated 
as H2SO4. Deduct this from tlie* total acidity in (b); diff(yence 
is real sulfuric acid. 

(e) Sulfuric Acid. This determination is made on 1.8-2 gm. 
fortifying acid to check the H 2 VSO 4 by difference. The evapora¬ 
tion takes place in a 2'/2 inch porcelain crucible lid, nearly flat 
inside, the sample weigjied and transferred to the lid exactly as 
in the nitrogen determination (c). Evaporate on a steam bath 
with a good pressure of steam for one hour, then add one cc. 
water, drop by drop, carefully avoiding any spurting, the lid 
meanwhile being tilted from side to side so as to cause a flow of 
the liquid uniformly over the entire surface. Continue evapora¬ 
tion for 30 minutes longer. The crucible and lid is then transferred • 
to a 400 cc. beaker, containing N/li) NaOH, and the solution 
titrated to neutrality by the further addition of caustic solution 
against phenolphthalein as indicator. • 

•Correction, etc., is made as in (b). Calculate the volume of 
NaOH used as percentage, H2SO4. This value is slightly Tower 
than the sulfuric acid found by difference, but should check 
within 0.15%, and is generally closer. ^ * 

• Analysis of Mixed Nitrating Acids (English Practice). The 

fjillowing described methods of analysis as carried out at H. M. 

*1. Corrections for burette and temperature a^e unnlcessary here, as 
considerable error is required to materially effect the re|ults. 
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Expfcsives Plant, Gretna, are employed for all miked adck with 
the exception of nitro^ycerol spent add. 

The nitrometer metlfod for the determination df total nitro¬ 
gen acids as herem described is considered the most rapid aiyl at 
the same time the most accurate method available for the analysis 
of a mixed add, but it should be borne in mind that both speed 
and accuracy are dependent on strict attention to detail. 

Strictly normal solutions are used for the titrations so that 
no corrections are necessary and reference may be made to titra¬ 
tion tables. Five figure logarithms are used for the calculations. 
Three standard solutions are employed: (1) normal sulfuric add; 
(2) normal sodium hydroxide; (3) semi-normal potassium per¬ 
manganate. The solutions are contained in stock bottles on a 
shelf at a sufficient height to enable the burettes to be filled by 
gravity. All glass stopcocks are carefully lubricated with vasdine. 

Preparation of Samples. The sample as received is thoroughly 
mixed hy shaking and a portion' transferred to a small glass stop¬ 
pered specimen jar for purposes of analysis. 

Specific Gravity. A further portion of the thoroughly mixed 
sample is poured into a,hydrometer cylinder and the spedfic 
gravity observed by means of a carefully calibrated hydrometer. 
The hydrometer correction, obtained by reference to the calibra¬ 
tion certificate for the hydrometer in use, is applied and the 
specific gravity finally corrected to 15.5°. 

Total Acidity. The total addity is estimated by titration 
with normal sodium hydroxide solution and expressed as sulfuric 
add. A quantity of add suffident to require from 30-40 cc. of 
'Al/NaOH for its neutralization, is weighed in an oleum bulb which 
is then dropped into a titration flask containing 150 cc. of dis¬ 
tilled water, and broken by means of a glass rod, care being taken 
to'break up the capillaries of the bulb so that all the add passes 
rabidly into solution. ^ . 

Normd NaOH is run in from a burette at a rate not greater 
than 30 cc. per minute, but as the indicator used (methyl orange) 
is readily destroyed by nitrous add, it is not added until titration 
is almost complete. During titration the burette jet is rested on 
the inside of the flask and the alkali allowed to run down tlSfe 
sides; after the addition of the indicator the sides of the flask are 
washed down with a fine jet of water from a wash bottle and*the 
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titration compltted as rapidly as possible, adding the soda a drop 
at a time. • 

It is imjlortant that only sufficieirt indicator be added to 
give^ decided color, as an excess impairs the‘delicacy of the end¬ 
point. It is best practice to add two drops of a solution con¬ 
taining 0.05 gram of methyl orange per 100 cc. The end-point 
is readily observed by comparing the tint of the solution with 
that of a standard made, by passing CO into 200 cc. of distilled 
water containing two drops of 0.05% methyl orange solution. 
The end-point being reached, the burette is allowed to drain for 
two minutes and an observation of the reading taken. 

A binette correction obtained by reference to the calibration 
certificate for the burette in use is applied to the reading, and 
jlso a temperature correction to allow for the tnor due to varia¬ 
tion of the temperature of the normal soda in the burette from 
standard value. • 

All standard solutions are prepared at 20°, and the burfttes 
are calibrated to deliver Mohr. cc. at the same temperature. 
For each 50 cc. titration, therefore, 0.015 cc. are subtracted from 
the burette reading for each degree Centigrade above 20°, or in 
general work for normal titrations of from 30-40 cubic centi¬ 
meters, 0.05 cc. are subtracted from the reading for every 5° 
above and 0.05 cc. adde*d to the reading for every 5° below the 
standardization temperature (20°). 

The approximate weights of the various mixed acids used 
for the titration so as to give a burette reading of from 30 to 40 
cubic centimeters are as follows; 


Mixed Acid 

Weight Taken • 

N/G Acid Blend 
• N/C Acid Blend 

R, V. A. Acid Blend 

N/C Spent Add 

2.2-2.6 grams ’ 

2.5-2.9 grams • 

1.8- 2.6 grams , 

2.8- 3.0 grams 


• -— " • 


Total Nitrogen Acids. The total nitrogen adds are estimated 
by'means of the nitrometer (see p. 964-976). A quantity of acid, 
varying Vith the nature of the mixed add being analyzed, is 
weigfied by difference into the cup of the nitrometer to which 2 cc. 





1514 


TBCHNOI^OGY OV CBtLUWSB ^STBRS 


H,S&4 has Dreviously been added. A Lunge-Rey*pipette is used 
for this purpose and it il jiven a preliminary washing out. with the 
acid before proceeding with the weighing. 

The sample is then run into the nitrometer and the* cup 
thoroughly washed by five successive washings of two cc. of sul¬ 
furic acid each, followed by a sixth washing of 5 cc. The acid used 
for this purpose is pure concentrated nitrogen-free sulfuric acid 
which has been diluted to a strength of 94.5% acid. In washing 
out the cup special care is taken to prevent any loss of nitric oxide 
and to completely wash down the sides of the cup and drain the 
entire washings into the nitrometer. The approximate weights 
of the various mixed acids needed to give the desired volume of 
gas in the nitrometer are as follows: 


Mixed Add 

« 

Weight Taken 

N/G Add Blend 


0.6.5-0.75 grams 

N/C Add Blend 


1.2.5-1.35 grams 

R. V. A. Add Blend 


1.6 -1.6 grams 

N/C Spent Acid 


1.5-1.6 grams 


'fhe decomposition is effected by shaking the nitrometer 
while held in an almost horizontal positiOh; care being taken that 
the evolved gas is kept under slight suction and that no gas nor 
acid reaches the rubber tubing of the nitrometer. The tube is 
shaken for one or two minutes until no more gas is evolved. The 
two tubes are then placed so that the mercury in the decompo- 
^ sition tube is as much higher than that in the pressure tube as is 
necessary to compensate for the layer of acid in the latter; 1 mm. 
of mercury is allowed for every 7 mm. of acid. The nitrometer 
is allowed to stand for ten minutes in order that the temperature 
lUjiy become equalized and the pressure then exactly adjusted by 
pouring in a little acid into the cup and cautiously opening the 
tap. By noting whether the gas is under pressure or suction and 
by altering the level of the pressure tube accordingly, the pressure 
of the gag can be exactly compensated with the atmospheric pres¬ 
sure so that when the nitrometer tap is opened the drop of add 
in the bore of the tap remains stationary. # , 

The volume of the gas, the barometric pressure and the tem¬ 
perature are then observed ;tthe latter by means of a standardized 
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thermometer suspended in close proximity to the decomposftion 
bulb of the ^nitrometer. The baromeylc reading is corrected 
accordingly. 

•It will be observed that the contents of the decomposition 
bulb after the completion of a determination frequently form a 
tenacious emulsion which adheres to the sides of the bulb and 
tube, and makes reading difficult. 

This could partly be overcome by washing the bulb and tube 
down with acid after the decomposition has been effecterl but 
the practice is avoided because the acid added after the decom¬ 
position will take up an uncertain amount of nitric oxide gas, 
and is not likely to become saturated. This would interfere 
with the accuracy of the solubility correction which is finally 
fipplied. , ■" 

The observed volume of the gas is reduced to normal tem¬ 
perature and pressure and the result calculated as percentage of 
nitric acid (HNO3). One cubic centimeter of NO gas at normal , 
temperature and pressure corresponds to 2.8144 mgm. UNO*, so 
that the total nitrogen acids expressed as nitric acid is given by 
the formula • 

V X ().()02S144 X 100 

where n represents the%)bservcd volume of the gas and w the 
weight of mixed acid taken. 

A "solubility” correction is applied to allow for the solu¬ 
bility of nitric oxide gas in sulfuric acid. This correction, which 
is an empirical one, amounts to 1% of the percentage of total 
nitrogen acids expressed as nitric acids. • 

If, for example, after all the other corrrections have been 
applied, the nitrometer indicates the presence in a mixed acid 
of 23.00% of total nitrogen acids, the solubility correction will 
amoqnt to one per cent, of this value, i. c., 0.23, and the figute 
returned will be 23.2% of total nitrogen acids. • 

Nitrous Acid. The nitrous acid content is determined by 
titration against potassium permanganate solution. Ten ic. of 
sejfii-normal potassium permanganate are pipetted into a 500 cc. 
Erlenmej'er flask containing 200 cc. of distilled water. The acid 
td b^ analyzed is then run in slowly from a burette until the color 
almost vanishes. The end-point aii^d at iS a faint pink tint 
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which should remain practically unchanged for about two minutes. 

The amount of nitspus acid present is then calculated from 
the number of cc. of acid used in the titration. 

Nitric Acid. The percentage of nitric acid is obtain^ by 
subtracting the nitrous add (expressed as HNO3) from the total 
nitrogen acids (also expressed as HNO3). To this end the per¬ 
centage of nitrous acid is multiplied by 1.34, which represents the 
ratio between the equivalent weights of nitric and nitrous add 

= 1-34) and the value obtained subtracted from 
\HN08 47.018 / 

the percentage of total nitrogen acids calculated as nitric acid in 
the maimer already indicated. 

Sidjuric Acid. The percentage of sulfuric acid present in 
the sample is cfctained by subtracting the value for total nitrogen 
acids expressed as sulfuric add frqpi the total acidity expressed 
in similar terms. For this purj^se the percentage of total nitrogen 
• adds expressed as nitric add (HNO3) is multiplied by the frac¬ 
tion ’’/t, which represents the ratio between equivalent amounts 
of sulfiuic and nitric acids. 

( value obtained subtracted from 

\ jlNOg uo«Ulo / 

the total acidity calculated as sulfuric acid in the manner 
already indicated. 

Water. The percentage of water present in the sample is 
obtained by difference, i. e., by subtracting the sum of the sul¬ 
furic add, nitric add, and nitrous acid percentages from 100. 

^ Summary of Analysis. Sulfuric acid equals total addity (as 
HsSOO — total nitric add (as H 2 S 04 ). Total nitrogen adds (as 
H1V03) obtained directly by analysis. Nitric acid equals total 
nitric add (as HNOs) — HNOj as HNO3). Nitrous add is 
o|)tained directly by analysis. Water is obtained by difference. 

J’otai Nitrogen Acids. The total nitrogen adds are deter¬ 
mined by means of the nitrometer in the manner already de- 
scril^ for other mixed adds and the results expressed as nitric 
add (HNO3). The approximate quantity needed to give the 
desired volume of gas in the nitrometer is from 3.0 to 3.5 graais, 
and this is weighed in a Lunge-Rey pipette which has pceviou^y 
been washed out with a portion of the sample. • 

The percentage of nitric add determined in this way indudes 

. * • t • . 



MKBD ACIDS 


1617 


the nitric ^d’present in the spent acid as nitric esters, etc., but as 
acid combing in this way is recovered ii> the denitration process, 
the method adopted is considered to gi^e a fair indication of the 
available nitrogen acids. 

Sulfuric Acid. The percentage of sulfuric acid is determined 
by titration of tlie spent acid with normal sodium hydroxide 
solution after freeing the sample from total nitrogen acids by 
evaporation. 

About 3.5 grams of the acid are accmately weighed out into 
a shallow porcelain evaporating dish by means of a Tunge-Rey 
pipette. A few cc. of water are added and the liquid evaporated 
in a steam bath for from two to three hours, more water being 
added about every half hour. To free the liquid from nitric acid 
, quickly it is essential to evaporate down to the smallest possibl^na 
bulk each time before the addition of a further quantity of water 
is made. When it is considered that the liquid is completely 
freed of nitrogen acids, the re*ifiaining sulfuric acid is diluted, 
carefully washed into a titration flask and titrated against normaf 
sodium hydroxide using methyl orange as indicator. As there 
is little indication to .show when alt th^ nitric acid has been driven 
off, the determinations arc always carried out in duplicate. From 
the number of cc. of normal alkali required for neutralization the 
percentage of sulfuric acid present in the sample is calculated. 

Water. The percentage of water present in the spent acid 
is obtained by difference, that is, by subtracting the sum of the 
total nitrogen acids and sulfuric acid from 100. 

In the method of calculating for the regeneration of acid baths 
published by Djeincm,* in which empirical formulas are given* 
the numerous typographical errors materially diminish the '^alue 
of his work. G. Mowbray^ advix^ates the use of Bessemer steel 
containers for nitrating acid storage. In handling nitroxyl^ul- 
fuiy acid according to the method of O. Jensen,’ the action of 
the acid on the iron is said to be prevented by the additicyi of a 
small amount of nitric acid (0.5%). 

L. White and K. Whitcomb’ have described an apparatus 

1. Caout. et Gutta-p. Ifll9, «, 6768; abst. C, A. 1919, IS, >1630. 

» 2. U. S. P. 350498, 1886. 

3. .U. S. P. 1319586, 1919; abst J. .8. C. I. 1919, 38, 946-A; C. A. 
8920, «, 97. Norsk. Hydro-Elektrisk Kvaelstofaktieselskab, Norw, P. 
23068; E. P. 130966; abst. C. A. 1920, 14, 97. See also Capadian Explosives, 

Ltd Can. P. 165213, 1915. R. Batteg, D. R. P. Aam. B-61729, 1911. 

t. U. S. P. 354761, 1882. Sec alsoV. Pool, U»S. P. Re-10650, 1886, 

• * * » 
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for tbe deterniinatioii of the degree of nitration of cellular fiber 
by means of the deflection of a galvanometer, using a cathode 
and anode on opposite Sides of a mixing vessel, the deflection 
being compared with that of a “standard quality.” , 

P. Pascal and Gamier' (see p. 1410) have given in tabular 
form and' also plotted on a triangular graph, the results of an 
investigation of the densities of nitro-sulfuric mixtures. In the 
analysis of mixed acids,‘ T. Chandelon calls attention to the 
presence of small amounts of oxalic acid formed in nitration which 
must be taken into account. In the denitration of waste nitrous 
vitriol according to the process of Farbenfabr. vorm. F. Bayer 
u. Co.,’ the waste vitriol is concentrated to about 56° B^. (sp. 
gr. 1.635), the greater part of the nitric oxide being then removed 
™J>y passing a stream of air through the hot acid, the last traces 
being eliminate(f by treating a stream of the acid with a counter- 
current of SO 2 . The process of concentrating nitric and sulfuric 
acid of A. Bohre,’ and of separatifig nitric acid from sulfuric acid,’ 
“are similar to those already described herein. W. Holmes* has 
contributed a valuable paper on the freezing points of mixtures of 
sulfuric and nitric acids. 

I 

of U. S. P. 306519. For estimation of nitrogen with nitrometer see E. 
Beckett, J. C. S. 1920, 117, 220; abst. C. A. 1920, 14, 1797. Various acid 
pumps have been described by W. Hayhurst, J^S. C. I. 1920, 39, 145-T; 
abst. C. A. 1920, M, 2281. R. Stewart, J. S. C. f. 1920, 39, 141; abst. C. A. 
1920, U, 2281. S. Tungay, J. S. C. I. 1920, 39, 143; abst. C. A. 1920, 14„ 
2281. For acid elevator see J. Reavell, J. S. C. I. 1920, 39, 142-T; abst. 
C. A. 1920, 14, 2281. Acid proof coatings for concrete surfaces see E. Berger, 
Concrete, 1920, 18, 267; abst. C. A. 1920, 14, 2404. For ccmstruction of 
acid proof vessels see O. Kausch, Chem. App. 1920, 7, 49, 66, 76; abst. C. A. 
1920, 14, 2280. A device for distributing liquids about a factory has been 
patented by H. Crow, E. P. 130946; abst. J. S. C. I. 1920, 39, 114-T; C. A. 
5920, 14, 2281. For graphic tables for acid calculations and reading device 
for same, consult M. Hofsas.s, Zts. ang. Chem. 1919, 32, I, 319; J. Gasbel. 
1920, 62, 766; C. A. 1920, 14, 2281. W. Ostwald, Chem. Ztg. 1920, 241; 

abst. J. S. C. I. 1920, 39, 321-A. ' J. Rudeloff (Zts. Schiess. Spreng. 1907, 
2, 1^) and E. Neumann (Spreng. Wallen. Munition, 4, 4) describe methods 
for the utilization of spent acids and nitrous gases in the explosive industry. 

* 1. Bull. Soc. Chim. 1919, 25, 142; abst. J. S. C. I. 1919, 38, 38?-A; 
C. A. 1919 , 13, 3049. 

* 2. Bull. S<x;. Chim. Belg. 1914, 28, 58; abst. Chem. Zentr. 1914, 85, 
1,1316. Cf. 

3., D. R. P. 297902, 1916; abst. J. S. C. I. 1920, 39, 62-A. 

4. U.,S. P. 1338418, 1920; abst. J. S. C. I. 1920, 39, 447-A. 

5. C. Kaesmaejer, E. P. 2382, 1908; abst. C. A. 1909, 3,1330. „ 

6. J. Ind. Eng. Chem. 1920, 12, 781. M. Allary, J. A. C. S. 188C 
8, 171. J. A. C. S. 1887, 9, 38; BuU. Soc. Chim. 1887, 47, 102. Free. U. S., 
Mow Tn«t 1R87. 13. 419; Paint, Oil and Drug Report, 1887, 13, 9. A. Eerqpx, 
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ACID TABLES. 


There have been brouglit together in tlie thirty-three tables 
constituting this chapter (Tables LXXl-CTII) the mathematical 
^data embraced in this and the foregoing seetion of this volumeaa 
it being considered more convenient to locate the tables together 
than to break up the text by»their frequent interspersion. 

The series of tables in detaif are as follows: Correctipn for 
barometer readings for temperature as required in nitrometer 
work (pp. 1521-1022); density and volume of water (1.521-1522); 
gravity and solubility of sodium nitrate in water (I52.'i-1524); 
comparison of Baum6 and specific gravity readings (152.5-1527); 
specific gravity of oleums (1527-152!)) and sulfuric acid (1.530- 
1.53()), and the influence of temperature on the gravity (1537- 
1.53.S); thermal properties (1.530) and sensible heat (l.fi'lO) of 
sulfuric acid and water; hydrometer standardization (1.541); con¬ 
version of Centrigrade to Fahrenheit degrees and conversely 
(1542-1.54.3); gravity tables for nitric acid (1.544-1.540); and the 
weight of 1 cc. moist nitrogen at various temperatures (1.54V).* 
The series of tables (15.50 15(15) of correction factors for reduping 
volume of nitric oxide in cubic centimeters observed on Lunge 
nitrometer to volume in cubic centimeters to standard conditions, 
is t^usually elaborate, and was first published by the Bureau* of 
Standards. By means of these tables it becomes possible to Ufe 
a two-bulb nitrometer without calculation for temperature or 
barometric pressure, by reference to the tables herein. • 

None of the tables are original with the author, tlie source 
being ejther indicated under tlie respective table or in the text 
& connection with the discussion of data to which the table 
refers. 


1519 



Log( 



1 

S § & 








Mm . 



0.0 

3.11919 

4.60 

11.8 

3.10178 

0.2 

3.11887 

4.66 

12.0 

3.10047 

0.4 

3.11855 

4.71 

12.2 

■iWTiTiir^ 

0.6 

3.11824 ' 

4.78 

12.4 


0.8 

3.11702 

4.86 

12.6 

3.09956 

1.0 

3.11760 

4.92 

12.8 

3.09925 

1.2 

3.11728 

4.99 



1.4 

3.11696 

5.06 

13.2 


r 1.6 

3.11665 

5.14 

13.4 

3.09834 

1.8 

3.11633 

i .21 

13.6 

3.09804 

2.0 

3.11601 

5.29 

13.8 

3.09773 

2.2 


5.36 

14.0 

3.09743 

2.4 

3.11638 

5.44 

14.2 

3.09713 • 

2.6 

3.11507 

5.62 

14.4 

3.09682 

2.8 

3.11476 


14.6 

3 . OT 662 


• 3.11443 

6.68 

14.8 

3.09622 

^ 3.2 

3.11412 

5.76 

15.0 


3.4 


5.84 

15.2 


3.6 

3.11349 

5.92 

16.4 

3.09531 

3.8 

3.11317 


16.6 


4.0 

3.11286 

6.09 

15.8 

3.09471 

4.2 

3.11265 

6.17 


3.09441 

4.4 

3.11223 

6.26 

16.2 


4.6 

3.11192 

6.35 

16.4 


4.8 

3.11160 

6.44 

16.6 

PK' ' ‘Ml 

5.0 

3.11129 

6.53 

16.8 


5.2 

3.11098 

6.62 

17.0 

3.09291 

6.4 

3.11067 

0.71 

17.2 

3.09261 

6.6 


6.81 

17.4 

i HtW. 

5.8 

KKIldin 

6.90 

17.6 

i TO 

6.0 

3.10973 




6.2 

3.10942 




6.4 

3.10011 

7.19 

18.2 

‘ W- 

6.6 

3.10880 

7.29 

18.4 

; iWi]; 

6.8 

3.10848 

7.39 

18.6 

: 1M*].- 

7.0 

3 . 108 IS 

7.49 

18.8 

: ijijfy 

• 7.2 

3.10786 



• *riT 

* 7.4 


7.70 

19.2 

■ 'lirl* 

7.6 

3.10724 

7.81 

19.4 

: ’■ 

7.8 • 

3.10693 

7.91 

19.6 


8.0 

3.10662 

8.02 

19.8 

i Si 

8.2 

3.10631 

8.13 


> mi 

8.4 


8.24 

20.2 

3.08813 

8.6 

3.10670 

8.36 


3.08783 

8 .% 

3.10538 

8.47 

20.6 

3.08764 

9.0 

3.10608 

8.58 


3.08724 

0.2 

. 3.10477 

8.70 

21.0 

3.08695 

0!4 

* 3.10446 

8.82 

21.2 

3.08665 

9.6 

3.10415 

8.04 

21.4 

3.08635 

9.8 

3.10384 

9.06 

21.6 

3.08606 

10.0 

« 3.10354 

9.18 

21.8 

3.08676 

10.2 

3.10323 


22.0 

3.08647 

10.4 

3.10802 

0.43 

22.2 

3.08517 

10.6 

3.10262 

9.58 

22.4 

3.08488 

10.8 

8.10231 

0.68 

22.6 

3.08458 

11.0 

3.10200 

9.81 

22.8 

3.08429 

11.2 

3.10170 

9.94 

23.0 

3.08400 

11.4 

3.10189 

10.07 

23.3 

3.08370 

U .6 

3.10108 

< 0.81 , 

23.4 

3.08341 
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TABLE LXXHC—CORRECTIONS Op BAROMETER READINOS POR^ 
TEMPERATURE 


Barometer 

Reading, 

• 

Ci.Ass ScALB (Bunsen) Mm. 

20 30 40 50 

TO Br^IIbductbd 

70 o« 

0* 

10* 

Mm. 

700...#.,. 

0.120 

0.240 

0.359 

0.479 

0 599 

0.719 

0.838 

0.058 

1.078 

1.198 

705. 

0.121 

0 241 

0,302 

0.483 

0.003 

0.724 

0.844 

0.905 

1.086 

1.206 

710. 

0.121 

0.243 

0.304 

0.480 

0.007 

0.729 

0.850 

0.972 

1.093 

1.215 

715. 

0.122 

0.245 

0.307 

0.489, 

0.012 

0 734 

0.856 

0.979 

1.101 

1.223 

720. 

0,123 

0.245 

0.370 

0.493 

0.010 

0.739 

0.802 

0.080 

1.109 

1.232 

725. 

0.124 

0 248 

0.372 

0 490 

0.020 

0 744 

0.808 

0.992 

1.116 

1.340 

7:{0. 

0 125 

0.250 

0.375 

0.500 

0.025 

0 749 

0.874 

0 999 

1.124 

1 249 

705. 

0.120 

0.252 

0.377 

0.503 

0.029 

0.755 

0,880 

1.000 

1.132 

1.358 

740. 

0.127 

0 253 

0.3S0 

0,500 

0,033 

0.700 

0,880 

1 013 

1.140 

1 206 

745. 

0.127 

0,255 

0.382 

().6U) 

0.637 

0.705 

0.892 

1.020 

1.147 

1.275 

750. 

0.128 

0 257 

0,385 

0.513 

0.042 

0.770 

0.898 

1.027 

1.155 

1,283 

755. 

0.129 

0.258 

0.388 

0.517 

0,040 

0.775 

0,90-1 

1.033 

1.163 

1 392 

700. 

0 . i:;o 

0 200 

0.390 

0.520 

(1 0.50 

0,780 

0,910 

1 ,040 

1.170 

I 300 

705. 

0.131 

0,202 

0.393 

0 .521 

0 0.54 

0.785 

0 910 

1 .047 

1.178 

1.309 

770. 

0,132 

0,204 

0.395 

0.527 

0.059 

0.790 

0.922 

1 054 

1.186 

1.317 

775. 

0.133 

o.2o:> 

0,398 

0.531.* 

0 003 

0 790 

0 928 

t .001 

1.193 

1.326 

780. 

0.133 

(J.207 

0. 100 

0.531 

0 007 

0 HOI 

0.934 

1.008 

1.201 

1.33A 

7^:> . 

0.131 

0,209 

0 403 

0,537 

0.072 

O.UOO 

0,940 

L075 

1.209 

1.343 

T\M) . 

0. 135 

0.270 

0.400 

0.511 

0 070 

0.811 

0.910 

r.08l 

1.217 

1.352 

795. 

0.130 

0.272 

0.407 

0.544 

0 080 

0.810 

0.952 

1.088 

1.224 

1.300 

800. 

0.137 

0.274 

0,111 

O.'ife 

O.OHl 

0.821 

0,958 

1.095 

1.232 

1.396 


TABL 

V I.XXIII - 

nivNSITY OP 

> 

A'r 0" 

'i'O 36 


• 


Wkiokt in Grams uv Onk Cmuc Ckntimutkr or Wathr Prkk from Air at Tbm- 
PKRATOkl'S OF 0 To W ('I'NTNIKAnK HV Tl!« UVOROOICN TIIKRMOMKTKR • 
AcCORDlNii To TmIKSI'N. SCIIKRI., and OlIJSSItMIORHT. 


Wiss, AMi. <1, Phys. Tcchn Kvichsutisl. 1900, 3, 98 


l^egrces 


0. .. 

1... 


0 

... 0,990808 

0 1 
874 

0 2 
881 


927 

912 

930 

0 


908 

on 

974 



992 

994 

995 



... l.OOtKMK) 

000 

(*00 



... (*,999992 

990 

998 



98t) 

9i>5 

902 



929 

925 

920 



870 

870 

804 



808 

801 

793 



727 

718 

709 



r>:52 

022 

012 



.5:>.5 

513 

602 



404 

391 

379 



271 

257 

243 



120 

111 

096 



... 0.098970 

9.53 

937 



801 

784 

706 



022 

fM)3 

585 

19.. 


432 

412 

392 


230 

210 

189 

21.. 


019 

*997 

*975 


... 0.997797 

774 

761 



5f>5 

541 

517 

24.. 

25.. 


323 

298 

273 


071 

045 

019 


... 0.996810 

783 

766 

27.. 

28.. 

29. * 

30. * 

31.. 
32#. 

33.. 

34.. 

35.. 


539 

612 

484 


259 

231 

202 


. . 0.996971 

941 

912 


673 

643 

613 


367 

336 

305 


052 

020 

*988 


... 0.994729 

696 

663 


398 

364 

330 


068 

023 

*989 


Toiiths of*l>CKroe!i 


0.3 

04 

0 5 

0.0 

0.7 

0 8 

0.0 

887 

893 

899 

905 

911 

9(6 

022 

941 

945 

9.50 

0.5-4 

957 

901 

965 

977 

980 

982 

085 

987 

989 

091 

990 

997 

998 

999 

999 

*000 

•000 

*999 

*999 

*998 

*097 

*996 

♦996 

*99.3 

980 

984 

982 

979 

977 

974 

971 

9.58 

9.54 

951 

947 

943 

038 

934 

915 

910 

904 

899 

893 

888 

882 

857 

851 

844 

837 

630 

823 

816 

785 

778 

709 

761 

763 

744 

736 

7«M) 

091 

081 

072 

662 

652 

642 

001 

591 

580 

569 

558 

547 

536 

490 

478 

406 

454 

442 

429 

417 

300 

3.53 

339 

326 

312 

209 

285 

229 

2)5 

2fJ<) 

186 

171 

156 

141 

081 

005 

050 

034 

018 

002 

4086 

920 

904 

887 

870 

853 

836 

819 

749 

731 

713 

665 

677 

659 

640 

500 

547 

528 

509 

400 

471 

451 

372 

352 

.3.32 

.312 

292 

271 

251 

168 

147 

126 

105 

083 

062 


*963 

*931 

•009 

•887 

*864 

•842 

*819 

728 

705 

082 

659 

636 

612. 

588 

493 

409 

445 

421 

390 

372 • 

34? 

248 

223 

198 

173 

147 

122 

096 

*094 

•008 

*941 

*916 

•889 

♦863 

•836 

730 

703 

676 

648 

621 

694- 

567 

466 

428 

400 

372 

344 

316* 

288 

174 

145 

116 

087 

058 

*029 

000 

882 

853 

823 

793 

763 

733 

708 

582 

552 

621 

491 

460 

429 

898 

273 

242 

211 

179 

148 

116 

084 

•066 

•924 

•892 

•869 

*827 

♦794 

•762 

030 

697 

564 

631 

498 

464 

431 

296 

263 

229 

195 # 161 

126 

092 

♦954 

•y20 

*885* 

•860 

• 

*815 

♦780 

•746 
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TECHNOIyOGY OF CBLl,UW)SB jSStBRS 


^ TABLE LXXIV.—DENSITY OF WATER AT 30* T;0 102* 

WmcBT IN Grahs op Onb 'Cnaic Cbntimstsr of Watsr Frrs prom Air at 
TKMPBRATURRS op 30 * To 102* CRNTIGRADS by THK nyDROGSN 
TllBRMOMBpIR—AbCORUING TO M. ThIRSRK. 



Wiss. Abh. 

d. i^hys. 

—Tcchn. Reiebsanst. 1904, 4 , 1 




Degrees 

0 

1 

2 

3 

4 

5 

, 0 

7 

8 

9 

30. 

.. 0.99507 

537 

505 

473 

440 

400 

371 

336 

200 

202 

40.. 

224 

180 

147 

107 

006 

025 

*982 

♦940 

*896 

•852 

50.?... 

.. 0.98807 

702 

715 

009 

621 

673 

525 

475 

425 

375 

fiO. 

324 

272 

220 

■ 187 

113 

059 

005 

*960 

*894 

*838 

70. 

.. 0.97781 

723 

000 

607 

548 

489 

429 

368 

307 

245 

80. 

183 

121 

057 

*994 

*930 

*866 

*800 

*734 

*668 

*001 

90. 

.. 0.90534 

467 

399 

330 

261 

192 

122 

051 

*981 

*900 

100!. 

.. 0.95838 

765 

093 









TABLE LXXV.-DENSITY OP WATER AT 100* TO 330* 

WuicHT IN Grams or Onb Cubic Cbntimbtbr op Watbr at Tbmfbraturss op 
■ • 100® TO 320* CUNTIGRADB 


Accoroino to W. Ramsay. S. Youno, J. J. Watbrston and G. A. Hirn 


C. 

Density 

*C- 

Density 

*C. 

Density 

*C. 

Density 

101) 

0.0585 

160 

0.9076 

220 

0.837 

280 

0.75 

no 

0.9610 

170 

0.8973 

230 

0.823 

290 

0.72 

120 

0.9434 

180 

0.8860 

240 

0 . 8 UO 

300 

0.70 

130 

0.9352 

100 

0.8760 

250 

0.794 

310 

0.68 

140 

0.9264 

200 

0.8628 

260 

0.770 

320 

0.66 

ISO 

0.9173 <■ 

210 

0.850 

270 

0.765 


.... c 


To reduce the densities of water free from air to the density of water containing air, 
add 0.000003 for Uimperatures of 0 to 14, 0.000002 for temperatures of 15 to 19. For 
hit^r temperatures the correction is ncgli|^iblc. 

^ TABL'H LXXVI.—VOLUME IN CUBIC CENTIMETERS OF ONE GRAM OP 
* WATER AT 0* TO 30* CENTIGRADE 

. ■ By THU HvoRooBN Tiibrmomrtbr-—According to Tiubsun, Scubbu, and 

DiBSSBUtORST. 


Wis.s. Ahh. d. Phys.—Tcchn. Reichsanst. 1900, 8 , 09 
Tenths of Degrees 



Degrees 

0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

0 .. 


.. 1.000132 

120 

119 

113 

107 

101 

005 

080 

084 

079 

1 ,. 


073 

060 

064 

0.50 

055 

051 

047 

043 

039 

035 

2 .. 


032 

029 

026 

023 

026 

018 

016 

013 

Oil 

009 

3.. 


008 

006 

005 

004 

003 

002 

001 

001 

000 

000 

4.. 


000 

000 

000 

001 

001 

002 

003 

004 

005 

007 

.5.. 


J)08 

010 

012 

014 

016 

018 

021 

023 

026 

029 

6 .. 


0.32 

035 

039 

042 

046 

050 

054 

058 

0 G 2 

066 

7.. 


071 

075 

080 

085 

090 

096 

101 

107 

112 

118 

8 .. 


124 

130 

137 

143 

149 

156 

163 

170 

177 

184 

9, 


192 

199‘ 

207 

215 

223 

231 

239 

247 

256 

264 

10 . 


273 

282 

201 

300 

390 

319 

328 

338 

348 

358 

U. 


368 

378 

388 

399 

409 

420 

431 

442 

453 

464 

12 . 


476 

487 

409 

511 

522 

534 

647 

559 

571 

584 

13. 


596 

609 

622 

635 

648 

661 

675 

688 

702 

716 

14. 


729 

743 

757 

772 

786 

800 

815 

830 

844 

859 

15.' 


874 

890 

005 

020 

936 

951 

967 

9K:t 

909 

♦016 

16 


.. 1.001031 

048 

064 

081 

008 

114 

131 

148 

165 

183 

17 


200 

218 

235 

253 

271 

289 

307 

325 

343 

361 

18. 


380 

399 

417 

436 

465 

474 

493 

613 

532 

551 

19 


571 

691 

610 

630 

650 

671 

691 

711 

732 

762 

2 f‘. 


773 

704 

815 

836 

857 

878 

899 

921 

942 

964 

21 , 


985 

*007 

*029 

*051 

*073 

*096 

*118 

*140 

*16.'! 

•186 

22 . 


.. 1.002208 

231 

254 

277 

300 

324 

347 

370 

364 

418 



441 

465 

489 

513 

538 

662 

686 

611 

635 

660 

24. 


685 

710 

736 

760 

785 

810 

835 

861 

886 

912 

25. 


938 

964 

090 

*016 

*042 

*068 

*094 

•121 

*147 

*174 

26 


.. 1.003201 

227 

254 

281 

308 

336 

363 

390 

418 

445 

27, 


473 

601 

529 

556 

585 

613 

641 

669 

698 

726 

28 


755 

783 

812 

841 

870 

899 

028 

957 

087 

♦010 

29. 


.. 1.004046 

076 

105 

136 

165 

194 

225 

255 

285 

.815 

30, 


346 

376 

407 

437 

468 

499 

530 

661 

662 


31. 


655 

686 

717 

749 

781 

812 

844 

876 

908 

940 

32. 


972 

*006 

*037 

•070 

♦102 

•135 

*167 

•200<^ *233 

**^66 

33. 


.. 1.005209 

332 

365 

399 

432 

465 

499 

533 

666 

600 

34, 


..« 634 

668 

702 

736 

771 

805 

839 

874 

eofP 

943 

36. 


Ws 

*013 

*047 

*082 

•118 

*163 

•188 

•223 

•269 

*294 




O' 
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table LXXVII. -'i'OLUMR IM CUBIC CHNTIMKTKRS OF ONU ORAJ# OP 
WATER AT 30“ TO 102“ CENTIGRADE 


By tub Uvdrookn Tiibrmomktkr—Accdrdi^o to M. TjimaitN 



Wiss. Abh. d 

. Phy 

s.—Tecliii. Reiolisa^ 

St. 1004. 4 , 1 




Degrees 

0 

1 

2 3 

4 

5 

0 

7 

8 


. 

1.004.35 

4d(i 

407 r>30 

503 

.508 

033 

(too 

700 

743 

40. 


H2l 

.'<()l 001 

0»3 

0.S.5 

*028 

*072 

*1 10 

•102 

50. 

1.01207 

2.54 

3(»1 340 

.lOH 

4tS 

40S 

548 

OtK) 

0A2 

(10. 

70.5 

75.S 

81;L 807 

023 

070 

*030 

*003 

*151 

•210 

70. 

1.02270 

330 

300 4.52 

514 

57(1 

030 

703 

7i>8 

833 

80. 

sm 

0(15 

*032 ♦<►00 

♦ 108 

*237 

*300 

*370 

*417 

*518 

00. 

. 1.03500 

(103 

730 .SIO 

881 

0.50 

*03.5 

♦111 

♦188 

*206 

lUO. 

1.04343 

422 

501 







To reduce the 

volumes of water free from air ' 

1(1 tlir 

volume 

of water contiiiiiiiu 

' uir, 
I'or 

add 0.0<K)003 for Ifinperalurcs of 0 
higher tcmpcruturcs the correction is 

to 14. 0,000002 for 
ncKliniblv. 

temper 

atuies 

ul 1.5 

to 10. 


TABll- LXXVIII.^ VOLUMK IN Cl^BIC C E-N'TI M ETIIHS OP ONE GRAM OP 
WATER AT lOl)” To 320“ CIvNTlC.R A DE 


AccoKoisii TO W. Ramsay, S. 


C. 

Cubic Cent. 

“ C. 

Cub 

ie Cent 


t'libic Cent 

ioo 

1,0433 

100 

1 

KUO 

220 

1.105 

1 10 

1.0.515 

170 

1 

114.5 

230 

1 -21.5 

120 

1.0001 

180 

1 

1270 

210 

1.230 

130 

1,0003 

100 

1 

1420 

2.50 

1.2.50 

140 

1 .0701 

2fM) 

1 

1500 

2i'0 

• 1,283 

1.50 

1.0002 

210 

1 

177 

270 

1.308 


.1. J. Wati'.kston. and G. A. 

’ C. Ctihic Cent. 


2H() 
200 
300 
310 
320 . 


1.34 

1 ,3S 
i 42 
i .46 
l.M 


TABLE LXXIX.—SITXTITC GRAVITY oP SODH M NITRATiv SOLO IlON.S 
A'r 20 2 “ C. 

( 11 . Scmi ' F ) Aim . IK . TS , 107 , pp r )0 (14 

(H ScWIT, calcul«U<l by Orlnch, Zls Cbcm f 2».(1) fjwn p. 2111 ol Did ot C»ni. 

SoluLiIilios. By A. M. Coiiiry, lli.D. 


Sp. Or. ' 

4 XaN( 

1 .(J0(i.5 

1 

.0131 

2 

.0107 

.3 

.0204 

4 

.0332 

5 

.0399 

0 

.0408 

7 

.0537 

8 

.000(5 

9 

.0(576 

10 

,0746 

u 

.0817 

12 

.0889 

13 

.0»62 

14 

.1035 

16 

» .1109 

16 

.1184 

17 


Sp. <ir. 

NaNOa 

. 1200 

18 

.1338 

19 

. 1418 

20 

. 1498 

21 

.1578 

22 

. 1059 

23 

. 1740 

24 

.1822 

25 

.1904 

20 

.1987 

27 

.2070 

28 

.2154 

29 

.2239 

30 

.2325 

31 

.2412 

32 

.2600 

33 

.2589 

34 


Sp, ('.r. 

/o NuNOi 

.2079 

36 

.2770 

36 

.2803 

37 

.2958 

3H 

.305.5 

39 • 

.3155 

40 

.3225 


.3355 

42 

.3450 

43 • 

.3557 

4 ^ 

.3059 

46 

.3701 

46 

. 3804 

47 

.3908 

48 

.4074 

49 

.418% 

60 


# 
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TBCHNOLOOY C«I,ttJU)SE»'aStSRS 




TA»E LXXX.—SOLUBILITY OF SODIUM NITRATE IN 100 ’^ARTS II«0 ATt*C. 


t® 

Pts. NaNOi 

t® 

Pts. NaNOs 

t® 

Pts. NaNOi 

t® Pts, 

.NaNOi 

0 

72.9 

31 

*56.0 

VO 

61 

124 

91 

164 

1 

74.7 

32 

62 

125 

- 92 

166 

2 

76.4 

33 

97 

63 

126 

93 

168 

3 

76.0 

34 

98 

64 

127 

94 

160 

4 

76.7 

35 

99 

65 

128 

95 

ni 

5 

77.4 

36 

100 

66 

130 

96 

173 

6 

78.1 

37 

100 

67 

131 

97 

175 

7 

78.7 

38 

101 

• 68 

132 

98 

177 

8 

79.4 

39 

102 

69 

133 

99 

178 

9 

80.4 

40 

102 

70 

134 

100 

180 

10 

80.8 

41 

103 

71 

136 

101 

182 

11 

81.4 

42 

104 

72 

137 

102 

184 

12 

82.0 

43 

105 

73 

138 

103 

186 

13 

82.7 

44 

106 

74 

139 

104 

188 

14 

83.4 

45 

107 

76 

140 

105 

190 

16 

84.0 

40 

108 

76 

142 

106 

192 

16 

84.7 

47 

109 

77 

143 

107 

194 

17 

85.4 

48 

no 

78 

145 

10$ 

196 

18 

80.1 

49 

111 

79 

146 

109 

198 

19 

80.8 

60 

112 

80 

148 

no 

200 

20 

87.6 

51 

113 

81 

149 

111 

202 

21 

88.3 

52 

114 

82 

151 

112 

204 

22 

89.0 

53 

115 

83 

152 

113 

207 

23 

80.7 

64 

116 

84 

153 

114 

209 

24 

90.3 

, 65 

117 

85 

155 

115 

211 4 

26 

91.0 

56 

118 

86 

156 

116 

213 ' 

20 

91.8 

57 

119 

87 

168 

117 

215 

27 

92.5 

58 

120 

88 

159 

117.6 

216.4 

28 03.2 69 121 89 161 

29 94.0 00 122 90 102 

30 « 04.9 

(Mulder, Scheik, Verhandel., 1804, 83.) 

Sat. solution ot b.-pt. contains 216.4 pts. NaNOi (Mulder); 218.5 pts. NaNOj 

(Marx): 


i$at. solution at n.>pt. contains ^ 10.4 pts. isaiNui ^jvimacr;; ifiio.o pis. iNar<iv.»i vmarx;; 
213.4 pts. NaNOi (MaumcnO^ 2U.4 pts. NaNOi (Nordenskjdid); 224.8 pts. NaNO< 
(I«eKrand); 160 pts. NaNOi (Grifllths). 

Taken from *'A Dictionary of C|)temical SolubUities/* by A. M. Comey, page 261. 


TABLE LXXXI 

Another tabic, for the temperature 15® C., is given by Scott {Pharm. Soc. J. and Trans. 
i. p. 217): t 


Per cent. 

Specific 

Per cent. 

Specific 

Gravity 

SOi 

Gravity 

SOj 

O.S 

1.0028 

5.6 

1.0302 

1.0 

1.0056 

6.0 

1.0328 

1.5 

1.0085 

6.5 

1.0353 

2.0 

1.0113 

7.0 

1.0377 

2.5 

1.0141 

7.5 

1.0401 

3.0 

1.0168 

8.0 

1.0426 

3.5 

1.0104 

8.6 

1.0450 

4.0 

1.0221 

9.0 

1.0474 

4.5 

1.0248 

9.6 

1.0497 

5.0 

1.0275 

10.0 

1.0520 


Much higher are the figures given by Pellet (7. Soc. Chem. Jnd. 1602, p. 171): 

Per cent. SOs in 100 HjO. 1 2 3 4 5 6 

• Sp. gr. at 16® to 17® C. 1.0076 1.015 1.0225 1.030 1.0376 1.046 

‘ TABLE LXXXII • 


Fr^m Bunsen and SchOnfcld’s dctenoinations, Harp^ (Chem. Zeit. 1605, p. 138) cal- 


culated the following table (for normal atmospheric pressure): 

1 Lit. 

Saturated 

Per cent. SOi 

V 

1 Lit. Water 

1 Lit. Water 

Aqueous 

Solution 

Specific 

Tem-% 

Dissolves 

Dissolves 

Gravity 

by Weight in 

perature, 

Degrees 

Lit. SOt 

Grammes SOi 

Contains 
Lit. SOi 

of Aqueous 
Solution 

the Aqueous 
Solution h* 

0 

79.8 

228.3 

68.86 

1.0609 

T8.58 

6 

67.5 

193.1 

59.82 

1.059 

H6.19 c 

10 

56.6 

101.0 

51.38 

1.0547 

13.9| 

15 

47.3 , 

135.3 

43.56 

1.042 

11.93 

20 

89.4 

1 

112.7 

♦ 

36.21 

1.0239 

10.12 
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IAHLK LXXXtll—KQUIVALKNT OF ORC.RKKS HAl’Mt^, (AMURICAN 
STANDARD) AND SPRCIKIC GRAVITY AT ttO* F. 


DB«iRKj{s KAru6 “ 14ft— :— 7 ,— 
^ S|>. Gr. 


Degrees 

Specific 

Degrees 

Specific 

Ha^ra^ 

Gravity 

Bauni^ 

Gravity 

0,0 

l.tKXX) 

7.0 

1.0.'>07 

.1 

1,0007 

.1 

1.051ft 

2 

1,0014 

,2 

1.05J2 

.3 

1.0021 

.3 

1.0.530 

.4 

1.002S 

.4 

1 .0538 

5 

1,0035 

.5 

1.0.515 


1.0042 

.0 

1.0.553 

.7 

1.0049 

.7 

1.0501 

.8 

1,0055 

.8 

1.0569 

.9 

1 

.9 

1.0570 

10 

), 

8.0 

1.0584 

.1 

1.0070 

.1 

1,0.592 

.2 

1.O0S3 

.2 

1,0.599 

-3 

I.0000 

.3 

1.0007 

4 

l.(KHt7 

.4 

1.0015 

.5 

1,010ft 

. .ft 

1,0023 

.0 

1.0112 


1.0030 

.7 

1.0110 

.7 

1,0*’.38 

.S 

1.0120 

.8 

1.0040 

.9 

1 .013:1 

,9 

1.0054 

;,o 

1.0140 

9.0 

1.00*0.2 

.1 

1.0147 

. 1 

1,0070 

_ 2 

I 0154 

. 2 

1.0f77 

'.'i 

I.OIOI 

3 

1.00>.Hft 

.4 

1,0108 

.4 

1.0093 

ft 

1.0175 

ft 

1.0701 


1.0183 


1.0709 

.7 

1,0190 

.7 

1.0717 


1,0197 

.8 

1.072ft 

.0 

1.0201 

.9 

1.0733 

.0 

1.0211 

10 0 

1.0741 

.1 

1.0218 

.1 

1.0749 

.2 

1,0220 

, 2 

1.07.57 

.3 

1.0233 

.3 

1.07li5 

.4 

1.0210 

.4 

1 .0773 


1.0247 

.5 • 

1.0781 

J> 

].02ftft 

.0 

1.0789 

.7 

1,0202 

.7 

1.0797 

.8 

1.0209 

.8 

1.0.80.5 

.9 

1.0270 

.9 

l.tKSlIt 

.0 

1,02.84 

11,0 

1.0821 

.1 

1.0291 

.1 

1,1>829 


1.0298 

.2 

1.08.37 

!3 

1.0.306 

.3 

1.084ft 

.4 

i.o:ii3 

.4 

1 .08.53 

• ft 

1.0320 

.5 

l.OKOl 

.0 

] .0328 

.0 

1.0870 

.7 

1.0.335 

.7 

1.087S 

.8 

1.0342 

.8 

1 .(tSHO 

.9 

1.0350 

.9 

1,0894 

,0 

1.0357 

12.0 

1 ,0902 

1 

1.0305 

.1 

1 .0910 


1.0.372 

.2 

1 .mno 

3 

1.0379 

.3 

1.0927 

4 

1.0387 

.4 

i,09;« 


1,0394 

.5 

1 .(MH.3 

ii 

1.0402 

.0 

1.09.52 

7 

1.0409 

.7 

1.0960 

8 

1.0417 

.8 

1.0908 

(» 

1.0424 

.9 

1.0977 

0 

1.0432 

13.0 

1.0985 

1 

1.0439 

.1 

1.0993 

2 

1.0447 

.2 

1.1002 

3 

1 .tM54 

.3 

1.1010 

4 

1.0402 

.4 

1.1018 

ft 

* l.(H09 

.5 

1.1027 

0 

• 1.0477 

.0 

1.1035 

7 

1.0484 

.7 

1 .1043 

8 

1.0492 

.8 

1.1052 


1.0600 

.9 

1.1000 


• . • • 


For Ilcuvirr thAii Wuter 


Degrees 

Specific 

Degrees 

Specific 


Gravity 


GtftvUy 

14 0 

1,1009 

21.0 

1.1094 

.1 

1.1077 

.1 

i.i7();t 

2 

1,1080 

.2 

I 1712 

.3 

1.1094 

.:i 

1.1722 

.4 

1,1103 

.4 

1.1731 

. .5 

i.ini 

.5 

1.1741 


1,1120 

.6 

1.1760 

7 

1.112S 

7 

1.1760 

'.a 

1.1137 

.8 

1.1709 

.9 

1.1 lift 

.9 

1,1779 

Ift.O 

1.1154 

22,0 

1.1789 

, 1 

1.1162 

.1 

1.1798 

_2 

1.1171 

.2 

1.180H 

2 

1.1180 

.3 

1.IR17 

A 

1,1188 

.4 

1.1827 

ft 

1.1197 

.6 

1.18:17 

!<» 

1.1200 

.0 

1.1846 

.7 

1 1214 

. 7 

1.1856 

.8 

1.122:1 

.8 

MSOtW.., 

,9 

1.12:12 

• .9 

1.1876 

10.0 

1.1240 

23,0 

1.1886 

.1 

1.1219 

. 1 

1.1896 

.2 

1.12.58 

.2 

I.1906 

.3 

1.1207 

.3 

1.1915 

.4 

1.127.5 

.4 

1.1924 

. 5 

1.1284 

. 5 

^19:14 ^ 

!o 

I.1293 

.0 

1.1944 

.7 

1 . 1:102 

.7 

1.1954 

.8 

1 . i:ufi 

,8 

I.I904 

.9 

1.1219 

,9 

1 . 1974 

17.0 

1.1:128 

24.0 

1.1983 

.f 

1.1:1:17 

. 1 

l-l»»:i 

_2 

l.i;i40 

,2 

1 , 2003 


1.136.5 

.3 

1.201:1 

.4 

l.DIM 

.4 

1.2023 

.ft 

i.i:i7;{ 

.5 

1 .20:1:1 

!o 

i.i;i8i 

.0 

1 . 204:1 

7 

1.1:190 

,7 

1.205:1 

!k 

1.1:199 

.8 

1.2003 

.9 

1.1408 

.9 

1 . 207.1 

18,0 

1,1417 

26,0 

1.208.3 

.1 

1 . 1420 

.1 

1 . 2(813 

.2 

i.i4;jft 

.2' 

1 2104 

A 

1.1444 

.3 

1.2114 

A 

1 . 14.5:1 

.4 

1.2124 

.5 

1,1402 

.5 

1.2134 

.6 

1.1472 

.0 

1.2144 • 

.7 

1.1481 

.7 

1.21&4 

.8 

1.1490 

.8 

1.2164 

.9 

1.1499 

.9 

1.J176 

19.0 

1 . 1.508 

26.0 

1.2186 

.1 

1.1617 

. 1 

1.2195 

.2 

1.1520 

.2 

1.2206 

.3 

i.ir>;i5 

.3 

I.22I6 

.4 

1.1.546 

.4 

1.2^6 

.5 

1.1554 

.6 

1.2^6 

.6 

1.1603 

.6 

1.220 

1.22# 

.7 

1.1672 

.7 

.8 

1.1581 

.8 

1.2267 

.9 

1.1591 

.9 

1.2276 

20.0 

.1 

1.1600 

27.0 

A.2288 

1,1609 

.1 

1.2209 

.2 

1.1619 

.a» 

1.2300 

.3 

1.1628 

.3 

1.2819 

.4 

1.16:17 

.4 

1.2330 

.6 

1.1047 

.6 

1.2840 

.6 

1.1656 

.6 

1.2361 “ 

.7 

1.106.5 

.7 

1.2301 

.8 

1.167.5 

♦ .8 

1.2872 

.9 

1.1684 

.9 

1.2883 

• 

# 
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• 

TAHI.K Lxxxnr 

(CoHtiuded) 


0 

IVyrccs 

Specific 

r>i*Krcrs 

J^pecilic 

DogrrM 

Specific 

Dcricc* 

SpecHic 

lOiunid 

Gravity 

Him in^ 

C.rnvity 


Gravity 

Bauin<5 

Gravily 

2 

1.0^15 

.5 

1.7100 

.f 

1.7S.77 

07 0 

1.8590 

.Z 

1. (;.').34 

.0 

1.7180 

9 

1.7879 

. 1 

1.8014 


1.0.003 

.7 

1.72(M) 

04 0 

1.7901 

.2 

1 80:38 

•.5 

1.0071 

.8 

1 7221 

.1 

1 792.3 

.3 

1.8002 

.0 

1.0090 

.9 

1.724 1 

. 2 

9.7940 

.4 

1.8080 

.7 

I.0009 

01.0 

1 .7202 

.Z 

1.7908 

.6 

1 8710 

.ft 

1.002,8 

.1 

1.7282 

.4 

1.7990 

.0 

1.8734 

.0 

1.0048 

2 

1.7303 

..7 

1.8012 

.7 

1.8758 

58,0 

1.0007 

.Z 

1.7321 

. 0 

1.8035 

.8 

1.8782 

.1 

1. OOftO 

.4 

1.7314 

.7 

1.80.77 

.0 

1.8807 

.2 

1.0700 

.5 

1.73«.o 

.8 

1.8080 

68.0 

1.8831 

.3 

1.0724 

.0 

1 .7380 

.9 

1.8102 

.1 

1.8850 

.4 

1.0744 

. 7 

1,74(17 

05 0 

1.812.5 


1.8880 

- 5 

1.0703 

.8 

1.7428 

.1 

1.8148 

.3 

1.8006 

. 0 

1.07S2 

.9 

1.7449 

2 

1.8170 

.4 

1.89:«) 

.7 

1,0802 

02.0 

1.7470 

-Z 

1,8193 

..5 

1.89,74 

.8 

1.0S2I 

.1 

I 7491 

.1 

1.8210 

.0 

1.8070 

.0 

1,0841 

,2 

1-7.712 

..7 

1.8239 

.7 

I .WN>4 

09.0 

1 .()M00 

.3 

1 ,7.733 


1.82C.2 

.8 

1.0020 

. 1 

1,0.880 

.4 

1.7.7.74 

.7 

1.828.5 

.9 

1.0054 

2 

1.0900 


1.7.77(> 

.8 

1.8.308 

09.0 

1.0079 

'.Z 

1.0910 

.0 

1.7,797 

9 

1 8331 

. 1 

1 0104 

.4 

1,09>9 

.7 

1.701H 

00 O 

I . 83.74 

_ 2 

i.oim 

rt 

1.0909 

.8 

1.7010 

1 

1.8378 • 

'.Z 

1 0155 

.0 

1.0979 

.9 

1 7001 

2 

I.8101 

.4 

] OlHO 

.7 

1. ti909 

03.0 

1 ,7083 - 

.z 

1 8121 

.6 

1.0205 

.8 

1.7019 

. 1 

1. »7<».7 

.4 

I .8148 

.0 

1.0231 

.9 

1.7039 

. 2 

1.7720^^ 

.7 

1.8171 

.7 

1.0250 

00.0 

1.70.09 

.3 

1 .7748** 

.0 

1 .8495 

.8 

1.0282 

.1 

1.7079 

.4 

1.7770 

.7 

1 .8.719 

.9 

•l.03l)K 

.2 

1.7099 

.5 

1.7791 

.8 

1.8.742 

70.0 

J.0333 

.3 

1.7119 

.0 

1.7813 

.0 

1.8500 



.1 

1,7139 

.7 

1.7.H35 






TAHLK LXXXIV.-SrJvCll'TC ('.RAVITY OF FrMlXr, SIIUUJRIC ACID AT35®C. 
(H. Kiiicfs. h) (HtT. 1001. 34, 4101) 


Sp. Gr. 

Total 

Fic- 

Sp Gr. 

Total 

Free 

so> % 

SOa Vo 

vSO» % 

vSO. % 

1.8180 

81.03 

0 

1.9749 

01.18 

52 

270 

81,99 

2 

7t>0 

01.65 

54 

300 

82 - 3t» 

4 

772 

91.91 

56 

425 

.82.73 

(( 

754 

92.28 

68 

498 

83.00 

.S 

738 

02.05 

tM) 

.705 

8.3.40 

10 

7(J9 

03.02 

62» 

027 

83 82 

12 

072 

93.38 

64 

092 

81.20 

11 

(i30 

03.75 

66 

750 

84. .70 

10 

600 

04.11 

6H 

8.30 

8-1.92 

18 

504 

04.48 

70 • 

918 

8.7.30 

20 

602 

04.85 

72 

.9020 

85.00 

22 

442 

95.21 

74 • 

002 

80.03 

24 

370 

05.58 

76 

1.78 

80.40 

26 

315 

06.06 

18 4 

220 

86.76 

28 

2.71 

06.32 

80 

280 

87.14 

30 

183 

06.69 

82 

338 

87.50 

32 

115 

07,05 

84 

405 

87.87 

34 

046 

07.42 

«d 

474 

88.24 

36 

1.8080 

97.78 

• 88 

534 

88.60 

38 

888 

08.16 

90 

584 

88.97 

40 

800 

08.53 

02 

012 

89.33 

42 

712 

98.90 

04 

» 643 

89.70 

44 

605 

09.26 

96 

672 

90.07 

40 

488 

99.63 

08 

702 

90.44 

48 

370 

iqp.oo 

100 

733 

90.81 

50 

• 





TBCHNOI/)Gy Olf CBI<I,UW)S« BgTSRS 


TABLE LXXXV.—FUMING SULFURIC ACID 
% * 

PsBB SOt, Total SOi and Bquivalsnt Valoss zn Tbeus ot 100%, 08% ano 03.10% HaSOi 

(H. Bishop) 


$)iActttal 

ycorapo. 


93 

02 


^12 88 
;a3 87 


Equivalents 

HjSO« 

Total 100% 08% 03.10% 
SOi ‘HjS04 H 2 SO 1 66* Bd 


81.63 100.00 102.04 107 31 
81.82 100.23 102.27 107.55 
82.00 100.45 102.50 107 70 
82.18 100.67 102.73 108.03 
82.37 100.90 102.96 108.28 


85.31 104.50 106.63 112.14 
86.49 104.73 106.86 111.38 
85.07 104.96 107.09 112.62 
85.86 105.18 107.32 112.86 
86.04 106.40 107.56 113.10 

86.22 105.62 107.78 113..34 
86.41 105.85 108.01 113.59 
80.59 106.07 108.24 113.83 
86.78 106.30 108.47 114.07 

86.90 106.53 108.70 114.31 

87.14 106.75 10B.J93 114.65 
87.33 106.08 ,106,10 114.79 
87.51 107.20* W39 115.03 
87.69 ]07.42;ijQ§:9$2-‘ 115.28 
87.88 107.65 7 ]a^'115.52 

88.06 107.^W^-. 115.76 
88.24 il6.00. 

88.6tV76 'U9«48 
88.80 no.99 116;73 

88.98 j&'ob 111.22 116.97 
89.16 USLsa 111.45 117.21 
A9.36 ldS.45 111.68 117.45 
89.53 10&."67 111.91 117.69 
89.71 109.90 112.14 117.93 

59.90 llO.ia 112.37 118.17 
M.08 110.36 -112.60 118.41 
OO-.af 110.58 112.83 118.66 
90.45 110.80 113.06 118.90 
00.63 111.02 113.29 119.14 


Acutal 


« 



Compo> 


Equivalents 


slUon 





is 

*s 




H 1 SO 4 

Sp 

Total 

100 % 

98% 

93.10% 

SjjU 

fan 

SOs 

H«SO< 

HsSOi 

66* 


cutfa 





50 

50 

90.82 

111.25 

113.52 

119.^ 

51 

49 

91.00 

111.48 

113.75 

129.62 

52 

48 

91.18 

111.70 

113.98 

119.86 

53 

47 

91.37 

111.93 

114.21 

120.11 

54 

46 

91.55 

112.15 

114.44 

120.35 

55 

45 

91.73 

112..37 

114.67 

120:59 

56 

44 

91.92 

112.60 

114.90 

120.83 

67 

43 

92.10 

112.82 

115.13 

121.07 

58 

42 

92.29 

113.05 

115.36 

121.31 

59 

41 

92.47 

113.28 

115.59 

121.65 

60 

40 

92.6.5 

113..50 

116.82 

121.79 

61 

30 

92.84 

113.73 

116 05 

122.04 

62 

38 

93.02 

113.05 

116.28 

122.28 

63 

37 

93.20 

114.17 

116.51 

122.52 

dd 

36 

93.30 

114.40 

116.74 

122.76 

65 

35 

93.57 

114.62 

116.06 

123.00 

66 

34 

93.76 

114.85 

117.10 

123.24 

67 

33 

03.94 

115.08 

117.42 

123.49 

68 

32 

04.12 

115.30 

117.65 

123.73 

69 

31 

94.31 

115.53 

117.88 

123.97 

70 

30 

04.40 

115.75 

118.11 

124.21 

71 

29 

94.67 

115.97 

118.34 

124.45 

72 

28 

94.86 

116.20 

118.57 

124.69 

73 

27 

95.04 

116.42 

118.80 

124.93 

74 

26 

05.22 

116.65 

119.03 

126.18 

75 

25* 

95.41 

116.88 

119.26 

125.42 

7(5 

24 

05.59 

117.10 

110.49 

125.66 

77 

23 

95.78 

117.33 

119.72 

125.90 

78 

22 

95.96 

117.55 

119.66 

126.14 

79 

21 

96.14 

117.77 

120.18 

126.38 

80 

20 

96.33 

118.00 

120.41 

126.62 

81 

19 

96.51 

118.22 

120.64 

126.86 

82 

18 

96.69 

118.45 

120.87 

127.11 

83 

17 

96.88 

118.68 

121.10 

127.35 

84 

10 

97.06 

118.90 

121.23 

127.59 

85 

15 

97.25 

110.13 

121.56 

127.83 

8(5 

14 

97.43 

110.36 

121.79 

128.07 

87 

13 

97.61 

119.67 

122.02 

128.31 

HH 

12 

97.80 

110.80 

122.25 

128.66 

89 

11 

97.98 

120.03 

122.48 

128.80 

90 

10 

98.16 

120.25 

122.70 

129.64 

91 

9 

08.35 

120.48 

122193 

129.28 

92 

8 

08.63 

120.70 

123.16 

120.52 

93 

7 

98.71 

120.92 

123.30 

129.76 

94 

6 

98.00 

121.15 

123.62 

130.00 

95 

5 

99.08 

121.37 

123.85 

130^25 

96 

4 

99.27 

121.60 

124.08 

130.40 

97 

3 

99.45 

121.83 

124.81 

180.78 

98 

2 

09.63 

122.05 

124.5C 
134.7r 

130.9f 

99 

1 

99.82 

122.28 

131.21 


100 0 





ACID Tables 


1529 


T^BIj; IXXXVI.—FUMIKG SIXFURIC ACID 



By C. 

WlNKi.ltR 



Specific 
Gravi#\' 
007GO* F, 

Total 

SO, 

(Fts. per 109) 

Free 

vSO,* 

^ Parts Contain 

60* M. 

H,SO« Acid 

1.8337 

1.8387 
1.8437 
1.8487 

1 .8537 

75.31 

77..38 

79.28 

80.01 , 
80.95 


92.25 

94.79 

97.11 

98.01 

99.16 

99.00 

90.09 

83.08 

80.10 

76.38 

1.8587 

81.84 

1.64 

98.46 

72.81 


82,12 

2.06 

97.34 

71.71 

1.008/ 

82.41 

4.28 

95.76 

70.6.3 

1.8737 

82.03 

5,44 

94.50 

69. 

1.8787 

82.81 

0,42 

93.58 

68.92 

1.8837 

82.97 

7.29 

92.71 

68.27 

1.8887 

83.13 

8.10 

91.91 

07.65 


83,1.3 

9.34 

90. (iO 

00.81 


83 48 

10.07 

89,93 

00.24 

1 .yo:hi 

8,3,57 

10.50 

89.44 

05.08 

1.9080 

83.73 

11.4.3 

88.67 

05.25 

1.9130 

84. OS 

13.33 

80.67 

03.84 

1 ,9180 

84..50 

15.9.5 

84.05 , 

62.10 

1.92.30 

85 00 

18.07 

81.33 

69.00 

1,9280 

8.5.57 

21.34 

78.60 

57.80 

1.9330 

8(>. 23 

25.0.5 

74.35 

56.21 

l,03S(i 

80,78 

28.03 

71.97 

53,00 

1.0430 

87.13 

29.94 

70.00 

51.00 

1.9180 

87.41 

.31 .40 

08.54 

50. 4S 

1.9630 

87.r..5 

32.77 

67.23 

49.52 

1.9.680 

88.22 

35.87 

04.13 

47.23 

1.9030 

88,92 

39.08 

00.32 

44.42 

1.9OH0 

89. .83 

44.04* 

55.30 

40.78 


♦ Auiouiil of Sf)j which may lie off. 


Degrees 

Specific 

C'.ravitv 

re#ceut. 

Degrees 

Specific 
Gravity 
60*/0()'’F, 

Per cent. 

iluuine 

<i0*/0U* F. 


PaumO 

HiSO, 

00 

I.7059 

77.07 

04 .'.4 

1.7957 

80.33 

01 

1.7202 

79.43 

04*^ 

1.8012 

87.04 

02 

1.7170 

81.30 

0)4 H 

1.8008 

87.81 

03 

1.7<iR3 

83. .34 

05 

1.8125 

88.66 

64 

1,7901 

85.00 

05?-i 

1.8182 

89.55 


€>GVj 1.8230 00.00 
oriJi 1.8207 01.80 
06 1.8364 03.19 


Sp. Gr. determinations were nuule ul OO" K., compared witli water at 00* F. • 

From the vSp. (jrs,, the corresfiondiny decrees Biium4 were calculated by the following 
formula: Bauin<5 =» 116— H.VSp ('.r. 


Ai.I.OW’AK(K FOH TKMI'RRATURBS 


At 10* Bo. correction of 0.029* 

B(?. or 0.00023 Sp. 

Gr. for every 1® F. 

'• 20* " 

“ 0 030* 

“ " 0.00034 '• 



1* F. 

3q6 .. 

" 0.035* 

“ " 0.(X)039 “ 



1* F. 

.. 40* .. 

“ 0,031* 

" " 0.00041 “ 



1* F, 

.. 5f)o .. 

" 0,028* 

" ” 0.00045 " 



1* F. 

" 60* " ■ '• 

'• 0 020* 

•' " 0.00053 '• 



1* P. 

“ 63® " 

■' 0.020* 

“ “ 0.00057 " 



1* F. 

.. ee* “ " 

" 0 0235* 

" “ 0.00054 “ 


'* 

1* P. 


For temperatures above 60* F., the correction is added to the observed indication; 
b#ow 60* P., subtracted. 

* Table ^6 wsa approved and adopted as a standard by the Manufacturing Cheni' 
ilts’ Association United States, June 23, 1904. 
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TSCHNOtOGY O? CBLLXJtOSS pSTERS 


^ TABLE LXXXVII.—SULFURIC ACID * * 

Dbnsity (Spscipic Gravity) op Aoueoua SoumoNS at t®/4® C. prom 0% to 100% HsS 04 , 
Th* Dbnsity at t®/16* C. is «alcui,atbd for Watbr op Dbnsity 1.000868 at 16® C. 
Domxb: Abh. Norni.*Eich.%Comm. 1004, S, 6. ZU. acorg. Cb. 6905', 48, 125 


Hfk)4 

0® 

6® 

10® 

16® 

20® 

26® 

30® 

40® 

50® 


0 

0.0990 

1.0000 

0.9907 

0.099U 0.9982 

0.9071 

0.9967 

0.0922 

o.ossS 

0.000 

1 

1.0075 

1.0073 

1.0069 

1.0061 

1.0051 

1.0038 

1.0022 

0.0986 

0.9944 

0.205 

2 

1.0147 

1.0144 

1.0138 

1.0129 

1.0118 

1.0104 

1.0087 

1.0050 

1.0006 

0.413 

3 

1.0210 

>1.0214 

1.0206 

1.0197 

1.018? 

1.0169 

1.0152 

1.0113 

1.0067 

0.624 

4 

1.0201 

1.02S4 

1.0275 

1.0264 

1.0250 

1.0234 

1.0216 

1.0176 

1.0129 

0.837 

6 

1.0364 

1.0355 

1.0344 

1.0332 

1.0317 

1.0300 

1.0281 

1.0240 

1.0192 

1.063 

6 

1.0437 

1.0426 

1.0414 

1.0400 

1.0384 

1.0367 

1.0347 

1.0305 

1.0250 

1.27# 

7 

1.061L 

1.0498 

1.0485 

1.0460 

1.0453 

1.0434 

1.0414 

1.0371 

1.0321 

1.494 

8 

1.0585 

1.0571, 

1.0566 

1.0539 

1.0522 

1.0502 

1.0482 

1.0437 

1.0386 

1.719 

9 

1.0660 

1.0044 

1.0628 

1.0610 

1.0501 

1.0571 

1.0549 

1.0503 

1.0451 

1.047 

10 

1.0735 

1.0718 

1.0700 

1.0681 

1.0661 

1.0640 

1.0617 

1.0570 

1.0617 

2.178 

11 

1.0810 

1.0792 

1.0773 

1.0753 

1.0731 

1.0709 

1.0686 

1.0637 

1.0684 

2.412 

12 

1.0886 

1.0866 

1.0840 

1.0825 

1.0803 

1.0780 

1.0766 

1.0705 

1.0651 

2.649 

13 

1.0962 

1.0042 

1.0020 

1.0898 

1.0874 

1.0851 

1.0826 

1.0774 

1.0719 

2.880 

14 

1.1030 

1.1017 

1.0904 

1.0971 

1.0947 

1.0922 

1.0897 

1.0844 

1.0788 

3.132 

16 

1.1110 

1.1003 

1.1060 

1.1046 

1.1020 

1.0994 

1.0068 

1.0914 

1.0867 

3.378 


1.1194 

1.1170 

1.1145 

1.1120 

1.1094 

1.1067 

1.1040 

1.0985 

1.0927 

3.628 

17 • 

1.1272 

1.1247 

1.1221 

1.1195 

1.1168 

1.1141 

1.1113 

1.1067 

1.0098 

3*881 

18 

1.1351 

1.1325 

1.1298 

1.1270 

1.1243 

1.1215 

1.1187 

1.1120 

1.1070 

4.137 

19 

1.1430 

1.1403 

1.1376 

1.1347 

1.1318 

1.1290 

1.1261 

1.1202 

1.1142 

4.396 

20 

1.1511 

1.1481 

1.1453 

1.1424 

1.1304* 

1.1365 

1.1335 

1.1276 

1.1215 

4.659 

y 

U1500 

1.1560 

1.1531 

1.1501 

• • 

1.1471 

1.1441 

1.1411 

1.1350 

1.1288 

4.925 

Ji 

1.1670 

1.1640 

t.l609 

1.1579 

1.1548 

1.1517 

1.1486 

1.1424 

1.1362 

5.194 

23 

1.1761 

1.1720 

1.1688 

1.1657 

1.1626 

1.1594 

1.1563 

1.1500 

1.1437 

6.467 

24 

1.1832 

1.1800 

1.1768 

1.1736 

1.1704 

1.1672 

1.1640 

1.1576 

1.1512 

6.744 

25 

1.1014 

1.1881 

1.1848 

1.1816 

1.1783 

1.1751 

1.1718 

1.1653 

1.1588 

6.024 

26 

1.1996 

1.1962 

1.1929 

1.^896 

1.1863 

1.1829 

1.1796 

1.1730 

1.1665 

6.307 

27 

1.2078 

1.2044 

1.2010 

1.1070 

1.1942 

1.1900 

1.1875 

1.1808 

1.1742 

6.504 

28 

1.2161 

1.2126 

1.2001 

1.2057 

1.2023 

1.1989 

1.1955 

1 1887 

1.1820 

6.884 

20 

1.2243 

1.2208 

1.2173 

1.2138 

1.2104 

1.2060 

1.2035 

1.1960 

1.1898 

7.178 

30 

1.2320 

1.2291 

1.2255 

1.2220 

1.2185 

1.2150 

1.2115 

1.2046 

1.1978 

7.476 

31 

1.2410 

1.2374 

1.2338 

1.2302 

1.2267 

1.2232 

1.2196 

1.2127 

1.2057 

7.777 

32 

1.2403 

1.2457 

1.2421 

1.2385 

1.2349 

1.2314 

1.2278 

1.2207 

1.2137 

8.082 

33 

1.2577 

1.2541 

1.2504 

1.2468 

1.24.32 

1.2306 

1.2360 

1.2289 

1.2219 

8.390 

84 

1.2661 

1.2625 

1.2588 

1.2552 

1.2515 

1.2479 

1.2443 

1.2371 

1.2300 

8.702 

36 

1.2746 

1.2709 

1.2G72 

1.2636 

1.2599 

1.2563 

1.2527 

1.2454 

1.2383 

9.018 

36 

1.2831 

1.2794 

1.2767 

1.2720 

1.2684 

1.2647 

1.2610 

1.2538 

1.2466 

0.338 

37 

1.2917 

1.2880 

1.2843 

L2806 

1.2769 

1.2732 

1.2695 

1.2622 

1.2540 

0.662 

38 

1.3004 

1.2966 

1.2929 

1.2891 

1.2854 

1.2817 

1.2780 

1.2707 

1.2634 

9.989 

,30 

1.3091 

1.3053 

1.3016 

1.2978 

1.2941 

1.2904 

1.2866 

1.2793 

1.2719 

10.322 

•40 

1.3170 

1.3141 

1.3103 

1.3066 

1.3028 

1.2991 

1.2653 

1.2879 

1.2806 

10.657 

41 • 

1.3207 

1.3226 

1.3191 

1.3153 

1.3116 

1.3078 

1.3041 

1.2967 

1.2893 

10.997 

42 

1.3367 

1.3318 

1.3280 

1.3242 

1.3204 

1.3167 

1.3129 

1.3055 

1.2981 

11.341 

43 

1.3447 

1.3408 

1.3370 

1.3382 

1.3294 

1.3256 

1.3218 

1.3144 

1.3070 

11.690 

44 

1.3538 

1.3600 

1.3461 

1.3423 

1.3384 

1.3346 

1.3309 

1.3234 

1.3160 

12.043 

45 ® 

1.3631 

1.3592 

1.3553 

1.3614 

1.3476 

1.3438 

1.3400 

1.3325 

1.3250 

12.401 

46 • 

1.3724 

1.3686 

1.3648 

1.3607 

1.3569 

1.3530 

1.3492 

1.3417 

1.3342 

12.764* 

47 

1.3819 

1.3779 

1.3740 

1.3701 

1.3663 

1.3624 

1.3586 

1.3510 

1.3435’ 

13.131 

48e 

9.8915 

1.8875 

1.3836 

1.3796 

1.3767 

1.3719 

1.3660 

1.3604 

1.3528 

13.604 

49 

1.4012 

1.3972 

1.3932 

1.3893 

1.3853 

1.3814 

1.3776 

1.3699 

1.3623 

13.881 

60 

1.4110 

1.4070 

1.4030 

1.3990 

1.3951 

1.3911 

1.3872 

1.3795 

1.3719 

14.264 

61 

f.4209 

1.4169 

1.4128 

1.4088 

1.4049 

1.4009 

1.3970 

1.3893 

1.3816 

14.65*2 

52 

1.431^ 

1.4269 

1.4228 

1.4188 

1.4148 

1.4109 

1.4069 

1.3991 

1.3914 

16.045 

53 

1.4411 

1.4370 

1.4330 

1.4280 

1.4249 

1.4209 

1.4169 

1.4091 

1.4013 

15.443_ 

54 

1.4514 

1.4473 

1.4432 

1.4391 

1.4350 

1.4310 

1.4270 

1.4101 

1.4113 

46.84d* 

55 

1.4618 

1.4577 

1.4536 

1.4494 

1.4453 

1.4412 

1.4372 

1.4293 

1.4214 

16.256 


«> •• molecular equivalent or normality of sulfuric add solution at 16® C. (1 equivalent V 49.0i 
grams of HiSOt per liter), corresponding to the percentage figures in tbe column onitbe extrenu 
Idt. wbicb b tbe g. <4 HiSO« it ICW g. of solutlim. 
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H 2 SO 4 

50 

67 

68 

69 
60 

61 

(12 

63 

64 

66 

67 

68 

70 

71 ‘ 

72 

73 

74 

75 

70 • 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 


TABLK LXXXVII. 


O” 

5* 

10* 

15* 

20“ 

1.4724 

1.4081 

1.4640 

1.4508 

1.4567 

1.48.30 

1.4787 

1.4745 

1.4703 

1.4002 

1.4937 

1.4894 

1.4851 

1.4809 

1.4707 

11^045 

1,5002 

1,4959 

1.4910 

1.4874 

1.5164 

1.5111 

1.5007 

1.5024 

1.4982 

I.5204 

1.5220 

1.5177 

1.5133 

1,.5001 

1,5370 

1.5331 

1. .5287 

1.5213 

1.5200 

1.5487 

1.5442 

1.5398 

1.5354 

1 .5310 

1.5600 

1.5555 

1.5510 

1.5405 

1 5421 

1.5713 

1.5008 

I. .5622 

1.5.578 

1.5533 

1..5828 

1 - 5782 

1,57361 

1..5601 

1.56)16) 

1.5913 

1,5896» 

1 ,5850 

1..5805 

1.5700 

1.6058 

1 .(W)t2 

1.5965 

1.5919 

1 . .5874 

1.0175 

1.012S 

I.tKlSl 

1.0035 

1.5989 

1.0293 

1.0245 

1.6198 

1.0151 

1.0105 

1.0111 

1.0303 

1.6315 

1,6268 

1.6221 

1.0529 

1 .0481 

1.0133 

l.«;385 

1,6339 

1.0019 

1.6600 

1.6.551 

1.6503 

1 .<>456 

1.0708 

1.0719 

1.6070 

1 ,61)22 

1.6.574 

1.6888 

1.0838 

1 .6789 

1,6740 

1.0692 

1.7008 

1.6958 

1.0908 

1.68.58 

1.6810 

1.7127 

1.7077 

1.7020 

1.0970 

1.0927 

1.7247 

1.7195 

1.7144 

1.7093 

J.7013 

1.73G5 

1.7313 

1.72«il 

1.7209 

1.7159 

1.7182 

1.7429 

1,7370 

1.7324 

1.72r» 

1 ,7.597 

1.7542 

I.7489 

1.7435 

1.7383 

1,7709 

1.7«>54 

1.7599 

1.7544 

1.7491 

1.7810 

1.7759 

1.7704 

1.7649 

1.7594 

1.7916 

1.7800 

1.7804 

1 .7748 

1.7(i93 

1.8009 

1.7953 

1.7897 

1.7841 

1.7780 

!,8095 

I.8039 

1.7983 

1.7027 

1.7872 

1.8173 

1.8117 

1.8061 

1 ..8006 

1.7951 

1.8243 

1.8187 

1.81.32 

1.8077 

1.8022 

1 8306 

1.82.50 

1.8195 

1,8111 

1.8087 

1.8361 

1.8300 

1.8252 

llfclOS 

1.8144 


(Condvdtd) 


25“ • 

30“ 

40“ 

60“ 

N< 

I.45lf 

1.4475 

1.4.395 

1.4317 

16.670 

1.4020 

1.4580 

1.4499 

1.4420 

17.000 

1 4720 

1.4085 

1.4«»4 

1.4524 

17.516 

1.4832 

1,4701 

1.4700 

1.4029 

17.046 

1.4940 

1.4898 

].4810 

1.4735 

18.382 

1.5018 

I. ftOOO 

1.4923 

1.4842 

18.824 

1.51.57 

1.5115 

1.5031 

1.4049 

19.272 

1.526.7 

1 . .5224 

1.5140 

1.5058 

19.728 

1,5378 

1 .53.35 

1.5250 

1.5107 

20.183 

1.5490 

1.5140 

1.5:101 

1.3277 

20.047 

1.5002 

1.5.558 

1.5472 

1*5388 

21.117 

1,5715 

1.5071 

1.5.584 

1.54911 

21.503 

1.5829 

1,5784 

1.5(597 

1.501L 

22 076 

1.5914 

1,5899 

1.58U 

1 5725 

22.562 

1.0059 

1.0014 

1.5925 

1.6838 

23.054 

1.6) 17 5 

1,0130 

1 .omo 

1.6952 

23.653 

1.0292 

1.6210 

1.0150 

1.0007 

24.057 

1.0409 

1.0303 

1.0271 

1.0182 

24.567 

1 .6.520 

:.0480 

1.0387 

1.0297 

25.082 

1.0044 

1.0597 

1.0.503 

1.0412 

25.^2 

1.0701 

1.6)713 

1*06)19 

1.0520 

20.126 

1.0878 

1,0820 

1.0734 

1.0040 

20.055 

1.0094 

1.0944 

1.0847 

1.0751 

27.188 

1.7108 

1.70.58 

1.0959 

1.0802 

27.724 

1.722r 

1.7170 

1.7009 

1.0971 

2^201 

1.7331 

1,7279 

1.7177 

1.7077 

28,7^0 

1.7437 

1.7385 

1.7281 

1.7180 

29.338 

1.7540 

1.7487 

1.7382 

1.7279 

29,871 

1.7039 

1.758.5 

1,7179 

1.7375 

30.401 

1.7732 

1.7078 

1.7.571 

1.7400 

30.924 

• 

1.7818 

1.7703 

1,7057 

1.7562 

31.438 

1.7897 

1.7843 

1.7730 

1.7032 

31.943 

1.7908 

1.7915 

1.7809 

1.7706 

32.438 

1.8033 

1.7979 

1.7874 

1.7770 

32.920 

1.8001 

1.8038 

1.7933 

1.7829 

33.397 


91 

92 

93 

94 

95 

96 

97 

98 
90 

100 


1.8410 
1.8453 
1.8490 
I.8520 
1.8544 


1. 8 . 351 ; 
1.8399 
1.8437 
I.8467 
1.8491 


1.8302 
1.8340 
1.8384 
1.8415 
1.8439 


1.8248 
1.8293 
1.8331 
1.8303 
1.8388 


1.8195 
1 .8240 
1 .8279 
1.8312 
J . 8337 


1.8142 
1.8188 
1.8227 
1.82M) 
1.8280 


1.8090 
1.8130 
1.8170 
1.8210 
1.8230 


1.7986 
1.80.33 
1.8074 
1.8110 
1.8137 


1.7883 
I.7932 
1.7974 
1.80U 
1.8(H0 


33.802 

84.318 

84.704 

36.199 

86.022 


iS i;E ill iE is iS if \s ii 11 

( 1 ;S ( 1 ;SJo) d'.S) (i'-Siw d'.S) d.sfow dllo?) d.sou) (37,433) 

Kra”L"or?llsdrpc?'lue“r^orre”rond!;.'^o;i:jd>«^ 

feft, which i‘s the Ktams ot II„SO, id 100 Branis ol solut.on. 
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TECHNOLOGY 0? CELLULOSE ESTERS 




TABLE LXXXVttl.—SULFURIC ACID iConcludedli 




0” B4. 100% HiSO. 



Degrees 

Per cent. 

Percent. 

Lb. 60® in 

Per cent. Lb. 50® in 

Baum^ 

HjS04 

60^ 

1 Cu. Ft. 

SO” B< PCti. Ft. 

40 


61.93 

53.34 

77.36 

66.63 

41 


63.69 

66.39 

70.59 

69.19 

42 


05.50 

67.60 

81.81 

71.83 

43 


67.28 

59.66 

84.05 

74.63 

44 


69.00 

6U86 

86.30 

77.27 

4S ‘ 


70.90 

64.12 

88.68 

80.10 

46 * 


72.72 

66.43 

90.83 

82.98 

47 


74.55 

68.79 

93.12 

85.93 

48 


76.37 

71.20 

96.40 

88.94 

49 


78.22 

73.08 

97.70 

92.03 

50 • 


80.00 

70.21 

100.00 

95.20 

51 


81.96 

78.85 

102.38 

98.50 

62 


83.86 

81.54 

104.74 

101.85 

53 


85.79 

84.33 

107.16 

106.33 

64 


87.72 

87.17 

109.67 

108.89 

65 


89.67 

90.10 

112.01 

112.65 

60 


91.63 

93.11 

114.40 

116.30 

67 


93.67 

96.26 

117.00 

120.24 

68 


96.74 

99.52 

110.69 

124.31 

59 


97.84 

102.89 

122.21 

128.52 

60 


100.00 

106.40 

124.01 

132.91 

61 


102.27 

110.10 

127.74 

137.62 

62 


104.67 

114.06 

130.75 

142.47 

63 


107.30 

118.34 

134.03 

147.82 

64 


110.29 

123 .i4 

137.76 

153.81 

64K 


111.15 

124.49 

138.84 

156.50 

64H 


112.06 

•125.89 

139.98 

157.26 

mh 


113.05 

127.40 

141.22 

159.14 

65 


114.14 

120.03 

142.67 

161.17 

05 M 


115.30 

130.75 

144.02 

163.32 

65 


116.65 

132.70 

145.71 

165.76 

05H 


118.10 

134.88 

147.63 

168.48 

60 


119.98 

137.34 

149.87 

171.56 


94.00 

121J02 

138.74 

161.17 

173.30 


96.00 

122.31 

140.41 

152.78 

175.39 


96.00 

123.60 

142.05 

154.30 

177.44 


97.00 

124.89 

143.61 

156.00 

179.38 


98.00 

126.17 

145.08 

^ 157.61 

181.24 


99.00 

126.46 

145.32 

• 159.22 

182.96 


100.00 

128.75 

147.08 

160.82 

184.46 


Allowance 

FOR TSUPRRATURS 


Strength 

Per Degree Fahrenheit 

Per Degree Centigrade 

10® B4. 

0.029® 

B4. 0.00023 sp. gr. 

0.052® Bd. 

0.00041 sp. gr. 

20® B6. 

0.036® 

H4. 0.00034 sp. gr. 

0.065® Bd. 

0.00061 sp. gr. 

30® B4. 

0.036® 

B6. 0.00039 sp.gr. 

0.063* Bd. 

0.00070 sp. gr. 

40" B6. 

0.031® 

B6. 0.00041 sp. gr. 

0.056® Bd. 

0.00Q74 sp. gr. 

• 60® B4. 

0.028® 

Bd. 0.00045 sp.gr. 

0.060® Bd. 

0.00081 sp. gr. 

60® B4. 

0.026* 

Bd. 0.00053 sp. gr. 

0.047® Bd. 

0.00095 sp. gr. 

63® a6. 

0.026® 

Bd. 0.00057 sp. gr. 

0.047* Bd. 

0.00103 sp. gr. 

66® m. 

0.0235 

“Bd. 0.00054 sp. gr. 

0.042® Bd. 

0.00097 SP. gr. 

94% H 1 SO 4 


... 0.00064 sp. gr. 


0.00097 sp. gr. 

06% HiSOi 


0.0006;j sp. gr. 


0.00096 sp. gr. 

97 J% H 4 SO 4 


0.00052 sp. gr. 


0.00094 sp. gr. 

100% HtSO* 


... 0.00052 sp.gr. 


0.00094 sp. gr. 


Approximats Boilxno Points 
Degrees Baum6 Boiling Point 



®P. 

®C. 

60 

296 

146.1 

60 

386 

106.7 

61 

400 

204.4 

62 

416 

212.8 

63 

432 

222.2 

64 

461 

232.8 

65 

485 

261.6 

66 

638 

281.1 
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TABLK LXXXIX.-SUI.KUR1C ACID 


By G. LiJNGTt 





(Zts. ang. Cl 

specific 

100 rf*arts by 



Gravity 
, 1574^^ 

Weight 

Correspond lo 

1 Liter 
Contains 

in V^cuo 

% 

% 

Grams 


SOj 

. n,so4 

SO, 


1.000 

0.07 

0.09 

1 

1 

1.005 

0.68 

0.83 

7 


1.010 

1.28 

1.57 

13 

16 

1-015 

1.88 

2.30 

19 

23 

1.020 

2.47 

3.03 

25 

31 

1.025 

3.07 

3.76 

32 

39 

1.030 

3.67 

4.49 

38 

46 

1.035 

4.27 

5.23 

44 

54 

1.040 

4.87 

5.96 

61 

62 

1.046 

5.45 

6.67 

57 

71 

1.0.50 

6.02 

7.37 

63 

77 

1.055 

6.50 

8.07 

70 

85 

1.060 

7.16 

8.77 

7(5 

03 

1.065 

7.73 

9.47 

82 

102 

1.070 

8.32 

10.19 

89 

109 

1.075 

8.90 

10.90 

96 

117 

1.080 

0.47 

11.60 

103 

12.5 

1.085 

10.04 

12.80 

109 

133 

1.000 

10.60 

12.09 

116 

142 

1.005 

11.16 

13.67 

123 

1,50 

1.100 

11.71 

14.35 

129 

168 

1.105 

12.27 

16.03 

1.36 

1^ 

1.110 

12.82 

15.71 

143 

175 

1.115 

13.36 

16.36 

149 

183 

1.120 

13.89 

17.01 

156 

191 

1.125 

14.42 

17.66 

162 

190 

1.130 

14.95 

18.31 

169 

207 

1.135 

15.48 

18.00 

170 

215 

1.140 

16.01 

19.61 

183 

223 

1.145 

16.54 

20.26 

189 

2.31 

1.150 

17.07 

20.01 

196 

2.39 

1.155 

17.59 

21.65 

203 

248 

1.160 

18.11 

22.19 

210 

257 

1.105 

18.64 

22.83 

217 

266 

1.170 

10.16 

23.47 . 

2»1 

275 

1.175 

10.69 

24.12 

231 

28.3 

1.180 

20.21 

24.76 

238 

292 

1.18.5 

10.73 

25.40 

246 

301 

1.100 

21.26 

26.04 

2.53 

310 

1.105 

21.78 

26.68 

260 

319 

1.200 

22.30 

27.32 

268 

328 

1.205 

22.82 

27.95 

275 

337 

1.210 

23.33 

28.58 

282 

346 

1.215 

23.84 

29.21 

290 

.3.55 

1.220 

24.36 

29.84 

297 

.364 

1.225 

24.88 

,30.48 • 

305 

373 

1.230 

25.39 

31.11 

312 

382 

1.235 

25.88 

31.70 

320 

391 

1.240 

26.35 

32.28 

327 

400 

1.245 

26.83 

32.86 

3.34 

409 

1.250 

27.29 

33.43 

.341 

418 

1.2,55 

27.76 

34.00 

348 

426 

X. 260 

28.22 

34.57 

3.56 

4.35 

1 J265 

28.69 

35.14 

363 

444 

i:^70 

29.15 

35.71 

370 

4.54 

1.275 

29.62 

36.29 

377 

462 

1.280 

30.10 

36.87 

385 

472 

1.285 

30.57 

37.45 

393 

481 

1.200 

31.04 

38.03 

400 

400 

1.205 

31.52 

38.61 

408 

500 

1.300 

31.90 

39.19 

416 

610 

1.305 

32.46 

39.77 

424 

510 

>1.310 

32.94 

40.35 

432 

529 

1.315 

33.41 

40.93 

439 

538 

1.320 > 

33.88 

41.50 

447 

548 

^ 1.325 

34.35 

42.08 

455 

657 

l.«30 

34.80 

42.66 

462 

667 

1.335 

36.27 

43.20 

471 

677 

1.840 

36.71 

43.74 

479 

566 

i 


} > 




M. IsLKIt 


isno, 3.<33) 




SpcciiR 

100 Parts I.V 



Gnivity 

WriKht ■ 

1 Liter 

J .5 y4 ® 

Correspond lo 

Contaui.<i 

in V’acuo 


% 

Grams 


SG, 

11,804 

SO, 

H,SO, 

1.315 

36.14 

44.28 

486 

596 

1.350 

36.58 

44.82 

494 

605 

1.355 

37.02 

45.35 

fl02 

614 

1.369 

37.45 

45.88 

500 

624 

1.36,5 

37.89 

46.41 

617 

633 

1.370 

38.32 

46.94 

525 

643 

1.37.5 

38.75 

47,47 

,633 

653 

1.380 

39.18 

48.00 

641 

662 

1.385* 

39.62 

48.53 

549 

672 

1.300 

40.06 

40.06 

567 

682 

1.39.5 

40.48 

49.59 

564 

692 

1.4(H) 

40.91 

60.11 

573 

702 

1.405 

41.33 

50.63 

681 

711 

1.410 

41.76 

61.15 

580 

721 

1.415 

42.17 

51.66 

507 

730 

1.420 

42 57 

52.15 

004 

740 

1.42.5 
1.4.30 

42.96 

43.36 

62.63 

^3.11 

612 

620 


1 .436 

43.75 

63.59 

628 

760 

1.440 

44.14 

54.07 

630 

770 

1.445 

44.53 

54.55 

043 

789 

1.450 

44.92 

55.03 

651 

708 

1.4.5.5 

45.31 

55.50 

650 

8fll8 

1.460 

45.60 

55.97 

66T» 

1.4().5 

46.07 

66.43 

675 

827 

1.470 

46.45 

66.00 

683 

837 

1.475 

46.83 

67.37 

691 

846 

1.480 

47.21 

67.83 

699 

850 

1.485 

47.57 

68.28 

707 

805 

1.490 

47.95 

58.74 

715 

870 

1.405 

48.34 

59.22 

723 

885 

1..500 

48.73 

69.70 

731 

806 

1.506 

49.12 

60.18 

739 

900 

1.510 

40.61 

60,66 

748 

916 

1.515 

49.89 

01,12 

756 

026 

1.520 

50.28 

61.69 

764 

036 

1. .52.5 

,50.66 

62.06 

773 

046 

1.530 

51.04 

62.63 

781 

957 

1.535 

51.43 

63.00 

789 

907 

1. .540 

51.78 

63.43 

707 

977 

1.545 

52.12 

63.86 

805 

987 

1.550 

52.46 

64.26 

813 

990 

1 .,5.55 

52.79 

64,67 

821 

1000 

1. .560 

53.12 

65.08 

829 

1015 

1.565 

53.40 

6.5.49 

837 

1025 

1.670 

53.80 

65.90 

845 

1035 

1.575 

54.13 

66..30 

853 

1044 

1.680 

64.46 

66.71 

861 

3D54 

1.585 

5-1.80 

67.13 

860 

1004 

1.500 

65.18 

67.69 

877 

1075 

1.595 

55.55 

68.06 

886 

1085 

1090 

1.600 

55.93 

68.51 

800 

1.006 

56.30 

68.97 

004 

1107 

1.610 

56.68 

60.43 

913 

ins 

1.615 

57.05 

69.89 

921 

1128 

1.620 

67.40 

70.32 

030* 11341 

1.625 

57.75 

70 74 

938 

1150 

1.6.30 

58.09 

71.16 

947 

1100 

1.635 

58.43 

71.67 

965. 

1170 

1.640 

58.77 

71.09 

064* 

1181 

1.646 

59.10 

72.40 

•972 

1192 

1.650 

59.45 

72.82 

081 

1202 

1.655 

59.78 

73.23 

089 

1212 

1.660 

60.11 

73.64 

008 

1222 

1.665 

60.46 

74.07 

1007 

1238 

1.670 

60.82 

74.51 

1016 

1244 

1.675 

61.20 

74.07 

1025 

1250 

1.680 

6f.67 

75.42 

1034 

1207 

1^ 

61. J3 

75.86 

1043 

1278 
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• TABLE LXXXIX. {Concludtd) • 


Sjieeific 

100 Parts by 



Specific 

100 Parts by 



Oravity 

I5®/4^ 

Weight 

Correspond to 

l*Uter 

CoilMns 

Gravity 

15®/4* 

Weight 
CorKspOttd tfi 

1 Liter 
Contains 

in Vacuo 

% 

% 

Grams. 

in Vacuo 

% 

% 

Grams. 

SOs 

H»SO« 

SOt 

H,SO« 


SOi 

HiSOi 

SOt 

HtS04 

1.690 

62.29 

76,30 

1053 

1289 

1.822 

73.80 

90.40 

1345 

V47 

1.695 

62.64 

76,73 

1062 

1301 

1.823 

73.96 

90.60 

1348 

1651 

1.700 

63.00 

77.17 

1071 

1312 

1.824 

74.12 

90.80 

1352 

1656 

1.706 

63.36 

77.60 

1080 

1323 

,1.825 

74.29 

91.00 

1356 

1661 

1.710 

63 .Vo 

78.04 

1089 

1334 

1.826 

74.49 

91.25 

1360 

1666 

1.715 

• 64.07 

78.48 

1099 

1346 

1.827 

74.69 

91.60 

1364 

1671 

1.720 

64.43 

78.92 

1108 

1367 

1.828 

74.86 

91.70 

1368 

1678 

1.726 

64.78 

79.36 

1118 

1369 

1.829 

75.03 

91.90 

1372 

1681 

1.730 

65.14 

70.80 

1127 

1381 

1.830 

76.19 

92.10 

1376 

1685 

1.736 

(65.50 

80.24 

1136 

1392 

1.831 

75.35 

92.30 

1380 

1690 

1.740 

65.86 

80.68 

1146 

1404 

1.832 

76.53 

02.52 

1384 

1696 

1.746 

66.22 

81.12 

1166 

1416 

1.833 

76.72 

92.75 

1388 

1700 

1.760 

66.58 

81.56 

1105 

1427 

1.834 

75.96 

93.06 

1393 

1706 

1.766 

66.94 

82.00 

1175 

1439 

1.835 

76.27 

93.43 

1400 

1713 

1.760 

67.30 

82.44 

1185 

1451 

1.836 

70.57 

93.80 

1405 

1722 

1.766 

67.65 

82.88 

1194 

1463 

1.8.37 

76.90 

94.20 

1412 

1730 

1.770 

68.02 

83.32 

1204 

1475 

1.838 

77.23 

94.60 

1419 

1739 

1.776 

68.49 

83.90 

1216 

1489 

1.830 

77.66 

95.00 

1426 

1748 

1.7S0 

68.98 

84.50 

1228 

1504 

1.840 

78.04 

95.60 

1436 

1769 

^.785 

*^.790 

69.47 

86.10 

1240 

1519 

1.8405 

78.33 

95.96 

1441 

1766 

69.96 

M.70 

1252 

1534 

1.8410 

79.19 

97,00 

1458 

1786 

1.796 

70.46 

86.30 

1265 

1540 

1.8415 

70.76 

97.70 

1460 

1799 

1.800 

70.94 

86.90 

1277 

1564 

1.8410 

80.16 

98.20 

1476 

1808 

1.805 

71.50 

87.60 

1291 

1581 

1.8406 

80.57 

98.70 

1483 

1816 

1.810 

72.08 

88.30 

130.5 

1598 

r8400 

80.98 

00.20 

1490 

1826 

V815 

72.69 

89.05 

1319 

1621 

• • 1.8,395 

81.18 

09.45 

1494 

1830 

/•T.820i 

73.51 

90.05 

1338 

1639 

1.8390 

81.39 

99.70 

1497 

1834 

1.821 

73.63 

90.20 

1341 

1643 

1.8385 

81.59 

99.95 

1600 

1838 


TABLE XC.—TEMPERATtJRE CORRECTIONS TO PER CENT. OP SULFUR! 
ACID DETERMINED BY HYDROMETER (STANDARD AT 20® C.) 


(Calculated from the same data » the preceding table, assuming Jena lfi'“ glass 
the material used. The table shoAd he used with caution, and only for approxima 
results when the temperature differs much from the standard temperature or from tl 
temperature of the surrounding air.) 

Temperature in Degrees Centigrade 


Observed 
Per cent. 
HfS04 


10 


15 


Subtract from Observed 
Per cent. 


26 


30 


40 


45 50 55 


Add to Observed Per cent. 


0 





0.16 

0.35 

0.69 

0.86 

1.17 

1.6 

1.9 

2 

5 

0.59 

0.49 

0.36 

0.20 

0.24 

0.60 

0.79 

1.11 

1.45 

1.8 

2.2 

2 

10 

0.92 

0.72 

0.61 

0.27 

0.29 

0.60 

0.03 

1.28 

1.66 

2.0 

2.4 

2 

20 

1.39 

1.06 

0.72 

0.36 

0..37 

0.75 

1.14 

1.63 

1.93 

2.3 

2.7 

3 

30 

1.64 

1.23 

0.82 

0.41 

0.41 

0.82 

1.24 

1.66 

2.07 

2.5 

2.9 

3 

40 

1.66 

1.24 

0.82 

0.41 

0.41 

0.82 

1.22 

1.62 

2.03 

2.4 

2.8 

8 

50 

1.56 

1.17 

0.78 

0.39 

0.38 

0.77 

1.15 

1.62 

1.90 

2.3 


3 

60 

1.52 

1.14 

0.76 

0.38 

0.37 

0.74 

1.11 

1.48 

1.84 

2.2 

2.6 

2 

76 

1.54 

1.15 

0.76 

0.38 

0.38 

0.76 

1.13 

1.60 

1.86 

2.2 

2.6 

3 

80 

1.72 

1.30 

0.87 

0.44 

0.45 

0.90 

1.36 

1.83 

2.31 

2.8 

3.3 

3 

81 

1.76 

1.34 

0.92 

0.44 

0.47 

0.93 

1.42 

1.93 

2.44 

3.0 

3.5 

4 

•82 

£3 

1.84 

1.41 

0.96 

0.47 

0.50 

1.00 

1.51 

2.04 

2.68 

3.1 

SE7 

4 

1.04 

1.48 

1,00 

0.50 

0.63 

1.00 

1.59 

2.18 

2.78 

3.4 

4.0 

4 

M 

2.05 

1.67 

1.06 

0.53 

0.65 

1.12 

1.74 

2.86 

3.0 

3.7 

4.4, 

5 

86 

2.20 

1.07 

1.13 

0.67 

0.61 

1.23 

1.88 

2.57 

3.3 

4.0 

4.9 

5 

86 

2.36 

1.80 

1.22 

0.62 

0.66 

1.35 

2.08 

2.84 

3.7 

4.6 

5.5 


87 

2.54 

1.95 

1.32 

0.67 

0.73 

1.50 

2.31 

3.2 

4.1 

5.2 



88 ^ 

2.75 

2.12 

1.44 

0.74 

0.81 

1.67 

2.50 

3.6 

4.7 

6.0 

... 


89 * 

8.01 

2.31 

1.58 

0.82 

0.80 

1.86 

2.91 

4.1 

5.6 




90 

6.27 

2.58 

1.73 

0.01 

0.99 

2.10 

8.4 

4.9 

.... 


... 


91 

3.57 

2.78 

1.03 

1.01 

1.13 

2.44 

4.1 





.4 

92 

3.91 

3.06 

2.13 

1.12 

1.82 

3.00 







93 

4.29 

3.38 

2.87 

1.26 

1.64 








04 

4.75 

3.77 

2.60 

1.46 









95 

5.29 

^.26 

3.13 

1.76 









06 

S.86 

4.88 

3.65 

2.19, 





.... 


... 


ov 

H 7A 

K.M 

fl.49 

8 on ' 




. 


.... 


. 
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table xci—showing the influence op temperature on thb 

SPECIFIC GRAVITY OF SULFURIC ACID 


Specific gravity at under /, ebanges in specific gravity at the tempe/alure t 

a 

/. 

t. 

/. 

f. 

1 . 

1 . 

t. 


0® 

10* 

20* 

30* 

40* 

60* 

60* 

l.g40 

^-0.015 

+0.005 

—4).005 

—0.016 

-0.025 

—0.034 • 

—0.044 

1.820 

16 

5 

5 

16 

26 

37 

47 

1.800 

17 

5 

6 

16 

27 

37 

47 

1.780 

17 

5 

6 

16 

27 

37 

47 

tt.760 

16 

5 

5 

16 

26 

36 

47 

1.740 

16 

5 

5 

15 

25 

36 

46 

1.720 

15 

5 

5 

15 

25 

35 

44 

1.700 

15 

5 

5 

14 

24 

33 

43 

1.080 

15 

5 

6 

14 

24 

33 

42 

1.660 

14 

5 

5 

14 

23 

32 

41 

s1.040 

14 

5 

4 

14 

23 

ft 32 


1.620 

14 

4 

4 

14 

22 

31 

40** 

1.600 

14 

4 

4 

13 

22 

31 

30 

1.580 

14 

4 

*4 

13 

22 

30 

30 

1.560 

13 

4 

•4 

13 

21 

30 

38 

1.640 

1.620 

13 

13 

4 

4 

4 

4 

•• 13 

13 

21 

21 

30 

20 


1.500 

13 

4 

4 

12 

21 

20 

37 

1.480 

13 

4 

4 

12 

20 

28 

36 

1.460 

12 

4 

4 

12 

20 

28 

36 

1.440 

12 

4 

4 

12 

20 

28 

35 

1.420 

12 

4 

4 

12 

10 

27 

36 

1.400 

12 

4 

4 


10 

27 

34 

1.380 

12 

4 

4 

11 

10 

27 

34 

1.300 

11 

4 

4 

11 

10 

26 

34 

1.340 

11 

4 

4 

11 

10 

26 

33 

1.320 

11 

3 

^ 4 

11 

18 

26 

33 

1.300 

11 

3 

* 3 

11 

18 

26 

33 

1.280 

n 

3 

3 

11 

18 

25 

33 

1.260 

11 

3 

3 

11 

18 

26 

33 

1.240 

11 

3 

3 

10 

18 

24 

32 

1.220 

10 

3 

3 

10 

17 

24 

31 

1 200 

10 

3 

3 

10 

17 

23 

80 

1.180 

1 160 

10 

0 

3 

3 

3 

3 

10 

0 

16 

16 

23 

22 

20 

28 

i!140 

1 120 

8 

8 

3 

2 

3 

2 

8 

8 

14 

14 

20 

10 

37 

34 

i!ioo 

1.080 

1.060 

1.040 

1.020 

1.010 

7 

6 

5 

3 

2 

2 

2 

2 

2 

1 

2 

2 

2 

1 

1 

7 

7 

6 

6 

4 

4 

13 

12 

10 

0 

8 

7 

18 

17 
16 
14 

18 

12 

23 

20 

21 

•26 

18 

17* 
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TABUS XCIH—THK THISRMAL I'R^tlMSRTJlSS OF SULFURIC AClp AND 
* WATISR MIXTURKS 


40 

41 

42 
^3 

44 

45 
4() 

47 

48 
•49 

50 

51 

52 

sii 

54 

55 
50 

57 

58 

59 
()0 
01 
02 

.63 

04 

C5 

66 

07 

08 

09 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 




VI. 

Heat 

of Total b'vnporation, l>eKrecs 

C. 

20* 

40® 

60® 

SO® 

100® 

120® 

HO® 

160® 

180® 

200® 

1337 

1333 

1330 

1320 

1321 

1315 

1307 

1300 

1288 

1273 

1294 

1292 

1289 

1286 

1283 

1280 

1273 

1207 

1251 

1237 

1255 

1254 

1252 

1250 

1247 

124 4 

1238 

1233 

1219 

1207 

1218 

12IM 

1210 

1214 

1212 

1209 

12(»4 

1190 

1187 

1170 

list 

list 

11S2 

llSl 

1179 

1177 

1173 

1109 

1158 

1149 

1151 

1152 

1151 

115t) 

114H 

1140 

1 H3 

1140 

1131 

1121 

U21 

1122 

1122 

1121 

1 120 

1119 

1117 

nil 

1107 

uoo 

1090 

1092 

10t*2 

1092 

11192 

1091 

1090 

1088 

1083 

1076 

1002 

lUf.4 

1004 

loot 

1 104 

1001 

U)(i4 

1002 

1058 

1052 

1035 

1037 

1039 

U)30 

1039 

1040 

1040 

1038 

1034* 

1029 

1009 

1011 

1014 

1015 

1010 

1017 

1017 

1015 

ion 

1006 

984 

987 

990 

992 

993 

994 

994 

993 

990 

986 

900 

9«53 

900 

908 

974 

971 

972 

971 

909 

965 

930 

939 

942 

945 

947 

^19 

050 

949 

918 

045 

912 

915 

918 

921 

924 


928 

928 

927 

925 

888 

892 

K9t> 

890 

902 

905 

907 

907 

907 

905 

80<> 

871 

875 

879 

882 

885 

887 

H87 

888 

886 

844 

849 

851 

859 

862 

8('.5 

81)7 

869 

870 

868 

823 

828 

833 

838 

812 

815 

848 

850 

852 

851 

H02 

807 

812 

817 

821 

825 

820 

831 

834 

834 

781 

786 

791 

79() 

890 

K(j5 

810 

813 

816 

810 

7C1 

707 

772 

777 

782 

787 

79? 

70() 

799 

790 

742 

740 

753 

759 

705 

770 

774 

778 

782 

783 

723 

729 

735 

741 

747 

752 

757 

702 

766 

767 

704 

711 

717 

724 

730 

735 

7 10 

745 

750 

753 

.085 

092 

()99 

7(1§ 

713 

710 

723 

729 

734 

738 

667 

075 

082 

t'.KO 

69ti 

702 

700 

712 

718 

723 

649 

657 

605 

072 

079 

685 

tm 

690 

702 

708 

031 

039 

047 

t)55 

0t)2 

0(i9 

074 

(iSO 

680 

092 

614 

<i22 

f.30 

038 

015 

<;52 

057 

604 

070 

076 

597 

605 

613 

021 

628 

1)35 

(ill 

048 

654 

060 

580 

5SS 

590 

(HM 

on 

61K 

625 

032 

638 

044 

603 

571 

579 

587 

594 

602 

009 

616 

622 

028 

546 

654 

502 

570 

578 

5S5 

592 

599 

600 

612 

529 

637 

545 

554 

5«i2 

51)9 

570 

5H3 

590 

600 

512 

520 

528 

537 

54<i 

553 

5<VO 

507 

574 

580 

495 

504 

512 

521 

529 

537 

544 

551 

558 

564 

478 

487 

490 

505 

513 

521 

528 

535 

542 

548 

401 

471 

480 

4S8 

490 

504 

512 

519 

526 

532 

444 

451 

404 

472 

480 

488 

406 

503 

510 

510 

428 

438 

447 

456 

4ti4 

472 

480 

487 

494 

500 


aeo® 

240® 

1267 

1230 

1223 

1207 

1104 

1180 

1104 

1152 

1138 

1127 

1112 

1102 

1087 

1077 

lt»03 

1053 

1041 

1030 

1019 

100^. 

008 

08* 

078 

008 

058 

040 

038 

030 

901^ soT^ 

884 

870 

800 

800 

848 

844 

831 

828 

815 

812 

790 

707 

784 

782 

700 

707 

755 

752 

740 

738 

725 

724 

710 

710 

t>04 

005 

078 

081 

002 

000 

040 

651 

031 

036 

010 

010 

(K)l 

004 

580 

689 

571 

674 

656 

569 

630 

544 

523 

1^20 

507 

61\ 


o find the heat required to evaporate mixture 
■eiilaice to any other, ut constant temperature, 
.g these percentages and temperature, and 
he result*is expressed in lb. C. H. U.'s. 


containing m lb. SOi from any oA 
subtract the data in this table whjfh 
multiply by m. 
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tSCBNOtOGV OP dlAVWS^ BSfSitS 


1, eoc4«-iQOO>QOt«t*«pto»0'<'^(Qra«oc4e4>H«4*40000e)e)09aoao<»aoNt^h>Ni^««e 

o'* 

6A o«etete^eocoe4M<-i«HF4eooc>(»oouao(3et«t«N»«i»««c0(D«i4a»ioiotQiou9^^ 
Q« C^e««4>^«-«OOO0>0>«a0a000t«b>l«Nt«««(0ce«0>0iOtQU9u9u»u>’<<-««^'«<^'4<'«e9 
g ^ OaO>0)aOOD«t*t*t«t-cO««««i4t4i4tqtOtO<4i^'4<^^<«''4'<4'eOCQCOCOCO«}eoncOCOCO 

^ % N«(D(O<O‘O‘O*'>*<3^'4''«'*^'4*^*4*e0<4e«<0ntQmnMe0CQC4e4C4e4e4C4e4C4e494ClC4« 

w 

h t 

^ 8 A • «O>'QQ«O<«O9NtD««0»«9)<-4^l«O^aOC«i>O^O>^9>>4a>iA«4|«.c<9O>iOeiiaO^*H«iO 

*fe n ScJ St«<5^eQCj<-«5aOb>«3'«m«oc4iM^6cB<»aooot«<o«>oto^^^«ococ4C4M<HF4MOO 

•>!| Su sligisisssisssassss 
i| |o i2||||S||||2|SSS3K8Sg 

S t! A • u3««coe4e4co«f<or»9e4iAat<o«e^aQnoO'fOBU»>i4r«e4a(oe4A«No»t%'«<f<4e9CDMt-«A 
9 ^ So a«t«>a>0'«eoMf»oS9><et^i^<o<oi3tO'4'^eoe«eoe4M»i«iHfxoooa»o>o>0)cecoaoaoto 

» 2 ^ 

B tc A • e*iMeQ'4^udi>9<^'9Ne^o»^0)'^o«oc^co<4'Oce<C99Moi<«'ifi>4B<orafHa}<e<«>e^e 

2 „ « «« 

^ a A • o^(O^«oo<-*«<>oo*4iO0>iMa»u)<^(Ocoo>»nMooiae4<33»e<9Ot«>OMOt»u»«9Me»t^w9e<)f^ 

U| ^ 

n A • l>»O»«'OCO*^*Oa«(|QQMQO^a>(0C4MOMO9«<OQ^t4O(Q»-iO(OOS«3e|-*O>N<O'«Ol 
M mO 0>Saoro3<o>A^ vmcoe4MA>-4iHOoocno)0>Soo«oooxt*b>t»t«;DS««(OiOx»>cubto 

H %, . «cec«(po^a'«Oi0^i>«nQocoQao«e4Qt^i4coe>x:0'4e4QO»NW)^C'i«te»goeDu)<4i 
x(j AP4OOo50>SS)«oo2r«t«b>b><oS(O(oS>QM9><»>oioio^<«'<«<^'«« 

AAAAAA 

a * «H<De4r*«4^«<9»<ONO}iOe4Qt«iOMOOO«^mQqO«tAeOAQQON<0'f MMvHAQONO^ 
oO <OMNi«iMbcS9«aowooaot*»t«t»N«cocpco3>f»u9kOud*OtQ'4''4*^'««'«"«*fi<4«oeoe9 
t flg aUAAlMFNAA 

o 

^Ari wiAMaQ'#AKiioc4a(p<«NQaQ«P'$c<9-4«>a9eotO'f Mfxpo»v(0«a«e<>e4 A 09 »di 9 NO 
S^ <3>o>ooo«eoki«t»SS««3M53i«KQio<«<^-V'«4V'<i9<ocomcoraM«9cocQ?4§<Mc)r 

|u' SS33S3gS$$9SaS 

8o'^g?S8SSS8a§Saa822:5E;S:SS222S2S2aS233a2aS*®'»'» 


$9a222$‘;92SsgSSS!g!SSS3SgS3SSgSS8aS2228t:8gS a { 


heftt in lb. C. H. U.’s required to warm a quantity of acid cd given SOi in *wbich the total *quaatity of SOi is m. 
eratore to any o^er temperature, subtract the number which corresponds to the lower temperatnre from that whi^ 
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• TABLE XCV.—CORRECTIONS FOR HYDROMETER READINGS 


tn “'I'’"* ‘o r'adings of a hydrometer etandardiied, at one temperatur* 

lo coov«rt them to values standardized at another temperature; 

...J?' J''®' 5“'“'”'' ’hows Specific GraAty at temperature fl0”/00“ F * The other col- 
)iA”’/aao^ a * corrections to be applied to indications of a hydrometer standardized at 
wi /w F. to convert it to the standard temperature shown at top of each ernuma. 

indications of hydrometers standardized at other than WVOO* F.. add 
•>Ao/io corrections shown. Kx.—Reading of a hydrometer standardized at 

16527 ’* ^ to convert to values standardized at 20V20* C., add 0 0027 equala 


Specific Gravity 
fiOVW* F. or 
15.66V15 56® C. 


Correction.^ to Be Added 



15®/4® C. 

20®/4® C. 

20®/20® C. 

17.4®/I7ti® 

c 

26®/25® C. 

0.650 

--O.000G 

—0.0007 

+0.0005 

+0.0002 

+0.0012 

0.675 

—0.0006 

—0.0007 

+0.0005 

+0.0002 

+0.0012 

0.700 

—0.0007 

—o.ooos 

+0.0005 

+0.0002 

+0.0012 

0.760 

—0.0007 

—0.0008 

+ 0.0006 

+0.0002 

+0.0013 

0.8(X) 

-4) 0007 

—0.0008 

+0.0005 

+ 0.00^ 

+0.0013 

0.825 

—0.0008 

—0.0009 

+0.0006 

+ 0,0002 

+0.0014 

0.875 

—0.0008 

—o.odoo 

+0.0006 

+0.0002 

+0.0016 

0.900 

—0.0009 

—O.OOlO 

+0.0006 

+0.0002 

+0.0016 

0.925 

—0.0009 

—0.0010 

+0.0007 

+0.(KK)2 

+0.00UN* 

1.000 

—0.0009 

—0.0011 

+0.0007 

+ 0.0003 

+0.0017 

1.050 

—O.OillO 

—0.0011 

+0.0007 

+0.0003 

+0.0018 

1.075 

-4).0010 

—O.OCll 

+0.0007 

+0.0003 

+0.0019 

1.100 

—0.0010 

—0.0012 

+0.0008 

+0.0003 

+0.0019 

1.150 

■ O.OOIl 

—0.0012 

+0.0008 

+ 0.0003 

+0.0020 

1.200 

—0.0011 

—0.0013 

+0.0008 

+0.0003 

+0.0021 

1.225 

—0.0012 

—0.0013 

+ 0.0009 

+0.0003 

+0.0021 

1.250 

—0.0012 

—0.0013 

+0.0009 

+0.0004 

+0.0022 

1.300 

—0.0012 

•- -0.0014 

+ 0.0009 

+0.0004 

+0.0023 

1.325 

--O.00I2 

—0.0014 

+0.0009 

+ 0.0004 

+0.0024 

1.350 

- -0.0013 

—0.0014 

+ 0.0010 

+ 0.0004 

+0.0024 

1,375 

—0.(X)I3 

—0.0015 

+ 0.0010 

+0.0004 

+0.0024 

1.400 

--(l.f)013 

—0.0016 

+ 0.0010 

+ 0.0004 

+0.0026 

1.450 

—0.0014 

—0.0015 

+ 0.0010 

+ 0.0004 

+0,0025 

1.475 

—0.0014 

—0.0010 

+ 0.0010 

+0.0004 

+0.0026 

1.500 

—0.0014 

—0.0016 

+0.0011 

+ 0.0004 

+0.0020 

1,550 

—0.0015 

—0.0016 

+0.0011 

+0.0004 

+0.0027 

1.575 

—0.0015 

- 0.0017 

+0.(K)U 

+0.0004 

+ 0.0027 

1.600 

—0.0016 

—0.0017 

+ 0.0011 

+0.tXK)4 

+ 0.0028 

1.625 

—0.0015 

—0.0017 

+0.0011 

+0.0005 

+0.0028 . 

1.050 

—0.0016 

—0.0017 

+ 0.0012 

+0.0005 

+0.0029 • 

1.700 

—0.0016 

- 0 0018 

+0.0012 

+0.0006 

+0.0030 

1.725 

—0.0016 

—0,0018 

+0.0012 

+0.0006 

+0.0031 

1.775, 

—0.0017 

—0.0019 

+0.0012 

+0.0005 

+0.0031 

1.800 

—0.0017 

—0.0019 

+0.0013 

+0.0006 

+0.0032 , 

l.§50 

—0.0017 

—0.0019 

+0.0013 

+0.0005 

+0.0032 

1.900 

—0.0018 

—0 0020 

+0.0013 

+0.0005 

+0.00J<S 

1.925 

—0.0018 

—0.0020 

+0.0014 

+0.0005 

+0.0033 

1.950 

—0.0018 

—0.0021 

+0.0014 

+0.0006 

+0.0034 

2.000 

—0.0019 

—0.0021 

+0.0014 

+0.0006 

+0.0^ 


*^0®/60® F. means readings taken at tiO® P. compared to water at 60® F. as I.G 
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74' 

c. 

Air* 
free 
1.350 
1.365 
1.360 
1.305 
1.370 
1.375 
1.380 , 
1 3833 

1.390 

4.395 

1.400 

1 405 

1.410 

1.415 

1.420» 

1.425 

1.430 

1.435 

1.440 

1.445 

1.45Qb 

1.455 

1.460 

1.465 

1.470 

1.475 

1.480 

1.485 

1.49(» 

1.495 

1.500 

1.501 

1.502 

1.503 

1.504 

1.505 
1.500 

1.507 

1.508 

1.509 

1.510 

1.511 

1.512 

1.513 

1.514 

1.515 

1.516 

1.517 

1.518 

1.519 
[.520 


P 

37.4 
37« 
38 2 
38.6 
39.0 

30.4 
. 30.8 

40.0 

40.1 

40.5 

40.8 
412 

41.6 
42.0 

42.3 
42 7 

43.1 

43.4 

43.8 

44.1 

44.4 
44 8 

45.1 
454 

45.8 

46.1 

46.4 

46.8 

47.1 

47.4 

47.8 
48 1 


48.4 

48;5 

is.7 


49.0 


49.4 


jaBLE XCVII. iConciudfit) 
»100 Parts by Weight Coutains 


D'O 

ja ^ 
Oh 

• 9. 
z 

5 

•0^ 

<e>> 

70 

47.82 

55 79 

105.67 

71 

48,57 

56.66 

107 31 

72 

40 35 

57.57 

10003 

73 

50.13 

58.48 

110 75 

74 

50.91 

69.39 

112.48 

75 

51 69 

60.30 

114 20 

76 

52 62 

61.27 

116.04 

77 

53.08 

61.92 

117.27 

63 35 

62 24 

117.88 

78 

64 20 

63 23 

119.75 

79 

55.07 

61.25 

121.68 

80 

65.07 

65.30 

123.67 

81 

56.92 

66 40 

125.75 

82 

57.86 

67.50 

127.84 

83 

58.83 

68.03 

129,98 

84 

59.83 

69.80 

132.19 

85 

60.84 

70.98 

134,43 

86 

61.86 

72 17 

136.68 

87 

62,91 

73.39 

138 99 

88 

04.01 

74,68 

141 44 

89 

65.13 

75,98 

143,90 

90 

66.24 

77.28 

146.36 

01 

67.38 

78.60 

148.86 

92 

68.56 

70.98 

151.47 

93 

69.79 

81.42 

154 20 

94 

71.06 

82.90 

167.(Kf 

95 

72.39 

84 45 

159.94 

96 

73.70 

86.05 

162 97 

97 

75.18 

87,70 

166.09 

98 

76.80 

89 60 

169.69 

90 

78.52 

91.60 

173.48 

100 

80.65 

94.09 

178 19 


81.09 

94.60 

179.16 


81.50 

95 08 

180 07 


81 91 

95.55 

180.96 


82.29 

96.00 

181,81 

ioi 

82.63 

90.39 

182.55 


82 94 

96,76^ 

183 25 


83.26 

97,13^ 

183.95 


8[1.58 

97.50 

184.65 


83.87 

97.84 

185.30 

ioi 

84,09 

98.10 

185 79 


84.28 

98.32 

186.21 


84.46 

08,53 

186.61 


84.63 

98.73 

186.08 


84.78 

98,90 

187.30 

163 

84 62 

99.07 

187.63 


85 04 

99 21 

187.89 


85.15 

99.34 

188 14 


85*26 

09.46 

188.37 


8535 

99.57 

188.58 

164 

85.44 

99.67 

188.77 


^'>9' 
00.10 
91 51 
92,97 
94 44 
, 95,01 
97 38 
98,95 
100.00 
100.51 
102,12 
103 76 
10.5 46 
107 24 
109.01 
110.84 
112.73 
114 63 

116 55 
118 52 
120 61 

122.71 
•124 81 

126.04 
J20.17 
131,49 
133,88 
i%mo 
1.38 97 
141.63 
144.70 

117 93 
151 96 

152.78 
153.55 

154 31 

155 04 
155 67 
156,27 
156.86 
157.47 
15801 
158 43 

158.79 
150 13 
150,45 

159.72 
160 00 
160 22 
160 43 
160 63 
HiO.Hl 
160.97 




57 22 

58 n 
69,05 
59.98 
60 9! 
61.85 

62.84 

63 51 

63.84 

64 85 
65.90 
66 97 
68,10 
1>9,23 
70.39 
71 59 
72.80 
74 02 
75.27 
76.59 
77.93 
70.26 
80.62 
82,0.3 
83 51 
85,0.3 
86.62 
88 26 
89,95 
01.(M) 
93 115 
96 .50 
97.03 
9f.52 
98.00 
98.46 

98 86 

99 27 
09.62 

UKI.OO 
100.35 
KM) 61 
100 84 
101.06 
101.26 
101.44 
101.61 
101,76 
101.89 
102 01 
102.12 
102 23 


0.645 
0.658 
0 671 
0.684 
0.698 
0.711 
0.725 
0.735 
0.739 
0 753 
0768 
0.783 
0.800 
0.816 
0.832 
0849 
0,867 
0.885 
0903 
0 921 
0.941 
n.9%1 
0,981 
1,001 
1.023 
1 045 
1.068 
1.092 
1.116 
1144 
1.171 
1 210 
1 217 
1 224 
1.231 
I 238 
1.244 
1 249 
1.255 
1,260 
1 265 
1.270 
1.274 
1,277 
1.280 
1.283 
1.287 
1 289 
1.202 
1 294 
1.206 
1.209 


I Utet Contains KUop^mt 


(5 

■Ba 

2a 

z 

K 



0.753 

I 427 

1.21» 

0.768 

1.455 

1.240 

0783 

1.483 

1.205 

0.798 

1.513 

1 289 

0814 

1.543 

1.314 

0 829 

1.573 

1.330 

0 846 

9003 

1.300 

0.857 

1.023 

1.383 

0.862 

1.033 

1.392 

0 879 

1.005 

1.420 

0.896, 

, 1.697 

1.447 

0 014 

1 731 

1.470 

0,933 

1.707 

1.507 

0.052 

1 803 

1.S37 

0971 

1.830 

1.508 

0 091 

I 877 

1.600 

1 011 

1 915 

1.033 

1.032 

1.955 

1.667 

1.053 

1.995 

1.701 

1 075 

2.037 

1.730 

1.098 

2.080 

1.773 

1 121 

2.123 

^10 

1 144 

2.167 

nis 

1.168 

2.212 

1.886 

M93 

2.259 

1 927 

1.219 

2.300 

1.909 


1 274 
1.302 
1.335 
1.369 
1.411 
1.420 
1.428 
1.436 
1.444 
1 451 
1.457 
1.464 
1.470 
1,476 
1.481 
1.486 
1.490 
1.494 
1.407 
1.501 

I. 504 

J. 507 
1.510 
1.512 
1.515 


2.300^.012 

2#fTTl0ft8 

1.30 

2.460 

2.103 


It 

2.528 

2.150 



2.593 

2 211 


2.672 

2.278 



2.089 

2.293 


li 

2,704 

2300 


It 

1?: 

2.720 

2.319 


2.735 

2.332 


1 $ 

2.748 

2.343 


i 

2759 

2.353 


i 

2.773 

2.364 

1 

W. 

W 

2,784 

2.374 

1 

2.705 

2.384 

1 

T- 

2 805 

2.392 

1. 

11 

2.814 

2.400 

1 584 

2.822 

2.406 

1 581 

2.829 

2.413 

1 53{ 

2.835 

2.418 

1 531 

2.843 

2.424 

I.53( 

2.848 

2.420 

1.54; 

2.854 

2.434. 

1 541 

2.800 

2,43^ 

1 54f 

2.804 

2.442 

1 551 

2.869» 2.447 

I.5M 


TABLE XCVIII—CORRECTION OR SPECIFIC GRAVITY OP NITRIC AGIO 
CONTAINING NITROUS FUMES 
^ (Lungb and Mahchukwski) * 

The correction given is to be subtracted from the 8p. Gr. of nitric acid at 16^ C*(1.46 
oanpare^ to water at 4'^ C. * 1) to give the Sp. Gr. corresponding to the nitric acid 
dually present. • . 


Nj04 


N*04 


% 

Correction 

% 

Correction 

0.25 

0.0005 

3.50 

0.0217 

0.50 

0.0008 

3.75 

0.0235 

0.75 

0.0015 

4.00 

0.0253 

•i.oo 

0.0030 

4.25 

0.0269 

1.25 

0.0048 

4.50 

0.0288 

1.60 

• 0.0008 

4.76 

0.0305 

1.75 

0.0078 

5.00 

0.0323 

t.OO 

0.0105 

5.25 

0.0337 

2.25 

. 0.0126 

5.50 

0.0360 

2.50 

0.0143 

6.76 

0.0378 

8.z3 

3.00 

0.0163 

. 6.00 

0.0396 

0^180 

♦•6.25 

0.0418 

3.25 

0.0199 

6.50 

0.0430 


NjOi 


NI 04 


% 

Correction 

% 

Correction 

6.75 

0.0448 

10.00 

t.0600 

7.00 

0.0405 

10.26 

^.0082 

7.26 

0.0472 

10.6§ 

0 0098 

7.50 

0.0500 

10.75 

0.0714 

7.76 

0.0517 

11.00 

0.0730 

8.00 

0.0533 

11.25 

0.0745 

8.25 

0.0550 

11.50 

0.0760 

8.50 

0.0500 

11.76 

0.0775 

8.76 

0.0^3 

f 12.00 

0.0785 

9.00 

0 0000 

12.26 

0.0805 

9^5 

9.50 

0.06 It 
4).o^ 

12.50 
• 12.75 

0.0830 

0.0835 

9.76 

W0050 
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TABLE XCIX.—DENSITIES OF CONCENTRATED NITRIC ACID AT DIF- 
• PERENT TEMPERATURES • 


a 

o 

\ H. VSLBY 

AND J. J. MaNLSY, J. S. C. I. 

1903, tZ, 

1227) 



lAnsities 



, Per¬ 

At 4* 

10V4® 

15V4® 

20®/4® 

26V4* 

centages 

1.400 

1.392 

1.385 

1.378 

1.371 

62.3 

1.401 

1.393 

1.386 

1.379 

1.372 

62.5 

1.402 

1.394 

1.387 

1.380 

1.373 

62.7 

1.403 

1.395 

1.388 

1.381 

1.374 

62.9 

1.404 

vl.396 

1.3895 

1.382 

1.375 

63.1 

1.405 

1.397 

1.391 

1^383 

1.376 

63.3 

1.466 

1.398 

1.362 

1.384 

1.377 

63.5 

1.407 

1.399 

1.393 

1.385 

1.378 

63.7 

1.408 ^ 

1.400 

1.364, 

1.386 

1.379 

63.9 

1.409 ♦ 

1.401 

1.395 

1.387 

1.380 

64.1 

1.410 

1.402 

1.396 

1.388 

1.381 

64.3 

1.41f 

1.403 

1.397 

1.380 

1.382 

64.5 

1.412 

1.494 

1.398 

1.390 

1.382 

64.7 

1.413 

1.405 

1.390 

1.391 

1.383 

64.9 

1.414 

1.406 

1.3995 

1.392 

1.384 

65.1 

1.415 

1.407 

1.400 

1.393 

1.385 

65.3 

1.416 

1.408 

1.401 

1.394 

1.380 

65.4 

1.417 

1.409 

1.402 

1.394 

1.386 

65.6 

1.418 

1.410 

1.403 

1.395 

1.387 

65.8 

1.419 

1.411 

1.404 

1.390 

1.388 

66.0 

1.420 

1.412 

1.405 

1.397 

1.389 

66.2 

1.421 

1.413 

1.406 

1.398 

1.390 

66.4 

1.422 

i:414 

1.4065 

1.399 

1.301 

66.6 

1.423 

1.415 

1.407 

1.400 

1.302 

66.8 

1.424 

1.416 

1.408 

1.401 

1..393 

67.0 

1.425 

1.417 

1.409 

1.402 

1.394 

67.2 

1.420 

1.418 

1.410 

m* 1-402 

1.304 

67.4 

Si*427 

1.410 

1.411 

1.403 

1.395 

67.6 

1.428 

1.420 

1.412 

1.404 

1.306 

67.8 

1.429 

1.421 

1.4125 

1.405 

1.397 

68.0 

1.430 

1.422 

1.413 

1.400 

1.398 

68.2 

1.431 

1.423 

1.414 

1.407 

1.398 

68.4 

1.432 

1.423 

1.415 

1.408 

1.399 

68.6 

1.433 

1.424 

1.410 

1.408 

1.400 

68.8 

1.434 

1.425 

1.417 

1.409 

1.401 

69.0 

1.435 

1.426 

1.418 

1.410 

1.402 

69.2 

1.436 

1.427 

1.419 

1.411 

1.403 

60.4 

1.437 

1.428 

1.420 

1.412 

1.404 

69.6 

1.438 

1.429 

1.4205 

1.413 9 

1.405 

69.8 

1.439 

1.4295 

1.421 

1.414 

1.406 

70.0 

1.440 

1.430 

1.422 

1.415 

1.407 

70.2 

1.441 

1.431 

1.423 

1.410 

1.408 

70.4 

1.442 

1.432 

1.424 

1.417 

1.409 

70.6 

1.443 

1.433 

1.425 

1.418 

1.410 

70.8 

1.444 

1.434 

1.420 

1.410 

1.411 

71.0 

1.445 

1.435 

1.427 

1.420 

1.412 

71.2 

1.446 

1.436 

1.428 

1.421 

1.413 

71.4 

1.447 

1.437 

1.429 

1.422 

1.414 

71.7 

1.448 ' 

1.438 

1.430 

1.423 

1.415 

72.0 

1.449 

1.430 

1.431 

1.424 

1.416 

72.3 

1.450 

1.440 

1.432 

1.425 

1.417 

72.5 

1.451 

1.441 

1.4.33 

1.420 

1.418 

72.7 

1.452 

1.442 

1.434 

1.427 

1.419 

73.0 

1.453 

1.443 

1.435 

1.428 

1.420 

73.3 

1.454 

1.444 

1.436 

1.429 

1.421 

73.6 

1.455 

1.445 

1.437 

1.430 

1.422 

73.7 

1.456 

1.446 

1.438 

1.431 

1.423 

74.0 

1.457 

1.447 

1.439 

1.432 

1.424 

74.2 

1.458 

1.448 

1.440 

1.433 

1.425 

74.6. 

1.459 

1.449 

1.441 

1.434 

1.426 

74.7* 

1.460 

1.450 

1.442 

1.435 

1.427 

74.9 

1.461 

1.451 

1.443 

1.436 

1.428 

76.2 

1.462 

1.452 

1.444 

1.437 

1.429 

76.5 

1M63 

1.453 

1.445 

1.438 

1.430 

75.7 


1.454 

1.446 

1.430 

1.431 

75.9 

1.46? 

1.455 

1.447 

1.440 

1.432 

76.2 

1.406 

1.456 

1.448 

1.441 

1.433 

76.6 

1.467 

1.457 

1.449 

1.442 

1.434 

76.8 

1.468 

1.458 

1.450 

1.4425 

1.435 

77.Oi 

1.409 

1.459 

1.451 

1.443 

1.436 

77.3 

1.470 

i.460 

1.452 

1.444 

1.437 

77.6 

1.471 

t.461 t 

1.453 

1.445 

1.438 

77.ft 

1.472 

1.462 

1.454 

1.446 

1.430 

78.2 

1.4725 

1.4626 

1.4«t5 

1.4465 


78.6. 

1.473 

1.463 

• 1.455 

r.447 

i.lio 

V8.8 
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TABLE XCIX. 


At 4® 



10®/4® 

15®/4® 

1.474 • 

1.475 

1.4G4 

1.465 

1.450 

1.457 

1.476 

1.466 

1.458 

1.477 

1.667 

1. 4.59 

1.478 

1.408 


1.479 

1.409 

1.401 

1.480 

1.470 

1.4(k! 

1.481 

1 .471 

1.4(i3 

1.482 

1.472 

1.464 

1.483 

1.473 

1.4r.5 

1.484 

1.474 

1.460 

1.485 

1.476 

1.407 

1.487 

1.470 

1.468 

1.488 

1.477 

1.4C.9 

1.489 

1.478 

1.470 

1.490 

1.479 

1.471 

1.491 

1.480 

1.472 

1.492 

1.481 

1.473 

1.493 

1.482 

1.474 

1.494 

1.4 S3 

! .475 

1.405 

1.4K4 

1.476 

1.496 

1.4 SO 


1.497 

1.487 

I.47S 

1.498 

1.488 

1.479 

1.499 

1.489 

1,480 

1. .500 

1.190 

I .481 

1.501 

1.191 

1 4^2 

1 .502 

1.192 

1.483 , 

1..503 

1.4925 

1.4S45 

1.504 

1.493 

1.4 85 

1.505 

1.494 

1.485 

1.506 

1.495 

1.486 

1.507 

1 .'49(> 

1.487 

1.508 

1.497 

1.4S8 

1.509 

1.498 

1 .489 

1.510 

1.499 

1.490 

1.511 

1.500 

1 .491 

1.512 

1.501 

1.492 

1.513 

1.502 

1.493 

1.514 

1.503 

^ 1.404 

1.515 

1.504 

^ 1.49.5 

1.516 

1.605 

1.496 

1..517 

1.506 

1.497 

1.518 

1.5U7 

1.498 

1.519 

1, .508 

1.4<M» 

1.5195 

1.508.5 

1.4905 

1.520 

1.609 

1 . .500 

1.520 

1,609 

1.500 

1.520 

1,609 

1.500 

1.521 

1.610 

1 .501 

1.522 

1.611 

1.502 

1.52.3 

1.512 

1.503 

1.624 

1.613 

1.504 

1.525 

1.514 

1.505 

1.627 

1.510 

1.507 

1.528 

1.517 

1.608 

1.629 

1.518 

1. .509 

1.530 

1.619 

1.510 


1.520 

1 511 

1.532 

1.521 

1.512 

1».533 

1.522 

1.513 

1.535 

1.524 

1.610 

1.637 

1.620 

1.517 

1.538 

1.527 

1.518 

1.540 

1.529 

1.520 

1.642 

1.630 

1.521 


J^results at 30* C. arc desired, the figures in 
#orrectiou8 as follows: 

Values to be Subtracted from 
Values at 26V4* C. 


(Concluded) 


t 

20®/4^ 

25V4“ 

Per. 

ceotages 

1.448 

1.441 

79.1 

1.449 

1.442 

79.4 

1.460 

1.443 

79.7 

1.4.51 

1.444 

80.0 

1,452 

1.445 

80.3 

1.153 

1.146 

80.6 

1.454 

1.4465 

80.0 

1.4.55 

1.447 

81.2 

1.4.50 

1.448 

8P.5 

1.157 

1.449 

81.K 

1.4.58 

1.450 

• 82.1 

1.459 

1.451 

82.4 

1.400 

1.452 

$2.7 

1.101 

1.453 

83.0 

1.462 

1.454 

83.3 

1.463 

1 .4.55 

83.6 

1.464 

1 .450 

83.9 

1.465 

1.457 

84.2 

1.166 

1.4575 

84.5 

1.467 

1.4.58 

84.8 

1.4 68 

1 4.59 

85.1 

1.469 

1 460 

85.4 

1.470 

1.461 

85.7 

1.471 

t 4m 

80.0 

1.472 

1.403 

86.3 

1.173 

1.464 

80.6 

1.4735 

1.465 

80.9 

1.471 

1.460 

87.2 

1.47.5 

1.4005 

87.6^ 

H7.r 

1.176 

1.407 

1.477 

1.408 

88.1 

1.478 

1.409 

88.4 

1.479 

1.470 

88.7 

1.180 

1.471 

89.0 

1.481 

1.472 

89.3 

1.4^2 

1,473 

89.6 

1,482.5 

1,474 

89.0 

1.483 

1.475 

90.2 

1.484 

1.470 

90.5 

1.485 

1.477 

90.8 

1 ,486 

1.4775 

91.1 

1.487 

1.478 

91.4 

1.488 

1.479 

91.7 

1 .489 

1.480 

92.0 

1.490 

1.481 

92.3 

1.4905 

1.482 

92.6 

1 491 

1.483 

93.0 

1 492 

1.484 

93.5 

1.492 

1.485 

94.0 

1.493 

1,485 

94.5 

1 491 

1.480 

95.0 

1.495 

1.487 

95.5 

1.490 

1.488 

90.0 

1.497 

1.489 

96.6 ' 

1 ,498 

1.490 

97.0 

I 499 

1.491 

97.2 

1.500 

1.492 

97.5 

1.501 

1.492.5 

97.8 

1.502 

1.493 

98.0 

1.503 

1.494 

98.3 

1.501 

1.495 

98.6 

1.500 

1.490 

98.9* 

1.607 

1.497 

99.2 

1.508 

1.498 

99.5 

1.609 

1.4985 

99. & 
100.# 

1.510 

1.499 


Table XCIX could be used after making 


Percentages 


0.007 
0.008 
0.000 
0.008 
• • 0.010 


66— 65 
6fr-i 85 
85-S 93 
93— ^8 
^8—TOO 


It has been observed that acid ot 90% and greater contentrations could not be heated 
above 26® C* without the formation of nitrogen peroxide. • 
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1 TABLE C.—NITRIC ACID • 


By W. C. Esxoosom 


Deffrecs 

Spccl6c 

Oravitr 

Deitrees 

% 

P«r cent. 

Degreea 

Spedfle 

Gravity 

• 

Degreea 

Percent. 

Bftunt^ 

60760® P. TwaddeU 

HNO» 

Baum4 

60®/80« P. 

Twaddell 

HKOt 

10.00 

1.0741 

14.82 

12.86 

27.00 

1.2288 

46.76 

36^48 

10.26 

1.0761 

16.22 

13.18 

27.26 

1.2314 

46.28 

36.87 

10.60 

1.0781 

> 16.62 

13.49 

27.60 

1.2340 

46.80 

37.26 

10.76 

1.0801 

16.02 

13.81 

27.76 

1.2367 

47.34 

37.67 

11.00 

• 1.0821 

16.42 

14.13 

28.00 

1.2393 

47.86 

38.06 

11.25 

1.0841 

16.82 

14.44 

28.26 

1.2420 

48.40 

38.46 

11.60 

1.0861 

17.22 

14.76 

26.60 

1.2446 

48.92 

38.86 

11.76 

1.0^1 

17.62 

15.07 

28.75 

1.2473 

49.46 

39.26 

12.00 

1.0902 

18.04 

16.41 

29.00 

1,2500 

60.00 

39.66 

12.25 

f.0922 

18.44 

16.73 

29.25 

1.2527 

60.54 

40.06 

13.60 

1.0943 

18.86 

16.06 

29.50 

1.2654 

61.08 

40.47 

12.76 

1.0964 

19.28 

16.39 

29.76 

1.2682 

51.64 

40.89 

13.00 

1.0986 

19.70 

16.72 

30.00 

1.2609 

62.18 

41.30 

18.26 

1.1006 

20.12 

17.06 

30.26 

1.2637 

52.74 

41.72 

13.60 

1.1027 

20.64 

17.38 

30.60 

1.2664 

63.28 

42.14 

13.76 

1.1048 

20.96 

17.71 

30.75 

1.2692 

53.84 

42.58 

14.00 

1.1069 

21.38 

18.04 

31.00 

1.2719 

64.38 

43.00 

14.26 

1.1090 

21.80 

18.37 

31.25 

1.2747 

54.94 

43.44 

14.60 

i.ini 

22.22 

18.70 

31.50 

1.2775 

66.60 

43.89 

14.76 

1.1132 

. 22.64 

19.02 

31.76 

1.2804 

56.08 

44.34 

K.OO 

1.1164 

• 23.08 

19.36 

32.00 

1.2832 

56.64 

44.78 

16.26 

1.1176 

23.52 

19.70 

32.25 

1.2861 

67.22 

46.24 

15.60 

1.1197 

23.94 

20.02 

32.60 

1.2889 

67.78 

46.68 

16.76 

1.1219 

24.38 

20.36 

3>.75 

1.2918 

68.36 

46.14 

lejo 

1.1240 

24.80 

20.69 

• • 33.00 

1.2946 

58.02 

46.68 


• 1.1262 

26.24 

21.03 

33.26 

1.2975 

50.60 

47.04 

16.60 

1.1284 

26.68 

21.36 

33.60 

1.3004 

60.08 

47.49 

16.76 

1.1306 

26.12 

21.70 

33.75 

1.3034 

60.68 

47.96 

17.00 

1.1328 

26.56 

22.04 

34.00 

1.3063 

61.26 

48.42 

17.26 

1.1360 

27.00 

22.38 

34.26 

l.SOO.f 

61.88 

48.90 

17.60 

1.1373 

27.46 

22.74 

34.60 

1.3122 

62.44 

49.36 

17.76 

1.1395 

27.90 

23»08 

34.76 

1.3162 

63.04 

49.83 

18.00 

1.1417 

28.34 

23.42 

35.00 

1.3182 

63.64 

60.32 

18.26 

1.1440 

28.80 

23.77 

35.26 

1.3212 

64.24 

50.81 

18.80 

1.1462 

29.24 

24.11 

36.60 

1.3242 

64.84 

61.30 

18.76 

1.1486 

29.70 

24.47 

36.76 

1.3273 

66.46 

61.80 

19.00 

1.1608 

30.16 

24.82 

36.00 

• 1.3303 

66.06 

52.30 

10.26 

1.1631 

30.62 

26.18 

36.25 

1.3334 

66.68 

62.81 

19.60 

1.1654 

31.08 

26.63 

36.60 

1.3364 

67.28 

63.32 

19.78 

1.1577 

31.54 

26.88 

36.76 

1.3396 

67.90 

53.84 

20.00 

1.1600 

.82.00 

26.24 

37.00 

1.3426 

68.62 

64.36 

20.25 

1.1624 

32.48 

26.61 

37.26 

1.3457 

69.14 

54.80 

20.60 

1.1647 

32.94 

26.06 

37.60 

1.3488 

69.76 

65.43 

20.76 

1.1671 

33.42 

27.33 

37.76 

1.3520 

70.40 

56.07 

21.00 

1.1694 

33.88 

27.67 

38.00 

1.3551 

71.02 

66.62 

21.26 

1.1718 

34.36 

28.02 

38.25 

1.3583 

71.66 

67.08 

31.60 

1.1741 

34.82 

28.36 

38.50 

1.3615 

72.30 

67.85 

31.75 

1.1765 

36.30 

28.72 

38.76 

1.3647 

72.04 

68.23 

23.00 

1.1780 

35.78 

29.07 

39.00 

1.3679 

73.68 

68.82 

22.^ 

1.1813 

36.26 

29.43 

39.26 

1.3712 

74.24 

69.43 

22.50 

1.1837 

36.74 

29.78 

39.50 

1.3744 

74.88 

60.06 

22.75 

1.1881 

37.22 

30.14 

39.78 

1.3777 

76.64 

60.71 

23.00 

1.1886 

37.70 

30.49 

40.00 

1.3810 

76.20 

61.38 

23t 26 

1.1910 

38.20 

30.86 

40.25 

1.3843 

76.86 

62.07 

23.50 

1.1934 

38.68 

31.31 

40.50 

1.3876 


62.77 

23 .#6 

1.1069 

39.18 

31.58 

40.76 

1.3909 

78.1? 

63.48 

24.00 

1.1983 

39.66 

31.94 

41.00 

1.3942 

78.84 

.64.214 

24.26 i 

1 1.2008 

40.16 

32.31 

41.26 

1.3976 

79.52 

*64.93 

a?.6o 

1.2033 

40.66 

32.68 

41.60 

1.4010 

80.20 

65.67 

34.76 

1.2068 

41.18 

33.05 

41.76 

1.4044 

80.88 

66.42 

26.00 

1.2083 

41.66 

33.42 

42.00 

1.4078 

81.66 

67.18 

26.26 

V 1.2109 
^ 1.2134 

42.18 

33.80 

42.26 

1.4112 

82.24 

67.96 

25.60 

42.68 

34.17 

42.50 

1.4146 

82.93 

68.73 

36.76 

1:3160 

43.20 

34.66 

42.76 

1.4181 

83.62 

60.6V 
to.sT 

26.00 

1.2186 

43.70 

34.94 

43.00 

1.4316 

84.33 

26.26 

1.3211 

44.22 

36.33 

43.26 

1.4261 

86.02 

71.16 

26.60 

1.2236 

44.72 

36,70 

43.60 

1.4286 

86.72 

•71.98 

26.76 

1.2262 

45.24 

36.00 

43.76 

1.4331 

86.42 

72.^ 
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Specific 

Degrees Gravity Degrees 
Batim< F. Twaddell 


(Condwdrd) 

• Specific 

Degre# Gravity Degrees 
Baum# 60VG0“ F. TwaddeH 


44.00 

1.4356 

44«25 

1.4392 

44.50 

1.4428 

44.75 

1.4464 

46.00 

1.4500 

45.25 

1.4536 

45.50 

1.4673 

46.75 

1.4610 

46.00 

1.4646 

46.25 

1.4684 


TABLE C. 

Per cent. 
HNO* 

87.12 73.67 

87.84 74.53 

88.56 75.40 

89.28 76.28 

90.00 77.11 

90.72 78.07 

91.46 79.03 

92.20 80.04 

92.92 81.08 

93.08 82.18 


46 50 

1.4721 

46.75 

1.4758 

47. (K) 

1.4796 

47.25 

1.4834 

47.50 

1.4872 

47.75 

1.4910 

48.00 

1.4948 

48.25 

1.4987 

48.50 

1.5026 


Per cent. 
HNOs 

94.42 83.3S • 

95.16 84.48 

95.92 85.70 

96.68 86.98 

97.44 88.32 

98.20 89.76 

98.90 * 91.35 

99.74 93.13 

100.52 95.11 


Specific gravity determinations were made at 60® F.. compared with wa^r at 60® F 
From the specific gravities, the corresponding degrees Uaum4 were calculated by the 
following formula: 

ije 

Degrees Baum^ ■» 145--- 

.specific gravity 

Haum^ hydrometers for use with this table must be graduated by the above formula, 
which formula should always be printed on the scale. 

Atomic weights from F. W. Clarke's table of 1901. () - 16. 

ALLOWANCB for TUMFKRATItRg 

At 10®-20® B4 .—i/m® B6. or 0.00029 specific gravity*- 1® P. 

20®-30® B4.—'/»* B4, or 0.00044 specific gravity — 1® F. 

30®—40® B^.— '/jo® Bd. or 0.00060 specific gravity — 1® F. 

40®-48.6® B6.— ‘/it® or 0 00084 specific gravity — 1® F. 

Aiithoritv—15^0. Furguson • 

This table has been approved and adopted as a Standard by the Manufacttirip^f^^ltil 
ists' Association of the United States. W. 11. Bowrr. Jas. L. Morgan, 

Hknrv Howard, Arthur Wyman. 

A. G. Rosbngartrn. 

New York, May 14, 1903. Hxfcutive Commiltte. 


TABLE Cl.—WEIGHT OF 1 CC. OF MOIST NlTk<^',UN IN MILUGRAMS AT VARIOUS 
TEMPERATURES AND PRESSURES* 


Tempera- 



Barometric 

Pressure 

Mm. 

of Mercury 




ture, ® C. 726 

728 

730 

732 

734 

736 

738 

740 

742 

744 

746 


16. 

. 1.114 

1.117 

1.120 

1.1^3 

1.127 

1.130 

1.133 

1.136 

1.139 

1.142 

1.145 

i.m 

16. 

. 1.109 

1.112 

1.115 

i.ns 

1.121 

1.125 

1.12K 

1.131 

1.134 

1.137 

1.140 

I.IU 

17. 

. 1.104 

1.107 

1.110 

1.113 

1.116 

1.120 

1.123 

1.126 

1.129 

1.132 

1.135 

l.lSi: 

18. 

. 1.098 

l.lOl 

1.105 

1.108 

1.111 

1.114 

1.117 

1.120 

1.123 

1.126 

1.129 

1.188 

19. 

. 1.093 

1.090 

1.099 

1.102 

1.106 

1.109 

1.112 

1.115 

1.118 

1.121 

1.124 

1.187 

20. 

. 1.088 

1.091 

1.094 

1.097 

1.100 

1.103 

1.106 

1.109 

1.112 

1.116 

1.119 

1.188 

21. 

. 1.082 

1.085 

1.088 

1.092 

1.095 

1.098 

1.101 

1.104 

1.107 

1.110 

1.113 

1.116 

22. 

. 1.077 

1.080 

1.083 

1.086 

1.089 

1.092 

1.095 

1.098 

1.101 

1.104 

1.107 

1.111 


. 1.071 

1.074 

1.077 

1.080 

1.084 

1.087 

1.090 

1.093 

1.096 

1.009 

1.102 

1.106 

?4 

. 1.066 

1.069 

1.072 

1.075 

1.078 

1.081 

1.084 

1.087 

1.090 

1.093 

1.096 

1.099 


. 1.060 

1.063 

1.066 

1.060 

1.072 

1.075 

1.078 

1.081 

1.084 

1.087 

1.090 

1.093 


_ 1.064 

1.057 

1.060 

1.063 

l.0ti6 

1.069 

1,072 

1.075 

1.079 

1.082 

1.085 

4.088 


.. 1.049 

1.052 

1.065 

1.058 

1.061 

1.064 

1.067 

1.070 

1.073 

1.070 

1.079 

1.082 


. 1.043 

1.046 

1.049 

1.052 

1.0.55 

1,058 

1.061 

1.064 

1.067 

1.070 

1.073 

1.076 


.. 1.037 

1.040 

1.043 

1.046 

1.049 

1.052 

1.055 

1.058 

1.061 

1.064 

1.067 

1.070 

30. 

16. 

16. 

If. 

18. 

19. 

20. 
21. 
29t 

23. 

24. 

1.031 

1.034 

760 

1.162 

1.017 

752 

1.156 

1.040 

754 

1.158 

1.043 

756 

1.161 

1.046 

768 

1.164 

1.049 

760 

1.167 

1.052 
762 
1.170 

1.065 

764 

1.174 

1.058 

766 

1.177 

i.a#i 

768 

1.480 

1.064 

770 

1.183 


d.l46 

1.150 

1.153 

1.166 

1.159 

1.162 

1.165 

1.168 

1.171 

1.174 

1.178 


1.141 

1.144 

1.147 

1.150 

1.154 

1 167 

1.160 

1.163 

1.166 

11169 

1.172 


1,136 

1.139 

1.142 

1.145 

1.148 

1.151 

1.154 

1.157 

1.160 

1.164 

1.167 


1.130 

1.133 

1.136 

1.140 

1.143 

1.146 

1.149 

1.152 

1.16% 

1.658 

1.161 


1.126 

1.128 

1.131 

1.134 

1.137 

1.140 

1.143 

1.146 

1.149 

1.152 

1.166 


1.119 

1.122 

1.125 

1.128 

1.131 

1.136 

1.138 

1.141 

1.144 

1.147 

1.150 


1.114 

1.117 

1.120 

1.123 

1.126 

1.129 

1.132 

1.135 

1.138 

1.141 

1.144 


1.108 

1.111 

1.114 

1.117 

1.120 

1.123 

1.126 

1.129 


1.135 

1.13$ 


1.102 

1.105 

1.108 

1.111 

1.114 

1.117 

1.120 

1.124 

i.m 

1.121 

1.130 

1.133 


1.096 

1 001 

1.099 

1.102 

1.106 

1.108 

1.112 

1.115 

1.118 

1.124 

1.127 



1.094 

1,097 

1.100 

1.103 

1.106 

1.109 

1.112 

1.116 

1.118 

1.121 

27. 

28. 


1.086 

1.088 

1.091 

1.094 

1.097 

1.100 

1,103 

1.106 

1.109 

1.112 

1.116 


1.082 

1.085 

1.088 

1.091 

1.094 

1.097 

1.100 

1.103 

1.106 

1.109 



1.076 

1.079 

1.082 

1.085 

1.088 

1.091 

1.093 

1.096 

1.099 

1.108 

«0. 

• 

gni 

oeti 

•••*••#. 

1.066 

1.069 

1.072 

1.076 

1.078 

1.081 

1.084 

1.087 

1.090 

1.093 

1.096 

*TW. table is*bascd on the weight of 1 liter of nitrogen at O'* C. an8 760 mm., which is 1.2514 
iSei^lations should be made for fractions of a^jdegree and barometric pre^nrea ioterniedlaU 
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TECHNOLOGY OE CELLULOSE ESTERS 


: number of cc. at 0° C. and 760 mm. pressure j 


Temperature, ® C. 


TABLE qil.—CORRECTION FACTORS FOR REDUCING VOLUME OF NITRIC 
OXIDE (NO) IN CUBIC CENTIMETERS OBSERVED ON LUNGE NITROM- 
ETER TO VOLUME IN C¥BIC CENTIMETERS AT 0* C. AND 760 MM. 
PRESSURE. ♦ « 

f ee. in nitrometer X factor 
100 

Barometric 
Pressure, 

Mm. of 
Mercury 

776.'... .1 

T74. 100.73 

778..100.60 

■‘772.•. *100.47 

771. 100.34 

no.100.21 

TOO. 

768. 

IH:::::::::: 

765. 

764. 

763. 

762. 

761. 

760.fl. 

766. 


3<^ 

3.2® 

3.4® 

3.6P 

3.8® 

4® 

4.2® 

4.4® 

100.86 

100.79 

100.71 

100.64 

100.67 

100.60 

100.43 

100.35 

100.73 

100.60 

100.58 

100.51 

100.44 

100.37 

100.30 

100.22 

100.60 

100.53 

100.45 

100.38 

100.31 

100.24 

100.17 

100.09 

100.47 

100.40 

100.32 

100.25 

100.18 

100.11 

100.04 

99.96 

100.34 

100.27 

100.19 

100.12 

100.05 

99.08 

99.91 

99.83 

100.21 

100.14 

100.06 

99.99 

99.92 

99.85 

99.78 

99.70 

100.08 

100.01 

90.93 

90.86 

99.79 

99.72 

99.66 

99.58 

90.95 

99.88 

99.80 

99.73 

99.66 

99.59 

99.53 

99.45 

99.82 

99.75 

99.07 

99.60 

99.63 

99.46 

99.40 

99.32 

99.69 

99.62 

99.54 

99.47 

99.40 

99.33 

99.27 

99.19 

90.56 

99.49 

99.41 

99.34 

99.27 

99.20 

99.14 

99.06 

90.43 

99.36 

99.28 

09.21 

99.14 

99.07 

99.01 

08.93 

99.30 

99.23 

99.16 

99.08 

09.01 

98.94 

98.88 

08.80 

99.17 

99.10 

99.02 

08.95 

98.88 

98.81 

98.75 

98.67 

99.04 

08.97 

98.89 

98.82 

98.75 

98.68 

98.62 

98.54 

08.dl 

98.84 

98.76 

98.09 

98.62 

08.55 

08.40 

08.41 

98.78 

98.71 

98.63 

98.57 

98.49 

08.42 

08.36 

98.28 

98.65 

98.58 

98.50 

98.44 

98.30 

98.29 

98.23 

98.15 

98.52 

98.45 

98.37 

98.3t 

98.23 

98.16 

98.10 

98.02 

98.39 

98.32 

98.24 

^.18 

98.10 

08.03 

97.97 

97.89 

98.26 

98.19 

08.11 

08.05 

97.07 

97.90 

97.84 

97.76 

08.13 

98.06 

97.98 

97.92 

97.84 

97.77 

97.71 

97.63 

98.00 

97.93 

97.85 

97.79 

97.71 

97.04 

97.68 

97.60 

97.87 

97.80 

97.72 

97.66 

97.68 

97.51 

97.45 

97.37 

97.74 

97.67 

97.60 

97.53 

97.45 

97.38 

97.32 

97.24 

97.61 

97.54 

97.40 

97.40 

07.32 

97.25 

07.19 

97.11 

97.48 

97.41 

ft7.33 

97.27 

97.20 

97.12 

97.05 

96.98 

97.35 

97.28 

97.20 

97.14 

97.07 

96.99 

96.92 

96.85 

97.22 

97.16 

97.07 

97.01 

96.94 

96.80 

96.79 

96.72 

97.00 

97.02 

96.94 

90.88 

06.81 

96.73 

06.66 

06.50 

96.96 

96.89 

90.81 

96.76 

90i08 

90.01 

06.54 

96.47 

4. 

6® 4 

8® 5 

® 6 

2® 6.4 

® 6.6® 

6.8® 

6® 


775. 100.28 

774. 100.15 

773. 100.02 


772. 

771. 

770. 

769. 

708. 

167. 

766. 

764.. .. 7.. 

763.». 

782. 

761.. ♦. 

760..... 

759.. ..«. 

758. 

767. . 

766. 

755. 

754... 

763.>..... 

762.• . 

751. 

760. 

749. 

748. 

747.. 


99.80 

09.70 

09.63 

90.51 

00.38 

90.25 

99.12 

98.99 

98.86 

98.73 

98.60 

98.47 

08.34 

98.21 

98.08 

07.95 

67.82 

07.69 

97.56 

67.43 

07.30 

97.17 

97.04 

96.91 

96.78 

90.05 


746. • 96.62i 

745,... 96.40 


100.21 

100.08 

99.95 

99.82 

99.60 

90.56 

99.44 
99.31 
99.18 
99.05 
98.92 
98.79 
98.66 
98.53 
98.40 
98.27 
98.14 
98.01 
97.88 
97.75 
97.62 
97.49 
07.30 
97.23 
97.10 
96.97 
96.84 
96.71 
06.58 

66.45 
96.33 . 


100.13 

100.00 

99.87 

99.75 

99.62 

09.49 

99.36 

99.23 

99.10 

98.97 

98.84 

98.71 

98.68 
98.45 
98.33 
98.20 
08.07 
97.94 
07.81 

97.68 
97.55 
07.42 
07.29 
67.16 
97.03 
96.90 
06.78 
96.66 
06.52 
96.39 

. 96.26 


100.06 

99.93 

09.80 

99.68 

99.55 

99.42 

09.29 

09.16 

99.03 

98.90 

98.77 

98.64 

98.51 

98.38 

98.26 

98.13 

08.00 

97.87 

97.74 

97.01 

97.4$ 

97.36 

97.22 

97.09 

96.96 

96.83 

96.71 

96.58 

96.46 

06.32 

96.19 


99.98 

90.85 

99.72 

99.60 

69.47 

99.34 

99.21 

99.08 

08.95 

98.82 

98.69 

98.56 

98.43 

98.30 

98.18 

08.05 

97.93 

97.80 

97.67 

97.54 

97.41 

97.28 

97.15 

97.02 

96.89 

96.76 

06.64 

96.51 

96.38 

96.25 

96.12 


99.91 
99.78 
99.65 
90.53 
99.40 
90.27 
99.14 
99.01 
98.88 
98.75 
98.62 
98.49 
98.36 
08.23 
08.11 
97.98 
98.87 
97.74 
97.61 
97.48 
97.35 
87.22 
97.09 
96.96 
96.83 
96.70 
06.57 
96.44 
06.31 
96.18 
96.06 
• • 


99.84 

99.71 

99.58 

90.40 

09.33 

99.20 

99.07 

98.94 

98.81 

98.68 

98.55 

08.42 

98.29 

98.16 

98.04 

97161 

97.80 

97.67« 

97.54 

07.41 

97.28 

97.15 

07.02 

96.89 

96.76 

06.63 


99.77 
99.65 
99.52 
99.30 
99.26 
09.13 
99.00 
98.87 
98.74 
08.62 
98.49 
98.36 
98.23 
98.10 
97.97 
97.84 
07.71 
97.5# 
07.46 
97.33 
97.20 
97.07 
96.94 
96.U 
96 .^ 
06.56 


96.50* 06.43 
96.37 96.30 
06.24 06.n 
96.U« 96.04 
95.98 ^5.91 
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Barometric 

Pressure, 


TABLE ClI. (CoHlinttfd) 
Temperature, 


Mm. of 
Mercury 

$.2“ 

6.4^ 

66“ 

6.; 

5“ 

7 

0 


>0 

775. 

90.70 

09.63 

99.56 

99 

49 

99. 

42 

99, 

35 

774. 

90.58 

99.51 

09.44 

99 

37 

99. 

29 

99. 

22 

77i. 

09.45 

99.38 

99.31 

99 

24 

99. 

16 

99. 

69 

772. 

99.32 

99.25 

99.18 

99 

11 

90. 

03 

98. 

96 

771. 

99.19 

99.12 

99.05 

98 

98 

98. 

91 

98. 

84 

770. 

90.06 

08.99 

08.92 

98 

85 

98. 

78 

98. 

71 

769. 

08.93 

98.86 

98.79 

98 

72 

98. 

65 

98. 

58 

768. 

08.80 

98.73 

98.66 

98 

59 

98. 

52 

08. 

45 

767. 

08.67 

98.60 

98.53 

t»S 

•10 

98. 

39 

98. 

32 

766. 

98.55 

08.48 

98.41 

98 

34 

98. 

26 

98. 

19 

765. 

98.42 

08.35 

98.28 

98 

21 

98, 

14 

98, 

07 

764. 

98.29 

98.22 

98.15 

98 

(18 

98, 

01 

97. 

91 

763. 

98.16 

98.00 

98.02 

97 

95 

97 

.88 

97 

81 

762. 

98.03 

97.96 

07.89 

97 

82 

97 

.75 

97 

(^8 

701. 

97.00 

97.83 

97.70 

9/ 

69 

97 

. 62 

97 

. 55 

700. 

97.77 

07.70 

07.63 

97 

56 

97 

.49 

97 

,42 

759. 

97.64 

97.57 

97.50 

97 

43 

97 

.37 

97 

.30 

758. 

97.52 

07.45 

97.38 

97 

31 

97 

.21 

97 

.17 

757. 

97.39 

97.32 

97.25 

97 

18 

97 

.11 

97 

.01 

750. 

97.26 

97.10 

97.12 

97 

65 

9(> 

.98 

00 

.91 


97.13 

97.06 

96.99 

9J> 

92 

90 

,85 

96 

.78 


07.00 

96.93 

96:86 

96 

79 

96 

.72 

96 

,05 


06.87 

06.80 

90.73 

96 

(>6 

9() 

.66 

96 

.56 


96.74 

96.67 

96.60 


53 

96 

.47 

96 

,40 

751. 

96.61 

96,54 

96.47 

96 

.«u 

90 

.34 

96 

. 27 


750. 

740. 

748. 

747. 

740. 


775.. 

774.. 

773.. 

772.. 

771.. 

770.. 

700.. 

708.. 

707.. 

760.. 

765.. 

704.. 

703.. 

702.. 

701.. 

760.. 

759.. 

758.. 

757.. 
756. 

fts.. 

754. 

753. 

752. 

751. 


06.49 
06.38 
06.25 
06.12 
05.00 

O.'i.itO 

8.2“ 

. 98.09 

. 08.87 
. 98.74 

. 98.61 

. 08.48 

, 98.35 

. 08.23 

. 98.10 

. 97.07 

. 07.84 

. 97.72 

. 97.50 

. 97.40 

. 97.33 

. 97.20 

. 07.08 

. 96-95 

. 96.82 

.* 96.09 
, 96.57 

. 96.44 

. 96.31 
. 96.18 

. 96.05 

. 95.93 


96.42 

96.30 

06.17 

90.04 

95.01 


00.35 

90.23 

06.10 

05.07 

05.84 


96.28 
96.16 
96.03 
0.5,00 
95.77 


96.21 
90.08 
05.90 
95. S3 
95.70 


96,14 

00-01 

95.89 

95.70 

95.03 


7.4“ 

99,28 

99.15 

99.02 

98.89 

98.77 

98.04 
08.51 
98.38 
08.25 
98.12 

98. (M) 
97 87 
97.74 
07.01 
97.48 

07.35 
97.23 
97, TO 
90.97 
00.84 

90,7^ 
00.58 
00.40 
00.33 
90.20 

96.07 
05.04 
95.82 
95.00 
05.66 


7.6“ 

90.21 

99.08 

98.95 

98.82 

98.70 

98.57 

08.45 

98.32 


97.68 
97.55 
97.42 

97.20 

07,17 

97.04 

90.91 

96.78 

90.05 
96.52 
90.40 
00.27 
00.14 

06.01 
05, K8 
05.76 
05,03 
05.50 


9.5.78 05.71 95.61 05.57# 95.50 05.43 95,37 


M: 


96.80 
95.67 

748 . 96.54 

747 .. . 95.42 

748 ;;..*. 95-29 

748.. ..W 95.16 


8.4“ 
98.93 
98.81 
08.68 
98.6.5 
98.42 

98.20 

98.16 

98.03 

97.00 

97.77 

97.65 
07.52 
97.30 
97.26 
07.13 

07.01 

06.88 

90.75 

96.62 

96.50 

96.37 

96.24 

96.11 

95.98 

95.86 

95.73 

95.60 

95.47 

95.35 

95.22 


8 . 6 “ 

98.86 

98,74 

Oi.Ol 

98.48 

98.35 

08.22 

98.00 

97.96 

07.83 

97.70 

97.58 
97.45 
97.32 
07.10 
07.06 

96.04 

96.81 

96.68 

96.55 

96.43 

96.30 

96.17 

96.04 

95.91 

96.79 

95.66 

95.54 

95.41 

95.29 

95.16 


8 8 “ 
98.79 
98.67 
98.54 
98.41 
98.28 

98,15 
98.02 
07.80 
07 76 
07.63 

07 51 
07.38 
97.25 
97.12 
06.00 

06.87 
06.75 
06.62 
06.40 
00.37 

06 24 
06,11 
05.98 
05.85 
95.73 

95.60 

95.47 

95.34 

95.22 

95.09 


9“ 

98.72 
!»S. .59 
08.47 
08.34 
08.21 

08.09 
97.96 
!>7.83 
07,70 
07.58 

07,45 

07.32 

07.19 

07.07 

06.94 

96.81 
96, G8 
06.56 
06.43 
06.30 

90-17 

06.05 

95.92 

95.70 

95.66 

05.54 
95.41 
95.28 
95.16 
95.03 


0 . 2 “ 

98.65 

08.52 

08.40 

08.27 

08.15 

08,02 
97.80 
97.76 
07. (-.4 
97.51 

97.38 

07.25 

97.13 

07.00 

96.87 

96.75 
06.62 
96.49 
96.37 
96.24 

96.11 

95.90 

95.86 

95.73 

95.60 

95.48 

95.36 

95.22 

96.09 

94.97 


9.1“ 
98, .58 
98.45 
98.33 
08.20 
98.08 

97 .*05 
97.82 
97.69 
97.57 
07.44 

97.31 
07.18 
97.06 
96.93 
96,80 

96,68 
06.55 
96.42 
06.30 
96.17 

96.04 

95.92 

95.79 

05.66 

95.54 

95.41 

95.28 

95.15 

95.03 

94.90 


9.6“ 

98,51 

98.38 

08.26 

08.13 

98.01 

97.88 

97.75 

97.62 

97.50 

07.37 

07.24 
97.11 
06.90 
06.86 
06.73 

06.61 
96.48 
96.35 
06. 23 
06.10 

05.97 

05.85 

06.72 

05.50 

95.47 

95.34' 

96.21 

96.08 

94.90 

94.83 


7.8“ 

8“ 

99.14 

09.08 

99.01 

08. M A 

98.88 


08.75 

08.68 

98. ()3 

08.55 

08.50 

98.41 

flS. 38 

08.» 

Is. 25 

98.« 

98.12 

98.0« 

97.99 

07.91 

07.87 

97.ro 

97.74 

97.M 

97,61 


97.48 

fl7.« 

97.35 

97.iff 

97.22 

97.1* . 

97-10 

97.^ 

90.97 

96.80 

96.84 

96 79 

90.71 

96.64 

06.58 

06.51 

96.45 

TO.>38 

96.33 

96.25 

96.20 

90.12 

90.07 

96.00 


t7!?.87 

95.81 

95.74 

95.69 

95.61 

05.56 

95.40 

95.43 

95.36 

95.30 

9.5,23 

9.8“ 

10“ 

98.44 

98.37 

98.31 

98.24 

98.19 

98.12 

98.06 

97.99 

97.94 

97.87 

97.81 

97.74 

97.68 

97.61 

97.55 

97.48 

97.43 

07.30 

97.30 

07.23 


07.17 07.10 
07,04 06.0^ 
06.02 OO.H.T 
06.79 96.72 
06.66# 06.59 

06.54 Qfi.47 
06.41 06.34 

06-28 fl6.21 
06.16 96.(Ml 
06.03 •95.06 


05 .W 
95.^7 
95.65 
05.62 


'95.27 

96.14 

95.01 

94.89 

94.70 


05.83 

#6.70 

95.58 

95.45 

95.33 

95.20 

95.07 

94.94 

04.82 

94.09 


96.09 BS.0.3 04,99 94.90 94.SA 94.94 94.«7 
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table cn. (ContfiiKnfl 





BATonutiii 











* I*rett«re, 




Temperature. ® C 





Mm. of 











Mercury 

10.2* 

10.4* 

10.6® ^mo.8® 

11® 

n. 2 » 

11. 

11.6*, 

11.8* 

«• 

,m . 

08.30 

98.23 

08.16 

98.00 

98.02 

97.96 

07.80 

67v82 

97.75 

97.68 

m* . 

98.18 

98.11 

98.04 

97.97 

97.00 

07.83 

97.76 

97.69 

97.62 

97.55 


98.06 

97.08 

07.01 

07.84 

97.77 

07.70 

97.63 

97.56 

97.40 

9^42 

. 

97.93 

07.86 

97.79 

97.72 

97.66 

97.58 

97.61 

97.44 

97.87 

of 30 

■ni. 

07.85 

07.73 

97.66 

97.50 

97.62 

97.45 

07.38 

97.31 

07.24 

97.17 


97.67 

07,60 

97.63 

97.46 

97.40» 

97.33 

97.26 

97.19 

97.12 

97.05 

!.fM . 

.97.54 

97 .'47 

97.40 

07.33 

97.26 

97.20 

97.13 

97.06 

06.90 

96.92 

. 

•B7.43 

97.36 

97.28 

97.21 

97.14 

97.07 

97.00 

96.93 

96.87 

06.80 

^M7 . 

07.20 

97.22 

97.15 

97.08 

97.01 

96.05 

96.88 

96.81 

96.74 

96.67 

^•6 . 

97«.tf 

97.10 

97.03 

96.96 

06.89 

96.83 

96.76 

96.69 

06.62 

96.55 


97.04 

06.97 

96.90 

96.83 

96.76 

06.70 

96.63 

96.56 

96.49 

96.42 

. 

96.91 

96.84 

96.77 

96.70 

96.63 

96.57 

96.50 

96.43. 

96.30 

96.29 

. . 

96.78 

96.71 

96.64 

96.57 

96.60 

06.44 

96.87 

96.30 

06.23 

96.16 

. 

96.66 

96.69 

96.62 

96.46 

96.38 

06.32 

96.25 

96.18 

96.11 

96.04 

. 

96.52 

06.46 

96.39 

96.32 

96.26 

96.19 

06.12 

96.05 

95,98 

95.91 


96.40 

96.34 

96.27 

96.20 

96.13 

96.07 

96.00 

95.93 

96.86 

05.79 

...fw. 

96.28 

96.21 

96.14 

96.07 

06.00 

96.04 

06.87 

95.80 

95.73 

95.66 

's^fM . 

96.15 

06.08 

96.01 

95.94 

95.87 

95.82 

05.75 

95.68 

05.61 

95.54 

:^;457 . 

96.02 

96.96 

95.88 

96.81 

96.74 

96.68 

95.62 

95.65 

05.48 

95.41 

^7»6 . 

95.90 

95.83 

95.76 

96.69 

96.62 

96.66 

95.50 

95.43 

95.36 

96.29 


95.77 

96770 

06.63 

05.56 

95.40 

95.43 

95.37 

95.30 

95.23 

95.16 

:?• liHr. .... 

95.64 

96.58 

05.61 

95.44 

95.37 

96.31 

95.27 

95.77 

95.10 

95.03 

i 783. 

95.62 

96.45 

95.38 

95.31 

95.24 

96.18 

95.11 

95.04 

94.97- 

94.90 

i" 752. 

05.39 

06.33 

95.26 

95.19 

96.12 . 

,95.05 

94.98 

94.01 

94.84 

94.78 

s 751. 

95.27 

06.20 

95.13 

05.06 


94.92 

94.85 

94.78 

94.72 

94.65 

''V8«r....> 

96.14 

95.07 

96.00 

94.63 

04.86 

94.80 

94.73 

94,66 

94.60 

94.53 

»WO . 

95.01 

94.94 

94.87 

94.80 

94.73 

94.67 

94.61 

94.54 

94.47 

04.40 

. W8 . 

94.88 

94.82 

94.76 

04.68 

94.61 

94.66 

94.40 

04.42 

04.35 

94.28 

MAI . 

94.76 

94.69 

94.62 

94.55 

94.48 

94.42 

94.36 

04.29 

94.22 

94.15 

w** . 

04.64 

94.57 

94.50 

94.43 

94.36 

94.30 

94.23 

04.10 

94.09 

94.02 

p748. 

94.51 

94.44 

94.37 

04.30 

94.23 

94.17 

94.10 

94.03 

93.96 


f 

12.2* 

12.4® 

12.6® 

12.8® 

13® 

13.2® 

13.4® 

13.6® 

13.8^ 

14® 

776. 

97.61 

97.63 

97.46 

97.40 

97.33 

97.26 

97.19 

97.12 

97.06 

06.99 

774. 

97.49 

07.42 

97.35 

97.28 

97.21 

97.14 

07.07 

97.00 

96.94 

96.87 

773. 

97.36 

97.29 

97.22 

97.16 

97.08 

97.02* 96.96 

06.88 

96.82 

06.75 

772. 

97.24 

97.17 

97.10 

97.03 

96.96 

96.90 

06.83 

96.76 

96.69 

96.62 

771. 

97.11 

97.04 

96.97 

96.00 

96.83 

96.77 

96.71 

96.64 

96.57 

96.50 

770. 

96.99 

90:fi3 

96.85 

96.78 

96.71 

96.65 

96.58 

96.51 

96.44 

96.37 

789. 

96.85 

06.78 

96.72 

06.65 

96.68 

06.52 

96.46 

96.39 

06.32 

96.25 

768. 

96.73 

06.66 

96.60 

96.63 

96.46 

06.40 

96.33 

96.26 

06.19 

06.12 

767. 

06.61 

96.54 

96.47 

06.40 

96.33 

00.27 

96.21 

06.14 

08.07 

96.00 

768. 

06.49 

96.42 

06.35 

96.28 

06.21 

96.16 

96.08 

96.01 

95.94 

95.87 

785. 

96.36 

96.29 

96.22 

96.16 

96.08 

06.02 

05.06 

95.80 

95.82 

95.75 

. 

96.22 

96.16 

06.08 

96.02 

95.95 

96.80 

95.83 

05.76 

96.69 

95.62 

^63 . 

96.00 

96.02 

95.05 

95.88 

95.82 

06.76 

95.70 

95.63 

95.56 

95.50 

763. 

95.97 

96.90 

05.83 

96.76 

95.70 

9m^ 

95.58 

95.61 

95.44 

96.37 

761...e... 

06.84 

96.n 

95.71 

95.64 

96.67 

9^1 

95.46 

96.39 

95.32 

95.25 

760.. 

96.72 

95.66 

95.58 

05.62 

95.45 

06.38 

95.32 

96.25 

95.10 

95.12 

759. 

95.60 

95.63 

95.46 

95.39 

95.32 

95.26 

95.20 

06.13 

95.06 

95.00 

758.«. 

96.48 

05.41 

95.34 

95.27 

95.20 

96.14 

95.07 

95.00 

94.93 

94.87 

757. 

96.35 

96.28 

95.21 

96.14 

96.07 

95.01 

04.94 

94.87 

94.81 

94.75 

766..#.... 

96.22 

96.16 

95.08 

95.01 

04.05 

94.88 

94.81 

94.74 

94.68 

94.62 

r68„..... 

05.09 

96.02 

94.96 

94.88 

94.82 

94.75 

94.68 

94.62 

94.58 

94.n 

764*...♦. 

04.06 

94.89 

94.82 

04.76 

94.70 

04.63 

94.56 

94.49 

94^43 

04.36 

753. 

04.83 

04.76 

94.69 

94.63 

94.57 

94.60 

94.43 

94.37 

94?31 

94.24 

752. 

94.71 

94.64 

94.57 

94.61 

94.45 

94.38 

94.31 

94.24 

04.18 

94.11 

751. 

94.58 

94.61 

94.44 

94.38 

94.32 

94.25 

94.19 

94.12 

04.06 

93.99 

780. 

A.4e 

94.39 

94.32 

94.26 

94.20 

04.13 

94.06 

03.99 

03.98 

98.86 

740. 

04.83 

04.26 

94.19 

94.13 

94.07 

94.00 

98.93 

93.86 

93.80 

9m 

748. 

94.21 

94.14 

94.07 

94.01 

93.95 

93.88 

03.81 

03.74 

03.68 

93.61 

747. 

04.08 

94.01 

93.94 

93.88 

93.82 

93.76 

93.68 

98.62 

98. U 

93.49 

746. 

03.95 

93.80 

93.82 

93.76 

93.70 

03.63 

93.56 

93.49 

08. IS 

03.36 
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*TABI,E CII. (jCmMoueti 

Barometric - 

Preaaure, * Temperature, ® C. * 

Mm. of 14.2* 14.4' 14.S” 14.8“ 15« IS.2; IS.4* 16.6' 16.8' 16' 

Mercury ^ 0 

775. 66.02 96.86 98.78 96.71 96.65 96.68 96.51 96.45 96.38 96.32 

774 . 96.80 96.73 96.66 96.69 96.53 96.47 96.40 96.33 96.28 96.20 

773.. ..... 96.68 96.81 96.64 96.47 96.41 66.36 96.28 96.21 96.14 96.07 

772.. .*... 96.65 96.48 96,41 96.34 96.28 98.22 66.16 98.09 96.02 96.96 

771. 96.43 96.36 96.29 96.22 96.16 96.10 96.04 95.97 a 96.90 95.82 

770. 96.30 96.23 96.16 96.00 96.03 95.98 95.92 95.86 96.78 96.72 

769 . 96.18 96.11 96.04 96.97 95.91 95.86 96.78 96.71 96.64 06.67 

7*8. 96.05 96.98 96.61 95.84 96.78 96.72 96.65 65.69 96.10 96.45 

767 . 96.93 96.86 95.79 96.72 95.68 95.60 66.54 95.47 96.40 95.33 

766 . 66.80 66.73 95.66 96.69 95.53 96.47 96.41 96.34,^5.27 95.20 

765 . 96.68 96.61 95.54 66.47 95.41 95.34 96.28 95.21 96.15 96.08 

764 . 96.66 65.48 96.41 96.34 96.28 66.22 96.15 95.08 96402 94.96 

763 . 95.43 95.36 96.29 95.22 65.16 95.10 95.03 94.96 94.90 94.83 

762 . 96.30 95.23 96.16 95.09 96.03 94.97 94.91 94.84 94.77 94.70 

761. 96.18 05.11 06.04 94.97 94.91 94.85 94.79 94.72 94.65 94.68 

ftO. 95.06 94.68 94.91 94.84 64.78 94.72 94.66 94.60 94..53 94.46 ^ 

769 . 94.93 94.86 94.79 94.72 94.66 94.60 94.,54 94.47 94.40 94.33 

768 . 94.80 94.73 94.66 94.59 94..53 94.47 04.42 94.3.5 94.28 94.21 

767 . 94.68 94.61 94.64 94.47 94.41 94..3.5 94 28 94.20 Of 14 OfOS 

766 . 94.66 94.48 94.41 94.35 94.29 04.23 94.10 94.09 94.03 9.1.90 

<56. 94.42 94.38 94.29 94.22 94.16 94.10 9f03 «3,06 93.89 9^ 

1::::;:: It:?? Hit Hi? Hit H 

llil “ f 

760. 93.79 93.73 03.06 93.00 93.54 93.48 42 93 .16 

748. 93.66 93.48 93.41 93.35 

748 ' ‘ ::: m: 3 o mJI Hio ol.w 93.04 ooos 92.91 02.35 92.79 92.73 

93.18 03.11 03.04 92.97 02.01 0J.80 02.79 92.73 92.66 92.69 

16.2' 16.4' 10.6' 16.8' 17' 17.2“ 17.4' 17.6' 17.8" 18' 

4>ii to Ofl n 96 07 96.01 9.'>.94 95.ft6 96.79 95.72 95.66 

III . llfi 00 00 95 3 9.5.R5 95.XO 9.5.73 95.66 95.60 95.64 

Hi . SS-Jl S5.94 95 « 95 «t 9.5.74 9.5,OS 95,02 96.56 96.48 95.41 

773. ftR’Rft fi*! R2 95 th 9-5 09 9.5 02 95.50 9.5,.50 9.5.4.3 96.30 

nl. Toil 95.?0 95 64 uii O.-.H M.OS 9.6.31 95.24 9.5.18 

™ 0]-, 64 05..W 0.5,.52 95.15 05.:m 93,32 05 211^06.18 05.11 «i5,.04 

770 . Ql'll 95 46 06.40 05.33 05.26 05.20 05.13 05 0.5 01 OM 01X3 

769 . '•"■in 05 -jl 05.28 05.20 06.11 05.08 05.00 01.02 01 86 01.70 

768 . Sf'SS Ol 90 96 13 06.07 05,00 91.03 01.811 01.80 01.73 01.67 

707 . »5-28 ll-S 95.02 94.05 94.88 04.81 91.71 01,68 111.61 01,65 

98.01 94.94 9f88 94.82 04.7| (,, 3, „ 3^ 

766. pi g2 94.76 94.70 ofoj jg 04.32 04.25 04.48 

764. ji'jp 94.64 94.68 9f6l 94.1 i-^ p, Pg 

SS BiSS !i:!i !1:S5 K K 

^5;;:; S| Hli “I 81 H |1 Is 11 H |~ 

M aa as a« il I'J II il l.ffH 

?l:S 1111. If. S S M & asasiM 

i« :: Hi S Is II11II111111II 

.., 
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TABLE cn. (.Coaintu^ 

Bftronetric 

pTw I U re, Temperature, * C. 

Mm. of ^ 

Mercury 18.2* 18.4* 18.8* 19.0* 19.2* *19.4* 

778. 96.89 96.63 96.46 96.40 95.33 95.27 96.20 

774 . 96.47 96.41 96.34 95.28 96.21 96.14 95.08 

778 . 96.36 96.29 95.22 96.16 96.09 96.02 94.96 

772 . 96.23 05.17 05.10 96.04 94.97 94.91. 94.85 

771.. ..... ^.10 95.05 94.98 94.01 94.86 94.80 94.73 

'^'770.94.98 94.91 04.85 94:78 94.71 94.65 94.58 

769 . 94.86 94.79 94.73 94.66 9l;69 94.53 94.46 

768.. ..*.. 94.73 94.66 94.60 94.64 94.47 94.41 94.84 

. 767. 94.61 94.54 94.48 94.42 94.86 94.29 94.21 

766 . .|l.49 04.42 94.36 94.30 94i8a 94.17 94.00 

765 .* 94.37 94';80 04.24 94.18 9441 94.04 ■ ^^7 

764..* 94.24 94.18 04.12 94.06 03.W 93.02 f>^5 

763 . 94.12 94.06 94.00 93.94 93.87 03.80 t .73 

762. ^00 98.04 93.88 93.82 93.75 03.68 93.61 

7M. 9l>68 93.82 93.76 93.69 93.68 03.66 98.48 

760 . 93.67 03.61 03.65 93.49 03.42 93.36 

769. »62 93.56 93.49 93.43 93.36 03.80 93.24 

768. OCSO 93.43 03.37 03.31 03.24 93.18 03.12 

767 . 9f:88 93.31 93.25 03.19 03.12 93.06 03.00 

766 . 9|.25 93.10 03.12 03.06 93.00 92,94 93.88 

755 . 98.13 aOS.O? 93.00 92.94 92.88 98.82 92.76 

M. 03.00 92.04 92.88 92.82 02.76 92.70 92.64 

^.. 92.88 92.82 92.76 92.70 92.64 93.58 03.62 

753. 03.76 02.70 02.64 92.68 92 j2 92.46 92.39 

761 . 92.64 92.58 92.52 92.46 J)2!lo 92.33 98.26 

.760..^... 03,61 92.46 92.40 92.33 92.26 92.19 92.12 

749.. 7 ... 02.88 92.32 02.26 92.20 92.13 92.07 92.01 

748 . 02.26 92.20 92.14 92^. 92.01 01.95 91.88 

747 . 92.14 92.08 92.02 91.95 91.89 01.83 91.76 

'746. 92.02 91.96 91.90 91.83 01.77 91.71 91.64 

I 746. 91.90 91.84 91.7% 91.71 01.66 91.50 91.53 

t 20.»* 20.4* 20.6* 20.8* 21® 21.2* 31.4* 

04.95 94.88 94.81 04.75 94.68 04.6! 94.64' 

^. 94.81 94.74 04.68 04.K 04.56 94.49 94.43 

.i.... 04.69 94.62 k.56 94.50 04.44 94#37 94.80 

773.94.57 04.50 94.44 94.38 94.31 04724 04.17 

77l/. 04.45 94.38 94.32 94.26 94.10 94.17^94.05 

770:. 94.|6»«^.26 94.20 04.14 94.07 94.00 

r^O. 94.^ 94.14 94.08 94.01 93.05 03.88 93.81 

768 . 04.08 94.02 03.96 93.89 93.83 93.76 03.69 

767. 98.96 63.90 93.83 93.77 93.70 93.63 93.67 

•766 . 93.84 93.78 03.71 93.64 93.58 93.51 98.44 

765. 93.73 93.66 93.59 93.62 93.46 93.39 93.32 

.764 . 63.60 03.54 03.47 93.40 93.34 93.27 93.20 

763 . 03.46 03.42 63.35 93.28 93.22 03.15 93.08 

762 . 93.36 93.29 93.23 93.16 93.10 93.03 62.96 

76%. 93.28 63.17 93.10 93.03 92.98 92.01 92.84 

760 . 93.11 03.05 92.98 02.91 62.86 92.79 92.72 

tW. 92.99 92.08 92.86 92.79 92.74 92.67 92.60 

758. 62.86' 92.81 92.74 92.67 92.62 92.56 92.48 

.787 . 92.74 92.68 92.62 92.55 92.49 92.42 62.35 

75|.. 02.61 92.65 92.49 62.42 92.37 92.30 02.23 

765 . 92.49 02.43 92.36 62.30 62.25 92.18 02.11 

M4..A... 62.36 92.30 92.24 92.18 92.18 92.06 91.99 

769 . 92.24 «.18 92.12 92.06 92.01 91.94 01.87 

752 . 92.12 92.06 62.00 91.98 91.88 91.81 91.74 

751...^... 92.00 01.93 91.88 01.81 91,75 91.68 91.62 

'';:760....'^';^91.88 91.82 91.76 91.60 91.63 91.56 91.50 

749....... 91.76 91.70 01.64 91.57 91.50 91.48 91.87 

746. 91.64 91.58 61.62 91.46 91.88 91.31 91.26 

747 . 91.61 91.46 61.39 91.82 91.26 91.19 91.13 

746. 01.39 91.83 01.27 91.20 91.14 91.07 91.01 

-'746....... 91 .'27^ 91^1 91.16 91.08 91.02 90.96 00.80 


. 6 * 

,’.14 

16.02 

94.90 

94.76 

94.66 

04 . 62 " 

04.40 

94.28 

94.16 
94.03 

93^91 

03.79 

93.67 
63.& 
03.42 

93.20: 

93.17 
93.05 

92.93 
92.81 

92.69 
92.57 
02.45 
92.32 
02.19 

92.06 

91.94 
01.82 

91.70 
91,59 

01.47 


21 . 6 * 


19.8* 20* 

95.08 96.01., 
94.96 64.§|k> 
94.8% M.Tt, 
94.7F H .64 
94.60 94.62 


■94.46 

94.84 

94.32 

94.09 

93.97 

03.85 

93.73 

93.60, 

98.48 

93.36 

92.^ 

03.11 

92.99 

02.87 

92.76 


03.00 

93.78 

93.66 

.03.68 

93.41 

08.39 

03.17 

m 

92.80 


03.63 92«6i 
92.60 92*43 
02.38 93.31 
92.36 92.19 
93.12 93.06 


92.00 

91.88 

91.76 

91.64 

91.52 


92.94 

91.82 

91.70 

91.57 

91.45 


9l.40\?i,^3 

23* 



91.44 
9;^81 
:Va9 
91.07 
90.96 






















































